UK | d : University of Kentucky
b nowe ge UKnowledge

Theses and Dissertations—-Kinesiology and

Health Promotion Kinesiology and Health Promotion

2015

THE EFFECTS OF SPINAL MANIPULATIVE THERAPY ON
ISOKINETIC STRENGTH AND POSTACTIVATION POTENTIATION

Grant D. Sanders
University of Kentucky, grantdsanders@gmail.com

Right click to open a feedback form in a new tab to let us know how this document benefits you.

Recommended Citation

Sanders, Grant D., "THE EFFECTS OF SPINAL MANIPULATIVE THERAPY ON ISOKINETIC STRENGTH AND
POSTACTIVATION POTENTIATION" (2015). Theses and Dissertations--Kinesiology and Health Promotion.
27.

https://uknowledge.uky.edu/khp_etds/27

This Doctoral Dissertation is brought to you for free and open access by the Kinesiology and Health Promotion at
UKnowledge. It has been accepted for inclusion in Theses and Dissertations—-Kinesiology and Health Promotion by an
authorized administrator of UKnowledge. For more information, please contact UKnowledge@|sv.uky.edu.


http://uknowledge.uky.edu/
http://uknowledge.uky.edu/
https://uknowledge.uky.edu/
https://uknowledge.uky.edu/khp_etds
https://uknowledge.uky.edu/khp_etds
https://uknowledge.uky.edu/khp
https://uky.az1.qualtrics.com/jfe/form/SV_9mq8fx2GnONRfz7
mailto:UKnowledge@lsv.uky.edu

STUDENT AGREEMENT:

| represent that my thesis or dissertation and abstract are my original work. Proper attribution
has been given to all outside sources. | understand that | am solely responsible for obtaining
any needed copyright permissions. | have obtained needed written permission statement(s)
from the owner(s) of each third-party copyrighted matter to be included in my work, allowing
electronic distribution (if such use is not permitted by the fair use doctrine) which will be
submitted to UKnowledge as Additional File.

| hereby grant to The University of Kentucky and its agents the irrevocable, non-exclusive, and
royalty-free license to archive and make accessible my work in whole or in part in all forms of
media, now or hereafter known. | agree that the document mentioned above may be made
available immediately for worldwide access unless an embargo applies.

| retain all other ownership rights to the copyright of my work. | also retain the right to use in
future works (such as articles or books) all or part of my work. | understand that | am free to
register the copyright to my work.

REVIEW, APPROVAL AND ACCEPTANCE

The document mentioned above has been reviewed and accepted by the student’s advisor, on
behalf of the advisory committee, and by the Director of Graduate Studies (DGS), on behalf of
the program; we verify that this is the final, approved version of the student’s thesis including all
changes required by the advisory committee. The undersigned agree to abide by the statements
above.

Grant D. Sanders, Student
Dr. J. W. Yates, Major Professor

Dr. Heather Erwin, Director of Graduate Studies



THE EFFECTS OF SPINAL MANIPULATIVE THERAPY ON
ISOKINETIC STRENGTH AND POSTACTIVATION POTENTIATION

DISSERTATION

A dissertation submitted in partial fulfillment of the
requirements for the degree of Doctor of Philosophy in the
College of Education
at the University of Kentucky

By
Grant David Sanders
Lexington, KY
Director: Dr. James W. Yates, Professor Emeritus of Kinesiology and Health Promotion
Lexington, KY
2015

Copyright © Grant David Sanders 2015



ABSTRACT OF DISSERTATION

THE EFFECTS OF SPINAL MANIPULATIVE THERAPY ON
ISOKINETIC STRENGTH AND POSTACTIVATION POTENTIATION

Spinal manipulative therapy (SMT) is a therapeutic procedure employed by
various healthcare practitioners for alleviating acute and chronic musculoskeletal
complaints. This form of treatment is also delivered to enhance the performance and
augment the rehabilitation of athletes. However, despite research findings alleging the
strength-modulating effects of SMT alongside numerous professional athletes’ positive
anecdotal claims concerning its results, the physiological processes to explain its effects
remain largely unexplained. Therefore, the purpose of this work was to investigate the
effects of SMT in a college-aged sample population with two experiments.

The first study examined the effect of SMT targeting the lumbosacral region on
concentric force production of the knee extensors and flexors. A randomized, controlled,
single-blind crossover design was utilized with 21 subjects. Isometric and isokinetic peak
torques (Nm) were recorded during maximal voluntary isometric contractions (MVIC) or
maximal voluntary contractions (MVC) post-treatment of either SMT or a sham
manipulation. The second study incorporated the same experimental design with 20
subjects to examine the effects of SMT on central nervous system (CNS) excitability.
This was accomplished by assessing postactivation potentiation (PAP), measured with
the Hoffmann Reflex (H-reflex). PAP is an enhanced neuromuscular response to prior
contractile activity, and the H-reflex is the electromyographic (EMG) recording of
submaximal electrical stimulation of the la monosynaptic reflex pathway. Subsequent to
SMT and/or a plantar flexion MVIC, EMG amplitudes and isometric twitch torque
generation of the gastrocnemius and soleus muscles were recorded during tibial nerve
stimulations.

The results of the first study indicate that SMT did not produce a significant
strength-modulating effect during isometric and isokinetic contractions of neither knee
extension nor flexion. Similarly, the second study revealed that SMT immediately
preceding the MVIC to induce PAP did not significantly increase H-reflex EMG
amplitudes of either muscle or the simultaneous isometric twitch torque generation
compared to the MVIC only. These data from both investigations suggest that SMT does
not enhance strength or PAP. The positive anecdotal claims of athletes who utilize SMT



may be due to other factors, such as the clinical efficacy of the treatment in addressing
musculoskeletal injuries or a placebo effect.

KEYWORDS: Spinal manipulation, isokinetic strength, H-reflex, postactivation
potentiation, central nervous system

Grant Sanders

Student’s Signature

05/21/2015

Date



THE EFFECTS OF SPINAL MANIPULATIVE THERAPY ON
ISOKINETIC STRENGTH AND POSTACTIVATION POTENTIATION

By

Grant David Sanders

Dr. J.W. Yates

Director of Dissertation

Dr. Heather Erwin

Director of Graduate Studies

05/21/2015

Date



ACKNOWLEDGEMENTS

| wish to express sincere appreciation to my family for their unwavering support, as well
as for the involvement of a number of people in the preparation of this work.

To every subject, thank you for your time, scheduling flexibility and interest in exercise
science.

To Dr. Jody Clasey, | am grateful for the generous amount of time that you cheerfully
provided in performing all of the DXA scan procedures; without this incentive for
participation, subject recruitment would not have been successful.

To Dr. Brian Wallace, thank you for customizing the MATLAB code for the timing of
the electrical stimulations in the second study.

To my doctoral advisory committee, which includes Dr. Mark Abel, Dr. Scott Black, Dr.
Arthur Nitz, Dr. Robert Shapiro and Dr. Brock Symons, thank you all for your guidance
during this process. It has certainly been a privilege working with each of you.

To Dr. Timothy Butterfield, thank you for making the time to lend your expertise as the
outside examiner. I truly appreciate your willingness to accept this request.

And of course, to my committee chair, Dr. J.W. Yates, thank you for postponing a well-

deserved retirement so that | will have greater career opportunities. | hope to emulate
your leadership in all of my future endeavors.

il



TABLE OF CONTENTS

ACKNOWIBAGEMENTS. ...t ii
LISE OF TADIES......ce et eas WY
LIST OF FIQUIES. ...ttt sttt e st e et e sre e nbeeneeaneenaeens v

Chapter 1: Introduction

27103 (0 | (011 4o TSR 1
Statement of the ProbIem...........ooi 3
PUIDOSE. .ttt r e rr e 3
THE FIFSE STUAY. ... 3
The SECONA SEUAY........oiiiiiiee e 4
Chapter 2: Review of the literature
T 0T 8ot AT ] o SR 7
Intervertebral joint hypomobility...........cccooveiiiiiii i 7
Clinical 1dentifiCatioN..........coiiieiiiie e e 7
Hypothesized effeCtS.........c.civeiiiccc e 8
Aberrant afferent iInformation............ccoocevve i 9
Joint dysafferentation..............ccccovveiieie i 10
Effects of spinal manipulative therapy on intervertebral joint hypomobility........ 11
Primary and SeCoNdary BVENES..........cccvevviieieeie st 11
OTher BFFECES. .. eivviiieec e nrees 12
Instrumentation and measurement of the effects of spinal manipulative
ENBIAPY ..ttt 15
Spinal manipulative therapy and the Hoffmann Reflex............c..ccccc.... 17
Postactivation POLENTIATION. ..........coviiiieiieee e 19
Postactivation potentiation and the Hoffmann Reflex.............cccccoevvnennn. 20
How spinal manipulative therapy may influence postactivation potentiation.......21

Chapter 3: Study #1: The effects of lumbosacral manipulation on isokinetic strength
of the knee extensors and flexors in healthy subjects: A randomized, controlled,
single-blind crossover trial

ADSTFACT. ...t 24
T (0T L8 o1 T o OSSR 24
IMBENOUS. ...ttt 25

Peak torque reCOrdiNGS..........oiiieriiieieieie e 25

Spinal manipulation and sham manipulation treatments.................cccccv.. 27

RS LU ] o0 TSR 28
RESUIES. ...t b e 28
D 1T 1S3 o] PSSR 30
LIMIEAEIONS. ...ttt 32
Funding sources and conflicts Of INTEreSt...........cvviiieniiiii e 33

v



Chapter 4: Study #2: The effects of spinal manipulative therapy on postactivation

potentiation

N o111 - Tod PP ST PRSPPI 34
INEFOTUCTION. ...ttt bbbt 35
PUIPOSE. ... 36
IMBENOUS. ...ttt bbb 37
PArTICIPANTS. ... 37

StUdY deSIGN OVEIVIEW......ccvieiiiiieeiie ettt ae e snes 38
CONEIOI GIrOUP. ...ttt 38

INItIAl PrOCEAUIES. ... .c.viiiiece et 40
Subject positioning and electrode placement............cccoveveeiininiieieenne 40
Determination of Hmax, Mmax and maximal plantar flexion torque............ 43

Humax and Mmay recruitment curve procedures............ccooevveveeennen. 44

Confirmation of HMaX........cocovviiiiiiiinieeee e 45

Maximal plantar flexion torque............ccocevvreieienencsieeeeee 46

Treatment ProtOCOL...........ccveiiiie e 46

Spinal Manipulation............cocveeiiiiii e 46

10 second maximal voluntary isometric contraction..................... 47

Humax/Mmax StImulation protocol...........cccevvieiiiiriiieneee e 47
Electromyographic and torque data collection............c.cccccccevveiieieinennn, 48

Data ANalYSIS.....ccviiieiieieieee s 49
RESUITS. .. ettt bbb nes 49
TTEAtMENT GrOUP.....eoiieieeeiree e 49

(@001 170] Io | (01U o SO S R 56

D 1T 1 5] o] PSPPSR 59
LIMITALIONS. ...ttt ettt nb e bbbt 66
00 0] U1 [ 3 USSR 67

Chapter 5: Summary discussion

INEFOAUCTION. ...ttt sttt n e 68
Research questions and NYPOtheSES..........ccooeiiiiiiiiii e 69
D o011 (0] o ST 70
00 0] 1115 [ 3 USSR 73
FULUIE TESEAICI. ....vviieie et 73
Appendix A: Study #1 subject recruitment fIyer...........ccooevviii i 75
Appendix B: Study #1 medical history intake form............cccooiiiiiiiiiii s 76
Appendix C: Study #1 informed CONSENL...........ccoeiieiiiieiiece e 77
Appendix D: Study #1 physical examination fOrm............ccocviriiiiiiien e, 83
AppendiX E: Study #1 raW Gata..........cceeiiieiieiieeiie e 85
Appendix F: Study #2 subject recruitment flyer...........ccocooviiiiiiiiicee 88
Appendix G: Study #2 health history qUESLIONNAITE.............ccovviviiiiiece e 89
Appendix H: Study #2 informed CONSENT..........ccviiiieriiieie e 90
Appendix I: Study #2 physical examination fOrm............cccccceviiiiieiii e 97
Appendix J: Study #2 instrumentation SChemMatiC............ccocceveiiriiiiiece 99
Appendix K: Study #2 raw data..........ccoeeiieiiiiiie e 100



Vi



LIST OF TABLES

Table 1: Summary of experimental procedures (first experiment)..........cccceevvvevveriennnn 26
Table 2: Subject characteristics (Second eXPeriment)..........cccvevereeresiesieesesieseere e 37
Table 3: Summary of experimental procedures (second experiment)...........cc.ccevevererrenne 39
Table 4: Intrasession and intersession reliability of the H-reflex stimulation protocol.....59
Table 5: Within-subjects effects and post-hoc analysis..........ccccccevviiiiiiieniinciee, 65

vii



LIST OF FIGURES

Figure 1: Overall summary of the proposed effects of intervertebral joint

hypomobility and spinal manipulative therapy............cccccovveveiiesivevesie e 15
Figure 2a: Side-posture lumbosacral manipulation Set-Up...........cccoerereniniiininicicee, 28
Figure 2b: Drop table sham manipulation SEt-UpP...........ccceiveieiieiiere e 28
Figure 3: Overall percent change in peak torque post-treatment.............cccccoveneiencninnns 29
Figure 4: Overall percent change in peak torque at five minutes post-treatment

COMPAred 10 DASEIINE......c.eiiiiei e 29
Figure 5: Overall percent change in peak torque at 20 minutes post-treatment

COMPAred 10 DASEIINE... ..o 30
Figure 6a: Subject positioning (second eXperiment)..........cccccvervrvereeriesieesieene e 42
Figure 6b: Ankle attachment set-up (Second eXpPeriment)..........ccocevvrereeierenenenesesnens 42
Figure 7: Example of a common Hyax and Mpmax reCruitment CUrve...........cocecvevvevneenee, 44
Figure 8: Hmax/Mmax Stimulation protoCol............coceiveiiiiiieiice e 48
Figure 9: Temporal changes in the gastrocnemius Hmax/Mmax ratio..........cccccvevvevveniecnnnnn. 50
Figure 10: Temporal changes in the gastrocnemius Hmax/Mmax ratio relative to

baseline EMG ampPlitUdes..........ccooveiiiieiiiie et 51
Figure 11: Temporal changes in the soleus Hpyax/Mmax Fatio.......coovevveieiieieniniieneeee 52
Figure 12: Temporal changes in the soleus Hmax/Mmax ratio relative to baseline

EMG @mMPIITUES. ....ceeiiiiieee e 52
Figure 13: Changes in the Hnax isometric twitch torque post-treatment................cccv.ee.. 53
Figure 14: Percent change of Hmax isometric twitch torque from baseline............cc........ 54
Figure 15: Changes in the M.y isometric twitch torque post-treatment...............ccccee.ee. 55
Figure 16: Percent change of Myax isometric twitch torque from baseline...................... 55
Figure 17: Temporal changes in the control group gastrocnemius Hmax/Mmax ratios........ 56
Figure 18. Temporal changes in the control group soleus Hyax/Mmax ratios..................... 57
Figure 19. Temporal changes in the control group Hmax twitch torques.............cccoveneeee. 57
Figure 20. Temporal changes in the control group Mmax twitch torques.............ccocceeuee. 58

Figure 21: Association between PAP and fatigue resulting from contractile activity.......60
Figure 22: Temporal changes in the gastrocnemius Hmax/Mnmax ratio relative to

baseline amplitudes in subjects 10, 16 and 22............ccccccveveiieieeie s, 63
Figure 23: Temporal changes in the soleus Hmax/Mmax ratio relative to baseline

amplitudes in subjects 10, 16 and 22...........cccceiieieeieiie e 63
Figure 24: Temporal changes in the Hyax iSometric twitch torque relative to baseline

IN SUDJECES 10, 16 @NA 22.......c.ooiuieiicieceee et 64
Figure 25: Temporal changes in the Mmax isometric twitch torque relative to baseline

IN SUDJECES 10, 16 AN 22.......c.ooiieeieciie e 64

viii



Chapter 1: Introduction

Background

Spinal manipulative therapy (SMT) is a therapeutic procedure that has been
performed for thousands of years'™ and is employed today by healthcare practitioners
such as chiropractors, osteopaths, physical therapists and athletic trainers.* SMT is
defined by Stedman’s Medical Dictionary as a “manual method of osseous movement
using high-velocity techniques that take the joint beyond the passive-range end barrier
(without exceeding the anatomic limit) to what is known as the paraphysiologic space.”5
The primary goal of this form of treatment is to reduce spinal and peripheral joint
restriction, thereby promoting a normal range of motion (ROM). The technique is also
referred to as a Grade V mobilization® and by chiropractors as a spinal adjustment, the
most common of which being high velocity, low amplitude (HVLA)."*® SMT has been
shown in several studies to be both efficacious and cost-effective for acute and chronic
musculoskeletal complaints such as neck pain, low back pain and headache.”*®

There are several types of manipulation or adjustment techniques, all with the
intent of ameliorating joint hypomobility and positively influencing neurological
functioning.»?® According to Haldeman,"” these techniques include nonspecific long-
lever manipulation, specific short-lever manipulation, toggle-recoil, joint play, traction
and distraction and mechanically assisted. Evidence from a variety of peer-reviewed
journals also suggests that back pain patients experience enhanced pain relief when SMT
is employed in tandem with other treatment approaches such as exercise, massage and
acupuncture.’®#While HVLA manipulations are most commonly utilized for the
treatment and management of mechanical back pain, the grocedure has also been shown
to be effective in the reduction of extremity joint pain.“*** In addition to high patient
satisfaction®’ and global utilization within the clinical setting,” this form of treatment is
also delivered for the purpose of enhancing the performance and augmenting the
rehabilitation of collegiate and professional athletes.>?®% Notable examples include the
World Ice Hockey Championships, the World Games and the Olympic Games. 30332
Since 1980, Olympic athletes have utilized SMT from chiropractors as part of their injury
care and prevention and possible performance enhancement.® The provision of SMT is
also evident in settings such as the NFL,* in which all 32 teams have a chiropractor on
staff to incorporate SMT into their sports medicine programs.

Research efforts from the past few decades have investigated the effects of SMT
on topics such as strength modulation, muscle inhibition, electromyographic activity,
motor training/reaction time and balance.”® Regarding strength, at least 22 different
studies have recorded changes in force exerted during maximal voluntary contractions
(MVC) post-manipulation. Within these articles, a range of muscle groups were selected,
such as the quadriceps femoris, cervical musculature, thoracolumbar erector spinae,
biceps brachii, shoulder external rotators, lower trapezius and gluteus maximus, in
addition to measurements of knee flexion and grip strength.3*>**®> Many of these studies
reported increases in strength and/or increased electromyograph (EMG) amplitudes, and
are important in the establishment of foundational knowledge of the effects of SMT on



strength modulation. However, the validity of a number of the results is decreased by
questionable methodology.

In a review of the related literature, 18 studies have shown a statistically
significant increase in strength post-manipulation and/or decrease in muscle inhibition,
while 3 reported no significant difference and 1 was a case study.>*>*** Within these 22
articles, several different muscle groups were focused on, with the most predominant
being the quadriceps femoris and also measurements of grip strength. Nonetheless, only
10 of the aforementioned studies utilized a randomized, controlled experimental
design.3*%6:39:434449-5154.55 f these 10, even fewer employed the most reliable strength
measurement methods of isokinetic dynamometry or a load cel|3*%39°0435 (the
exception being an investigation of trunk muscle activity measured with surface
electromyography**). In addition, the majority of the studies’ purported strength increases
contained sizeable standard deviations. Another aspect is the subject population.
Interestingly, the three studies that also did not reveal significant increases in strength
post-SM*>*">! were among the nine that tested an asymptomatic
population,34384247:4930533455 A common conclusion from the studies which included
symptomatic subjects was the view that the participants’ disability afforded a greater
opportunity for strength increases, as there was a decrease in pain and related muscle
inhibition post-manipulation. This concept is discussed in greater detail in the literature
reviewed for this work (Chapter 2).

Regardless of the methodologies and results of previous investigations, they are
all measures of gross muscle activity, which can be affected by several variables such as
the ability to recruit motor units, current level of fitness and intrinsic motivation.”®>® The
theory and research related to SMT, however, is concerned primarily with the effects on
the central nervous system (CNS). Accordingly, a phenomenon related to both CNS
function and athletic performance is postactivation potentiation (PAP). PAP is an
immediate, augmented increase in explosive muscle force generation following heavy
resistance exercise.> It has been purported that the preceding heavy loading causes a
large amount of CNS stimulation, which results in increased motor unit recruitment and
force production.®®®? Two explanations for this occurrence are widely recognized. The
first is that an increase in the phosphorylation of myosin regulatory light chains occurs
during the preceding heavy lifting, allowing troponin to become more receptive to
calcium ions released from the sarcoplasmic reticulum.®®®*%® This will in turn enhance
the force production and speed of contraction rates during subsequent explosive
movements.>***®® The second explanation is based on findings from use of the Hoffmann
Reflex (H-reflex), that increased CNS activity may also provide a neural contribution to
potentiation post-conditioning acitvity. The H-reflex is the submaximal electrical
stimulation of the la monosynaptic reflex pathway to measure the efficacy of the la-alpha
motor neuron (¢MN) synapse in the venral horn of the spinal cord.®®® Analogous to
mechanically-induced tendon reflexes, the measurement is most reliable when performed
via the tibial nerve.®® Measurement of the reflex latency can be employed clinically to aid
in the diagnosis of radiculopathies, and in kinesiological research for estimating the size
of the motor neuron pool able to be recruited under various conditions.®” The stimulation
results in a compound muscle action potential (CMAP) from which reflexive motor unit



activity can be measured, thus indicating the excitability of the CNS.®>®” Moreover, it has
been found that H-reflex EMG amplitudes are enhanced during PAP, signifying an
increase in the firing rate of action potentials to the contracting muscle.®

Statement of the Problem

Concerning the effects of SMT, it may be possible that one of the reasons for
athletes’ anecdotal claims of increased performance post-treatment is due to increased
potentiation. While the H-reflex has been studied to elucidate the neurophysiological
effects of SMT, it has never been conducted to measure the effects of SMT on PAP, with
possible implications for a greater increase in power production versus that which would
occur in a control group not receiving SMT. In addition to addressing the gap in the
literature, this investigative effort is directly related to the proposed neurophysiological
effects of SMT. Several authors have stated the need for further investigations of how
SMT may modulate neuromuscular activity outside of the clinical setting,®® particularly
when delivered pre-competition.?2%®7 As such, this research may contribute to the
advancement of the use of SMT within the chiropractic, osteopathic, physical therapy and
athletic training professions in the treatment of athletes. Additionally, despite research
findings alleging the strength-modulating effects of SMT and numerous professional
athletes’ use of SMT and positive anecdotal claims concerning its seemingly beneficial
results, the physiological processes to explain its effects in this area remain elusive. This
coincides with the fact that while several contemporary models exist pertaining to various
aspects of SMT,**""* 3 clear, comprehensive paradigm does not exist for the
physiological sequelae of chronic intervertebral joint fixation and the corresponding
therapeutic effects of SMT." The results of this endeavor may serve to add another
dimension to what is known regarding the physiological results and significance of SMT,
which may help further promote the creation of such a model. The lack of understanding
in this area is a problem because complete understanding of the treatment’s effects may
result in the implementation of new, more effective protocols by various clinicians. In
addition, this knowledge may lead to a change in the frequency and/or timing of the
procedure’s inclusion in athletes’ training regimens to possibly enhance the
neuromuscular effects of strength and conditioning programs and ultimately, athletic
performance.

Purpose

This work was completed to investigate effects of SMT in a college-aged sample
population by focusing on strength modulation to compare to previous studies and CNS
excitability changes to add to neurological effect. This was accomplished with two
experiments.

The first study
The first investigation examined the effect of manual, HVLA spinal

manipulations targeting the lumbar spine and/or sacroiliac joint on concentric force
production of the knee extensors and flexors measured with an isokinetic dynamometer.
It was hypothesized that statistically significant differences in peak torque generation
during MVVC/MVICs post-treatment would occur comparing the two treatments of SMT
or a sham manipulation. This knowledge is important because it provided sound



instrumentation by incorporated isokinetic dynamometry, the most reliable strength
measurement method.”® In addition, the topic addresses the growing presence of SMT in
athletics, apparent in numerous sports organizations including the U.S. Olympic
Committee (USOC). The fact that Michael Reed, DC, DACBSP was hired by the USOC
in 2008 as one of the medical directors of the Sports Performance Division further
warrants this type of investigation. Most recently at the Sochi 2014 Games, six
chiropractors were included among the sports medicine staff, alongside the physical
therapists and physiatrists also likely to deliver SMT. Furthermore, Bill Moreau, DC,
DACBSP, CSCS oversees the delivery of healthcare to elite athletes by fulfilling the role
of USOC managing director of the sports medicine division in the three U.S. Olympic
Training Centers.”’

This study was also innovative because only isometric contractions post-SMT
have been measured in the literature; no information presently exists in relation to
strength changes after spinal manipulation measured during dynamic contractions. The
results can also be added to the studies which recruited a healthy
population,3*384247:493054.55 \ hich js important because a symptomatic population is
commonly tested in the manual therapy literature. However, the results of the first
experiment revealed that SMT did not give rise to a statistically significant strength-
modulating effect on either isometric or isokinetic strength. Yet, similar studies on SMT
in the manual therapy literature and athletes’ positive anecdotal claims concerning the
treatment’s performance enhancing effects provide reasons to further investigate the
possible-strength modulating effects of SMT. Increased CNS activity, reported to occur
following SMT and thought to possibly increase the efficacy of PAP,% may create an
effect that can be demonstrated in a resistance-trained sample population that did not
occur with the largely recreationally active subjects in the first study. The most likely
explanation is the relatively greater amount of Type IIx fibers found in the resistance-
trained participants. Therefore, the second experiment was performed to look deeper into
CNS function while including stricter inclusion criteria and greater subject homogeneity.

The second study

The goal of the second experiment was to increase the current knowledge base
regarding the neurophysiological effects of SMT by expanding on the results of the first
experiment with a sample population in the same age range. This was completed through
the determination of changes in excitability and resulting neural drive to muscle, using
PAP as a tool, measured by the H-Reflex. The central hypothesis was that the posited
neurophysiological effects of SMT may work synergistically with a commonly proposed
PAP mechanism of increased neural drive to the muscle following the subsidence of
fatigue post-contractile activity. Specifically, SMT delivered to the lumbosacral region
would create a neurological effect of significantly increased spinal reflex excitability.
This increase would result in enhanced potentiation of the gastrocnemius/soleus complex
following voluntary contractile activity compared to potentiation resulting from
contractions alone. Enhanced PAP would be reflected by an increase in electrically-
evoked isometric twitch torques during tibial nerve electrical stimulations. It was thought
that concurrent alterations in motor unit recruitment would occur, as measured by
increased H-reflex peak-to-peak EMG amplitudes. This hypothesis was formed based on




similarities in the mechanisms reported to contribute to the neuromuscular effects of both
SMT and PAP in the manual therapy and exercise science literature. It has been found
that PAP enhances H-reflex amplitudes post-conditioning activity, which would in turn
indicate an increase in the firing rate of action potentials to the contracting muscle.®®
Inferences will be made from these measurements of isometric twitch torques and EMG
amplitudes regarding the further possibility of increased power generation during the
performance of explosive activities such as sprinting, jumping and throwing. PAP has
been shown to occur in resistance-trained subjects and to the greatest degree in elite
athletes.”® Given the widespread utilization of SMT by professional athletes, it is possible
that the delivery of SMT immediately preceding resistance training may induce a greater
neural contribution to PAP than what would otherwise occur after muscular contractile
activity. To determine the possible likelihood of this occurrence, measurements of
physiological activity, such as the H-reflex, are necessary to establish valid conclusions.

The knowledge gained from this experiment is important because it addresses the
fact that the physiological processes underlying the efficacy of SMT are largely
undetermined in both the clinical and athletic populations. One factor contributing to this
limitation is that all of the published research incorporating H-reflex EMG recordings
post-SMT in both symptomatic and asymptomatic subjects have been performed only
under resting conditions.”® Each of these studies have also reported attenuation of CNS
excitability for less than one minute post-SMT. However, the H-reflex has never been
used to measure the possible neurological effects of SMT on PAP, with possible
implications for a greater increase in power production compared with repeated
measurements of contractile activity which do not include SMT. In light of other
neurological findings derived from different forms of instrumentation post-SMT, some
revealing increased CNS excitability under resting conditions, it is plausible that H-reflex
EMG amplitudes and concomitant motor neuron recruitment after this minute time frame
will be augmented immediately following a conditioning activity to induce PAP.

Enhanced H-reflex amplitudes revealing increased CNS excitability and resulting
neural drive to the muscle have been cited as evidence for potentiation following
resistance exercise of moderate to heavy intensity.*® Previous studies on the effects of
SMT on spinal reflex excitability under resting conditions have revealed fairly consistent
responses in EMG amplitudes within one minute of treatment. Specifically, a transient
decrease has been reported to occur in H-reflex EMG amplitudes post-SMT. It is not
known, however, if the inclusion of a conditioning activity during the average minute of
attenuated H-reflex EMG amplitudes post-SMT will result in the further modulation of
spinal reflex excitability. Therefore, this research would not only address the gap in the
literature pertaining to the effect of paired SMT and muscular contractile activity on
spinal reflex excitability, but would do so through a novel combination of the fields of
manual therapy and exercise science with the measurement of PAP. Thus, increased H-
reflex amplitudes correlated with greater plantar flexion torques produced during the
muscular twitches evoked during the tibial nerve electrical stimulations may reveal a
synergistic effect of SMT with the CNS-related mechanisms believed to contribute to
PAP. A repeated measures design to compare the temporal factors of H-reflex amplitudes
resulting from an MVIC post-lumbosacral SMT with the MVIC only will yield



information on this possible outcome. These results are expected to increase
understanding of the neurophysiologic effects of SMT, with specific regard to the
possible enhancement of power production in explosive athletes.

Finally, only a few studies of PAP**®*®* have utilized concurrent measures of
neurophysiological potentiation and mechanical performance, and it has been suggested
that more work is needed to measure both factors.®® A recent meta-analysis’® revealed
that the potentiating effects of prior contractile activity occur in a resistance-trained
population, and most prominently in elite athletes. This conclusion further substantiates
the need to test the PAP-generating effects of a MVIC with and without SMT in at least a
resistance-trained sample population; this requirement is especially apparent when
considering that recreationally active subjects have been most commonly tested in
previous experiments of PAP. It is hoped that in addition to the possible advancement of
knowledge in the fields of manual medicine and exercise physiology, that greater
collaboration between the two will be promoted. The resulting possibility of continued
related research may ultimately provide clinicians and athletes with a novel method of
incorporating SMT within training regimens and pre/post-competition.



Chapter 2: Review of the Literature

Introduction

As with any therapeutic intervention, a complete understanding of the effects of
spinal manipulation necessitates an initial inspection of the condition being treated.
Therefore, the purported negative effects of chronic intervertebral joint hypomobility
shall serve as the first of five primary topics within this literature review. Emphasis will
be placed on clinical identification and hypothesized consequences of spinal joint motion
restrictions, such as aberrant afferent information and joint dysafferentation. The
ameliorative effects of SMT on intervertebral joint restriction then follows as the second
aspect, with a review of the proposed primary and secondary events of this chronic
condition, as well as other effects documented in the manual therapy literature.
Accordingly, the third topic is instrumentation and measurement of the effects of SMT,
with special consideration of reported changes in H-reflex amplitudes subsequent to
treatment delivery. The fourth main topic, PAP, serves as a transition to the possible
strength-enhancing effect of SMT. Following a review of the most commonly proposed
physiological mechanisms of PAP will be a discussion of how SMT may influence PAP.
Within this fifth primary aspect, the possible enhancement of strength, PAP, and/or
explosive athletic performance is explained in light of various results from clinical
investigations of SMT.

Intervertebral joint hypomobility
Clinical identification

Restricted spinal motion has been referred to by numerous synonyms, such as
vertebral dyskinesia, neuroarticular dysfunction, segmental vertebral hypomobility, spinal
kinesiopathology and manipulable lesion.™® A definition of joint fixation set forth by
Peterson and Bergmann is “The state whereby an articulation has become temporarily
immobilized in a position that it may normally occupy during any phase of physiologic
movement; the immobilization of an articulation in a position of movement when the
joint is at rest or in a position of rest when the joint is in movement.”** This condition is
theorized to have numerous causes, such as physical trauma, intervertebral disc
degeneration, congenital factors, muscular imbalances, emotional tension, chronic
postural stress and fibrous adhesions that develop in and around the joint complex as a
result of chronic intersegmental hypomobility.}® This state of a mechanical restriction
is often followed by a reflexive increase in muscle tone contiguous with the vertebral
segment. Evaluation of intervertebral joint fixation is conducted following a thorough
case history, a complete physical examination incorporating an orthopedic and
neurological evaluation in addition to other examination methods if indicated, such as
diagnostic imaging (plain film radiograph, MRI, CT) and occasionally, laboratory tests
(such as a blood chemistry panel and complete blood count with white blood cell
differential). These procedures not only support or refute the differential diagnoses, but
also serve to rule out contraindications to SMT when devising the treatment plan. The
clinician then assesses the region of complaint using methods of observation and
palpation to detect the manipulable lesions. These procedures most commonly include
postural and gait observation, soft tissue and osseous palpation, and global range of
motion (ROM) and segmental ROM testing.® Static palpation is employed for detecting




malpositions, anomalies, landmarks and tenderness. The mobility of the joints are
evaluated with motion palpation, in which restrictive barriers to movement within the
joint’s active ROM and the end range of passive motion are identified."

The characteristic palpation findings which indicate uncomplicated joint
hypomobility and associated dysfunction are provocation of pain, abnormalities in
alignment, abnormal resistance to joint movement and altered tissue texture. Peterson and
Bergmann have classified the five diagnostic criteria for the identification of joint
fixation with the acronym PARTS: pain and tenderness, asymmetry, altered ROM,
abnormality of tone, texture, temperature and tenderness and also special tests (such as
leg length evaluation or radiographic examination)." Vertebral misalignment is then
designated according to a listing system based on a static or dynamic description of the
restriction relative to the inferior vertebra of the intervertebral segment. For example, a
vertebra could statically be listed as PLI, meaning the spinous process has shifted
posterior, left and inferior of center. This is analogous to a dynamic motion listing of a
left rotation and right lateral flexion restriction.! However, numerous studies have
revealed low inter and intraexaminer reliability of static and motion palpation of various
regions of the spine;* yet, validity has been shown to be high,** as well as sensitivity and
specificity in identifying a painful segment in subjects with uncomplicated back pain.*
While this can be a limiting factor in research, the clinical application of palpation is
different, being one aspect of a holistic, multi-faceted approach to the patient/subject
evaluation. This is because in clinical practice, static and motion palpation are not
performed in isolation, but as two of several steps in concert with the previously
described diagnostic procedures that all contribute to the overall clinical impression. For
example, the combined presence of myofascial trigger points within the scalenes, upper
trapezius and levator scapulae muscles, forward head carriage, scapular protraction,
hypertonicity of the pectoralis and upper trapezius muscles and weakness of the deep
neck flexors, lower trapezius and serratus anterior are commonly associated with
restrictions in the cervicothoracic region of the spine, in agreement with Janda’s Upper
Crossed Syndrome.*® As a result, the application of SMT to vertebral segments
specifically identified as restricted within this region is more justified than being based
simply on palpation findings, as what commonly occurred during previous reliability
studies.®® Depending on the individual patient’s case, the manipulation would commonly
be delivered in conjunction with other in-office procedures, including modalities (such as
therapeutic ultrasound, interferential current, thermotherapy/cryotherapy), myofascial
trigger point release and passive/PNF stretching, and home care recommendations such
as corrective exercises, stretches, postural retraining and nutritional guidance.

Hypothesized effects

Daniel David Palmer, the founder of the chiropractic profession, introduced the
neurodystrophic hypothesis as one of the earliest perspectives concerning the effects of
intervertebral joint hypomobility.?” Dr. Palmer proposed that neural dysfunction arising
from spinal nerve impingement within a fixated vertebral segment is harmful to visceral
organs and other tissues, and may in turn negatively affect immune responses and alter
the autonomic function of the involved nerves.>®” However, in contrast to the earliest
theories of Palmer, direct osseous nerve compression does not occur when the diameter




of the intervertebral foramen (IVF) is partially decreased as a result of intervertebral
hypomobility.”® This is especially apparent in the lumbar spine, where the largest IVF
widths are located. Nonetheless, the nerve roots, dorsal root ganglia and recurrent
meningeal nerves are in fact vulnerable to foraminal encroachment instead from the
areolar and adipose tissues that surround these structures. Spondylosis can cause this
otherwise supportive meshwork to compress these structures within itself and against
transforaminal ligaments. This condition includes disorders such as osteoarthritis and
bulging discs,*® which result in degenerative changes such as osteophyte formation,
articular cartilage deterioration and adhesion formation, leading to progressive
immobilization of the joint complex.

The immobilization of the joint from a chronic intervertebral joint motion
restriction has been theorized to cause similar degenerative effects, particularly in regard
to the cartilage of the vertebral articulating surfaces and facet joint capsules, thus also
possibly leading to foraminal encroachment.'® This concept is important because the
spinal nerve roots have less protective epineurium compared to peripheral nerves. As a
result, it is likely that the nerve roots within the IVVF are susceptible to compression from
any source of compromised biomechanical integrity of the joint complex.*®%
Mechanical irritation may lead to an inflammatory reaction, possibly producing noxious
stimuli along the segmental distribution of the nerve root.'*® In addition, decreased action
potential propagation has been shown to occur in varying degrees as a result of
compression, torsion, stretching or angulation of the nerve root from the foraminal
encroachment or fibrous adhesion formation of a an intervertebral segment.*® Altered
sensory input from affected joints, ligaments, tendons and muscles of the involved joint
segment also have been shown to affect reflexive efferent neural conduction.'%%%

The contemporary hypotheses regarding the aforementioned effects of restricted
spinal motion on nervous activity (primarily concerning mechanical back pain) are
numerous. These concepts include Gillet’s Fixation Theory,” Mennel’s Joint Dysfunction
Theory,'®” Seaman’s model of joint dysafferentation’® as well as Faye’s five-component
model” and Lantz’s hierarchical nine-component model of joint fixation.'® Osteopathic
physicians refer to this state as acute and chronic somatic dysfunction, defined as
“Impaired or altered function of related components of the somatic (body framework)
system: skeletal, arthrodial and myofascial structures, and their related vascular,
lymphatic, and neural elements.”** Other investigations of the maladaptive effects of
intervertebral hypomobility have been conducted by investigators such as W.

Herzog, %! H. Haavik,'#**® B. Murphy,**#™° J. Burke #¥**" J. Dishman®-%"*!8 and J.
Pickar."*?° From these authors’ studies, it may be deduced that intervertebral
hypomobility negatively influences neural functioning by inciting aberrant
mechanoreceptive, afferent activity within the CNS, and promoting concurrent
dysafferentation of mechanoreceptors and nociceptors within the intervertebral joint
complex.

Aberrant afferent information
According to the clinical results of several authors, such as I.M. Korr, restricted
spinal motion can affect reflex responses of the segmentally innervated structures. Korr’s




experiments demonstrated that increased nerve excitability and sustained hypersensitivity
of afferent nociceptors were correlated with palpable movement restrictions in the
spine.'® Korr also reported consistent increases in galvanic skin response measurements
at specific vertebral levels that he called the facilitated (hyperactive) segment. 10422124
Korr theorized that an increase in gamma motor neuron activity resulting from the
dysfunctional intervertebral joint complex causes a reflexive increase in aMN activity,
resulting in hypertonicity of the associated musculature.*® The concept is mirrored in the
pain-spasm-pain cycle proposed by Travell et al.,"?® in which chemosensitive nociceptors
from group 111 afferents (A fibers) and group IV afferents (C fibers) presumably have an
excitatory effect on the efferent gamma motor neurons. This increases the sensitivity of
the intrafusal fibers to stretch and thus increases the activation of the aMNs, which
perpetuates the continuation of the cycle.***!%

Additionally, Haavik and Murphy have proposed that “altered afferent feedback
from an area of spinal dysfunction alters the afferent ‘milieu’ into which subsequent
afferent feedback from the spine and limbs is received and processed, thus leading to
altered sensorimotor integration of the afferent input, which may be responsible for
maladaptive central plastic changes.”***** Seaman'® and Pickar'?° have also identified
that this altered afferent information arises from proprioceptive structures of the
dysfunctional segment such as the facet joint capsule, dorsal root ganglion, intervertebral
disc and muscle spindles and golgi tendon organs of the instrinsic muscles of the spine.
Because of the rich supply of mechanoreceptive and nociceptive afferent input from these
structures within the intervertebral motion segment,*?® abnormal intervertebral
biomechanics as a result of hypomobility may result in pain due to in increased
nociception and decreased mechanoreception.*'%

Joint dysafferentation

The concept of joint dysafferentation was proposed by Seaman to describe
abnormal afferent input as a result of chronic joint restriction, involving a decrease in the
activity of large diameter mechanoreceptor afferent fibers coupled with a simultaneous
increase in activity of nociceptive fibers.'*®'?” Seaman also investigated biochemical
properties to further assert that nociceptors are irritated by mechanical insult (resulting
from macro or microtrauma, including joint restriction) and pro-inflammatory molecules
(such as prostaglandin E-2, leukotriene B-4, histamine and bradykinin.”® Further details
of this concept centered on the process of associated nociceptive input from A-delta and
C-fibers entering the spinal cord and causing excitation of interneurons originating in the
dorsal horn. The sequelae include local and/or sclerotogenous pain referral patterns and
the production of autonomic symptoms such as the excitation of visceral afferent neurons
and somatic efferent neurons. Together this would allegedly produce sympathetic
vasoconstriction and reflexive muscle spasm.'® The possible end result is local tissue
vasoconstriction and muscle spasm, which may contribute to a reduction in joint
mobility. Local nociceptors may be further irritated by this muscle spasm and increased
sympathetic stimulation, creating even greater spasm and vasoconstriction. Seaman
concluded that as the joint in question becomes more hypomobile, it is probable that the
various biochemical and kinesiological components of the maladaptive process will
become more prominent and lead to greater irritation of local nociceptors.*?’
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Chiropractic and osteopathic theory assert that chronic inflammation and
hypertonicity of the musculature contiguous with the fixated vertebral segment may
result in progressive immobilization of the segment with a compensatory hypermobility
of the adjacent segments. %% It is documented that the degenerative effects of
immobilization of an intervertebral joint complex include factors such as decreased disc
height (from water released from proteoglycan molecules) and connective tissue fibrosis
which stimulates abnormal cross-linking and a concomitant loss of elasticity, ultimately
leading to pain and decreased ROM.? Nonetheless, several authors (such as Haavik and
Murphy'?®) have further explained that the specific results of their studies which included
SMT as a treatment intervention serve as various singular components of the multi-
faceted mechanism of HVLA SMT in the amelioration of several of the theoretical
negative effects of intervertebral hypomobility.

Effects of spinal manipulative therapy on intervertebral joint hypomobility

SMT has been purported to relieve a number of the aforementioned effects
through several means, with the primary goal of increasing joint mobility and possibly
improving neurological functioning in restricted vertebral and extremity joints in which
contraindications to manipulation are not present.'?® The components of this dynamic
mechanical stimulus most relevant to the current study have been classified by several
authors!0#119120130.13% 4 primary/direct and secondary/indirect events. Primary refers to
a response resulting directly from the abrupt change in neural activity stimulated during
the manipulative impulse. A secondary response stems from a change in spinal
biomechanics caused by the manipulation.*®19120

Primary and secondary events

Nociceptive input is only registered in the brain as pain if it reaches the thalamus
via the fasciculus cuneatus/gracilis of the spinothalamic tract and then is processed in
other brain regions, namely the somatosensory cortex and limbic system.**? The majority
of nociceptive signals do not reach the thalamus due to several “closed gates” within the
spinal cord, as described by Melzack and Wall** in the gate control theory of pain. The
theory further expounds that noxious stimuli triggers an increase in afferent non-
nociceptive signals within the dorsal horn of the spinal cord that inhibits synaptic
transmission of pain signals, most commonly from C-fibers, from reaching the
thalamus.®* Accordingly, it has been extensively reported that the impulse during HVLA
SMT stimulates a barrage of non-nociceptive input from large diameter, myelinated
Group 11 afferent fibers.>**>12813 Concerning the primary events of SMT, this afferent
barrage within the CNS is theorized to be a result of the HVLA thrust during the
manipulation stimulating the mechanoreceptors located within and around the
intervertebral joint complex.'?®**® Consequently, the clinical function of SMT may in
part be attributed to its likely role of modulating the pain gate mechanism in the dorsal
horn by decreasing the amount of nociceptive signals that reach the thalamus in
musculoskeletal complaints. During the manipulation, both groups of mechanoreceptive
afferent neurons (Ia, Ib, and II(AP) fibers) are presumed to respond. This is because their
mechanical thresholds are less than 20-30N,*" and the average force imparted during
manual SMT targeting the thoracic or lumbopelvic spine has been affirmed by Herzog to
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be approximately 400 N,*** and by Pickar to occurr in <150 ms with an amplitude of
<3 mm.llg

The hypoalgesic effects may be linked with a transient decrease in reflexive aMN
activity documented in several studies post-SMT, indicating a relaxation
response.®®!1°1%® These reported findings are in contrast with facilitated (hyperactive)
reflex responses recorded during muscle hypertonicity** or experimentally-induced
pain,'“° revealed by shortened latencies of reflexive EMG amplitudes recorded during
tendon taps and/or H-reflex electrical stimulations. This transitory relaxation response
creates a possible explanation for several studies’ reported increases in pain thresholds
post-SMT, measured from various experimentally-induced nociceptive input, including
thermal,=%**1% mechanical (pressure),”"**%*** chemical’* and electrical stimuli.'%®
The afferent barrage immediately post-SMT has also been found to also stimulate the
endogenous opioid system,**® such as the release of enkephalins from the periaqueductal
grey within descending pathways of the CNS.*°

Korr further postulated that spinal manipulation increases joint mobility by
evoking a bombardment of afferent impulses from proprioceptors, such as intrafusal
nuclear bag fibers along the la reflex pathway, thereby suppressing facilitated gamma
motor neuron activity and restoring normal muscle tone.™’ At the same time, the
stretching of the local musculature to theoretically silence the facilitation of the
segmentally-related spindle reflexes may decrease the state of hypertonicity and pain-
spasm-pain cycle.’® This amelioration of vertebral kinematics following SMT may be
the result of releasing impinged intraarticular synovial folds, breaking up adhesions,*
diminishing distortion in the intervertebral disc, and/or by gapping of the facet
joints,**¥1% which may increase the ROM of the restricted joint.*®* In addition to the
mechanical stimulus during the delivery of SMT, the subsequently improved
intervertebral joint motion may also down-regulate the gain of the muscles spindles of the
joint complex in the la reflex pathway.?®%>%1%> Consequently, the intervertebral motion
segment is better able to respond to the demands of body movement, and thus the state of
hypertonicity is decreased.

Neural responses occurring secondary to the biomechanical changes may be due
to normalized transmission within the afferent axons (compared to the previously
facilitated state). These changes have been suggested to occur at the receptive endings
and/or along the transmission pathways from these afferent nerve endings.**®
Furthermore, afferent signals from chemoreceptors may also be altered by the
manipulation, as the restoration of normal articulation of the joint surfaces may reduce
possible inflammatory conditions resulting from chronic joint fixation.*®

Other effects

Other effects following SMT have been documented by Haavik and Murphy,
including differences in sensorimotor integration and motor control #1116
Sensorimotor integration, which occurs within the CNS, is the coordination of afferent
information from different parts of the body with the motor system to control
movement.}***'> As such, several implications regarding the neurological effects of SM
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may be drawn from their studies. One example is that sensory evoked potential (SEPS),
the ratios of which reveal the assimilation and organization of afferent input from
different levels of the somatosensory system, have been shown to reflect decreased
filtering efficiency in subjects with neck pain or musculoskeletal disorders.*®® These
authors and others have reported that ratios recorded following SMT of dysfunctional
cervical segments in several experiments reveal an earlier integration of input, and thus
an enhanced ability to filter sensory imformation.>*4**> More specifically, among the
cortical SEP amplitude peaks measured, the N30 peak is thought to be indicative of a
complex cortical and subcortical pathway that connects brain regions such as the basal
ganglia, thalamus, pre-motor areas and primary motor cortex.**® Accordingly, the widely
accepted functional application of the N30 peak is as an indication of sensorimotor
integration.'®” Functionally, this implies that the amelioration of cervical intervertebral
hypomobility via SMT can alter cortical reception and integration of sensory information
from the upper limb with concomitant motor functioning. This premise has been
demonstrated by two other experiments by the same authors, who further deduced that
manipulating restricted cervical intervertebral segments positively influences cortical
motor control of the upper limb. This was further hypothesized to be accomplished by
altering pain-induced maladaptive central plastic processes by affecting inhibition and
facilitation of intracortical processes.**>%® These results were registered the by
modulation of SEP peak amplitudes from the stimulation of the median and ulnar nerves
after cervical spine SMT**® (via the brachial plexus). The implications for enhancing any
of the seven skill-related components of physical fitness*®® are thus still speculative, yet
considering these brain regions, the inclusion of full-spine manipulation may have the
potential to augment whole body coordination.

Another example is provided by experiments that have demonstrated changes in
feed-forward activation (FFA). FFA is the action of the CNS to recruit appropriate
postural muscles of the trunk in order to provide the stability necessary for distal
movements, such as throwing a ball.*” Delays in feedforward activation have been
shown to occur in chronic low back pain patients, which is believed to negatively
influence postural stability.!”**? Accordingly, experiments conducted by Marshall and
Murphy!™**™17 analyzed EMG onset times of trunk musculature such as the transversus
abdominis, internal oblique and erector spinae of the thoracolumbar and lumbar regions
during rapid, distal movements in healthy*"® and low back pain" subjects. In subjects
who presented with baseline measurements of delayed FFA, the onset latency
(implicating inefficient postural sway) was significantly reduced after SMT to the side of
dysfunction.'™® A prospective experiment by the same authors*™* revealed that subjects
presenting with chronic low back pain who received an extended course of SMT and/or
exercise continued to demonstrate comparatively decreased delays in FFA times versus
those who only performed exercises at a follow-up six months later.!”® Nonetheless, B.
Murphy suggested that plastic changes in sensorimotor integration within the CNS were
likely to have occurred in these experiments and other related studies with different
response variables. In agreement with other authors,*2%1% jt was concluded that it is
currently unknown if these observed changes were due to the restoration of the
biomechanical integrity of the fixated intervertebral joint complex or merely a
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consequence of the afferent bombardment in the CNS from the proprioceptive structures
stimulated by the high velocity, low amplitude thrust.

An additional alleged effect of SMT on intervertebral hypomobility is the
reduction of muscle inhibition. Five studies employed the interpolated twitch or burst
superimposition technique to examine the effect of SMT in symptomatic subjects on
inhibition of the quadriceps after lumbar® and sacroiliac joint manipulations®*" as well
as the elbow flexors post-cervical manipulation.*® In the fifth study, healthy subjects were
used to measure quadriceps inhibition following lumbopelvic manipulation.** Torque
measurements during all five investigations were recorded during a MVIC with an
isokinetic dynamometer or a load cell. Accordingly, four of the five studies®*3¢:374
revealed a decrease in inhibition as per decreased force deficit post-SMT. However, the
study measuring biceps brachii inhibition* did not have a control group and the
experiment focusing on the lower trapezius* measured force with a handheld
dynamometer.

A possible explanation for the reported decrease in quadriceps inhibition
following SMT*** lies in the results of an experiment by Indahl et al.}”® on the effects of
porcine (pig) zygapophyseal (facet) joint saline injections. The authors recorded
decreased muscle activation in the paraspinal muscles during joint distention, and
speculated that the stretch of the facet joint capsule caused excitation of an inhibitory
interneuron and thus a transient, reflexive inhibition of aMN activity. This mechanism
arising from the facet joints may be related to the autonomic neural activity and
relaxation response postulated to occur during SMT from stimulation of all of the
mechanoreceptive structures of the intervertebral joint complex, provided that the facets
actually gap during the HVLA manipulation. The delivery of SMT to vertebral and
extremity joints is often accompanied by an audible cracking sound, termed a cavitation.®
This sound is attributed to the release of vapor and gas bubbles within the synovial fluid
resulting from the local reduction of pressure.” Cavitation is thought to be a result of
facet gapping at the end range of passive joint motion during the impulse of the
manipulative procedure. This indeterminate issue of facet gapping during HVLA SMT
has been addressed by Cramer and colleagues with six studies.****®% In each manuscript,
lumbar zygapophyseal joint spaces were measured with magnetic resonance imaging
(MRI) after side posture SMT in both healthy and low back pain populations. It was
concluded from each of the endeavors that greater separation of the lumbar
zygapophyseal joints occurred after side-posture SMT compared to what occurred in
subjects placed in a side-posture position without SMT. Of course, this concept can only
remain hypothetical until many more future related studies yield the same results in
different spinal regions and with other subject populations.

Additional findings supporting the theory that SMT induces intervertebral motion
and ensuing neuromuscular reflex responses in the segmentally innervated musculature
are provided by an in vivo study by Colloca, Keller and Gunzberg.*’® During a
laminarthrectomy to reduce spinal stenosis at various levels (all including L5/S1), four
patients’ vertebral motion and electromyographic responses to mechanically assisted,
short-lever SMT with the hand-held Activator 11 Adjusting Instrument were measured.
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These recordings were completed with an accelerometer mounted to the spinous process
and indwelling electrodes placed bilaterally in the multifidus musculature and curved
around the spinal nerve roots. Two instrument force settings (the low setting delivered
approximately 30 N and the high setting delivered approximately 150 N, both with a
duration of less than 5 milliseconds (ms)) and two impulse vectors (posterior-anterior
superior and posterior-anterior inferior) were utilized. The impulses were administered to
the skin overlying the sacral base and L5-S1 facet joints as well as directly to the osseous
structures when exposed. It was reported that the 150 N impulses applied internally to the
facet joints and externally to the overlying skin both similarly produced the greatest mean
axial displacement of nearly 0.25 mm. In addition, positive EMG amplitude changes in
the multifidus muscles and compound action potential responses of the nerve roots were
both recorded with a duration of several milliseconds. Despite variation in the latency and
magnitude of reflexive EMG activity arising from the rapid vertebral displacement during
the impulses, neurophysiological responses were registered in all four patients. The
authors concluded that the magnitude of transient neurological responses to the
manipulative impulse were associated with the amount of force (30 N or 150 N) and
reactive vertebral motion.

An overall summary of the proposed effects of intervertebral joint hypomobility
and the possible amelioration of these effects by SMT has been illustrated by Haavik and
Murphy'? in Figure 1 below. Reprinted from the Journal of Electromyography and
Kinesiology, Volume 22, Haavik H and Murphy B, The role of spinal manipulation in
addressing disordered sensorimotor integration and altered motor control, pp. 768-76,
Copyright 2012, with permission from Elsevier (license # 3678350421344).
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Figure 1. (a) Diagram depicting a simplified view of the proposed effects of spinal
dysfunction, leading to altered sensorimotor integration which over time in some
susceptible individuals may lead to pain and gross dysfunction. (b) Schematic view of
proposed effects of spinal manipulation leading to normalization of afferent input and
restoration of appropriate sensorimotor integration and function.
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Instrumentation and measurement of the effects of spinal manipulative therapy
Experimental findings pertaining to the neurophysiological effects of SMT have
been derived from six forms of measurement, using symptomatic and asymptomatic
subject populations. Symptomatic participants are defined by individual studies’
inclusion criteria, and generally include those with mechanical back or neck pain
occurring without serious comorbidities such as bone and joint diseases, cancer or
fracture. These measures include electromyography (EMG),*"" 8 twitch interpolation
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motor evoked potentials (MEP), sensory evoked
potentials (SEP), 31818 nain sensitivity measures’'4103:130141-153154 g the H-reflex.”™"
% EMG is the recording and analysis of myoelectric signals during the depolarization and
repolarization of the sarcolemma, which can be acquired during rest and contractile
activity with surface and indwelling electrodes.'®” T is the application of a supramaximal
electrical stimulus to a peripheral nerve to assess the extent of skeletal muscle activation
during a voluntary contraction. MEPs are produced within the spinal cord and peripheral
muscles by transcranial magnetic stimulation (TMS) of the motor cortex and measured
with EMG or evoked potential equipment.*® In addition to several clinical uses, such as
an intraoperative neurological monitoring, the generation of MEPs is used in
kinesiological research to evaluate CNS excitability and sensorimotor integration of
afferent input resulting from treatments such as SMT.*® SEPs are measurements of the
function of the somatosensory system by applying an electrical stimulus to peripheral
nerves and measuring the latency of the impulses generated by the stimulus with scalp
recording electrodes.* Like MEPs, SEPs are also useful for measuring changes in
sensorimotor integration.*™ The fifth method is the assessment of changes in pain
sensitivity following the use of different types of stimuli, such as thermal, chemical and
pressure.'® Changes in pain pressure thresholds were most commonly used in the studies
examining the effects of SMT. The sixth method is the H-Reflex, which differs from the
tendon-tap spinal stretch reflex in that it is induced by stimulating the peripheral nerve
without the involvement of the muscle spindle. As a result, it can assess changes in
monosynaptic reflex activity in the ventral horn of the spinal cord, giving an estimate of
CNS excitability. This measurement can therefore be utilized to determine the response
of the CNS to SMT at the spinal level. The information gathered may provide insight into
possible neurologic contributions to exercise responses such as PAP, but not direct
inferences since changes in myosin head positioning and calcium sensitivity of troponin
are not measured.

An important consistency is apparent in the results of experiments utilizing TMS,
EMG and the H-Reflex to measure responses to SMT. MEPs recorded from TMS post-
SMT in two studies indicated no change in amplitudes in neither symptomatic*®® nor
asymptomatic'®® participants. Conversely, in two studies by Dishman and colleagues in
2002"" and 2008, a transient increase in aMN excitability occurred post-SMT in
asymptomatic individuals. Haavik and Murphy reported similar findings,********¢ and
attributed the facilitation of MEPs post-SMT to altered sensorimotor integration due to
plastic changes in CNS processing of proprioceptive input. Although the results of MEP
modulation post-SMT are still inconclusive, SMT may nonetheless have the potential to
increase CNS excitability. The studies utilizing EMG post-manipulation revealed either
no change or a decrease in amplitudes in resting muscle activity, depending on if the
tissue was hypertonic pre-intervention. However, significant increases in EMG
amplitudes were recorded during a back extension MVIC in symptomatic subjects
(individuals with mechanical low back pain).** In addition, similar increases in muscle
activation or strength were reported in three of five studies which investigated the effect
of SMT on muscle inhibition.3**"%¢ Although these EMG results during voluntary
activation are reported in only four studies, the investigations have revealed that SMT
may be able to increase the EMG amplitudes of working muscle post-treatment.
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Spinal manipulative therapy and the Hoffmann Reflex

The H-reflex studies revealed decreased amplitudes post-SMT for varying lengths
of time. The transient attenuation of alpha motor unit activity occurred consistently
within the asymptomatic populations, with amplitudes returning to baseline within one
minute.®*®*3%7 However, one study reported that within the symptomatic populations,
amplitudes would also decrease and then return to +/- 25% of baseline (also within one
minute).®* It must be noted that two studies®®® did not include a control group that did
not receive SMT. The results instead were derived by comparison of SMT delivered to
different spinal regions or between different forms of SMT. Nonetheless, the clinical
significance of the attenuation of surface EMG amplitudes in both groups is not
understood, and seems paradoxical in relation to the other two methodologies of TMS
and EMG. So to put the overall effects of SMT in perspective on a basic level: MEPs
have registered increased CNS excitability, EMG revealed no change or a decrease in
amplitude at rest and in some cases an increase with activity, and the H-Reflex
demonstrated a transient, segmental attenuation of aMN activity at rest. What is not
known, however, is the H-reflex response after SMT with the incorporation of voluntary
motor unit recruitment during muscular activity. In consideration of the whole person, if
increased excitability has been recorded in both the CNS (at the cortical and spinal levels)
and peripheral nervous system under resting conditions after SMT, then it may be
plausible that the same increase in CNS excitability would be revealed, possibly to a
greater extent, with the H-reflex post-MVC or MVIC as what previously recorded EMG
amplitudes have revealed.

The reasons for the transient decreased H-Reflex amplitudes immediately post-
SMT are not fully understood. One possible explanation is based on the role of inhibitory
interneurons, because the H-reflex response has been shown to be vulnerable to
presynaptic inhibition of la afferents that intervene in the reflex response.'%%
Presynaptic inhibition has been attributed to the function of GABA-ergic %
interneurons which synapse directly with the presynaptic terminals of la afferent fibers,
and are thus capable of diminishing the amplitude of the H-Reflex response post-SMT. If
SMT generates inhibition of la afferent fibers by stimulating presynaptic inhibitory
interneurons, then the decrease in the amplitude of the H-reflex response may occur
unrelated to alterations in the excitability of the aMN pool following the manipulation.**’

Studies that were completed primarily by J. Pickar and colleagues*®>*931%
provide insight into muscle spindle stimulation post-SMT. Their work involved
mechanically applied impulses to feline lumbar vertebrae of equal force and duration as
what has been recorded during the pre-load and impulse phases of manually delivered
high velocity, low amplitude SMT. **¥*% Muscle spindle responses were measured from
the dorsal rootlets of the segment manipulated. Afferents were recognized as originating
from muscle spindles located in lumbar multifidus or longissimus muscles based on
several criteria such as their responses to the administration of intra-arterial
succinylcholine and/or to an electrically-induced muscle twitch. As a result, the
mechanical impulse was found to significantly increase the discharge rate of the deep
lumbar paraspinal muscle spindles compared to the pre-load phase. The time course of
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the spindle responses were similar to the results of other reports of H-Reflex attenuation
occurring within the same 60 second range.3*8385%7

An additional consideration is that subject repositioning between the SMT
procedure and H-Reflex testing may cause movement artifacts that authors of several
similar studies®®®® have concluded as significant reflex attenuation results. A study in
2005 by Suter, McMorland and Herzog addressed this issue.®* The authors included H-
Reflex findings from both asymptomatic and symptomatic subjects pre and post-SMT. It
was found that the reflex responses depended on the experimental position of the
measurement. Specifically, within the healthy population, significant changes in motor
neuron excitability were not found when testing and SMT were both performed in the
same side-posture position. However, a significant depression of H-reflex amplitudes
post-SMT was observed in the population with nonspecific low back pain. Nonetheless,
the results of previous studies after repositioning of asymptomatic subjects®*%8" may
not be invalid in view of a more current investigation by Fryer and Pierce®® in which
MEPs and H-Reflex amplitudes were both recorded in the same subject during the
treatment and control interventions of a repeated measures design in which the subjects
were repositioned. The MEP and H-Reflex amplitudes were recorded with the subject
prone, while SMT and the control were both in the side posture position. However, in
contrast to other studies of increased cortical excitability, there was a modest decrease in
MEP amplitudes, while attenuation of H-reflex amplitudes was more pronounced. The
authors postulated that decreases in CNS excitability post-SMT may occur to a greater
degree at the level of the spinal cord than the attenuation that occurred within the motor
cortex. The H-Reflex measurements were taken five minutes post-SMT delivery (after
MEP recordings), and a depression was still evident. This was in contrast to each of the
other related studies which stated that the amplitudes returned to baseline within one
minute, with the exception of Murphy and others.®

Concerning the H-reflex responses of symptomatic populations, these data are in
contrast to an increase in H-reflex amplitudes post-SMT reported by Floman and others’
in subjects diagnosed with an L5/S1 disc herniation confirmed by CT or MRI. Baseline
H-reflex recordings revealed abnormal amplitudes in 13 of the patients. Immediately
following lumbar SMT, significant increases were registered in the H-reflex amplitudes
of these patients. However, in the subjects who demonstrated normal H-reflex responses
pre-intervention, the amplitudes remained the same post-SMT. The authors concluded
that SMT may only modulate abnormal H-reflex measurements.”® In view of these results
on the effects of SMT on H-reflex amplitudes, it may be that motor neuron excitability is
altered post-SMT only in the symptomatic population. In addition, the specific condition
of the symptomatic subjects (nonspecific low back pain® versus L5/S1 disc herniation’®)
may contribute to differences in spinal reflex responses post-SMT. Still, the clinical use
of the H-reflex from these experiments on resting subjects only provides general insight
into the possible effect of SMT on changes in CNS excitability following contractile
activity, such as during PAP induced by a MVIC.
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Postactivation potentiation

Following a protocol involving moderate to high intensity force production such
as a MVIC, squats or counter movement jumps, processes of muscular fatigue and
potentiation occur simultaneously. However, several authors have stated that enhanced
power generation and explosive performance immediately following moderate or high
intensity resistance exercise depend on the balance between the two factors.'*® PAP
occurs instantly post-contractile activity, and when the volume of the conditioning
activity is low with minimal resulting fatigue, immediate performance is slightly
enhanced. For the greatest amount of potentiation to be realized, the contractions must
induce a greater amount of fatigue, but not to such a magnitude that the possibility of
resulting potentiation is diminished. It has been determined from several studies that
effective utilization of PAP requires a rest period between the conditioning activity of
heavy lifting or MVIC and the subsequent, potentiated explosive activity.>® This reported
range varies, depending on the volume and intensity of the activity performed and the
physical conditioning of the subjects.®"®**" In addition, needle biopsies of the vastus
lateralis in a study by Hamada, Sale and MacDougall®* revealed that subjects with a
predominance of I1x muscle fibers displayed greater muscle twitch tension and PAP than
subjects with more Type | fibers after maximal and fatiguing knee extension isometric
protocols. These results, coupled with similar data of other studies®®®® have shown that
PAP may be induced to the greatest degree in activities requiring explosive movements
because of the associated high proportion of Type IIx fibers required for successful
performance.'*®%1% Other studies have supported this conclusion with data that reveal
the greatest PAP response occurring in muscles with the shortest twitch contraction time
and rate of force development.®® This finding may be related to a greater rate of myosin
phosphorylation post-conditioning activity in these athletes®®2% and faster calcium
reuptake by the sarcoplasmic reticulum.*® PAP has also been found to occur to a greater
degree in high level athletes than recreationally active individuals, most likely due to the
athletes’ greater amount of Type I1x fibers.%272%

Conflicting results have been published concerning the potentiating effects of the
most pertinent factors found to determine the likelihood of a potentiated response after
volitional and electrically-induced muscular activity. These factors include conditioning
activity (static or dynamic), intensity (percent of one repetition maximum), training status
(athlete, resistance-trained or recreationally active) and rest periods. Conversely, other
authors have found that heavy resistance conditioning activities did not improve subjects’
performance measured during subsequent activities. These data were collected from
countermovement and drop jump height, % bench press throws on a Smith machine,?*
jump squats®® and also ground reaction forces correlated with explosive push-ups®® and
jump®® and countermovement jump height.”®” To address this matter, two meta-analyses
were recently conducted on the influence of these factors.’®?%

The inclusion of 32 studies by Wilson and colleagues’® revealed that the optimal
rest intervals were different for participants of each of the three levels of training. In
addition, the level of training also influenced the extent of the potentiation, such that
athletes experienced a greater amount than resistance-trained, while
untrained/recreationally active subjects in some cases demonstrated deficits in their
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performance after the conditioning activities. The greatest potentiation occurred within
athletes after rest periods of three to seven minutes. The resistance-trained group,
however, displayed the greatest potentiation with 7 — 10 minute rest intervals. What was
common to all three was that greater potentiation occurred after multiple conditioning
sets as compared to a single set, and completed at moderate intensities (60 - 84% of one
repetition maximum). The authors also concluded that there was no significant difference
between the potentiation induced by static versus dynamic activities,”® as both increase
calcium sensitivity and phosphorylation of myosin regulatory light chains. 60616364
Another meta-analysis, carried out by Gouvea and others®® of 14 studies, focused
specifically on the results of varying rest intervals as measured by jumping performance.
It was found overall that rest times of 0 - 3 minutes brought about a detrimental effect on
jump performance, while 8 — 12 minutes had the greatest positive influence. Despite that
fact that the authors did not distinguish between athletes and trained subjects (considering
them all as one group), their findings are still in agreement with the findings of Wilson
and others’® in regard to resistance-trained subjects.

Postactivation potentiation and the Hoffmann Reflex

Several studies have incorporated H-Reflex recordings to measure
PAP 2092108921190 Enola Hutton and Eldred®' recorded amplitudes from H-Reflex and
tendon tap stimulation in 17 subjects in order to distinguish central and peripheral
contributions to subject responses after 50% and full effort MVICs. The authors found
that over a 50 second period after both contractions, the H-wave displayed a depression,
while excitability was demonstrated after the tendon tap. The mean of both results neared
baseline values at 50 seconds. The authors speculated that an increase in post-contraction
neural discharge and stretch sensitivity of the spindle afferents significantly contributed
to the opposite responses of the two types of stimulation.?*° The subjects did not display
PAP, only a depression in soleus H-reflex amplitudes immediately post-conditioning
activity. However, although PAP occurs immediately, it may not be evident until fatigue
subsides several minutes after the conditioning activity, and may remain up to 18
minutes,®%?! potentiation may have been shown if the authors had measured the H-
Reflex amplitudes for a longer duration. Experimentation by Trimble and Harp?**
revealed a significant overall potentiation of the lateral gastrocnemius in 10 subjects,
which did not reach statistical significance within the soleus muscle. After the
conditioning activity of eight sets of concentric and eccentric plantar flexion measured by
isokinetic dynamometry, it was also found that postactivation depression (PAD) occurred
for 10 — 60 seconds. This depression in the H-Reflex amplitudes lasted for up to three
minutes in the subjects who did not demonstrate PAP, with reflex amplitudes instead
returning to baseline. These results are also in line with previous experiments that assert
PAP occurs to a greater degree in Type I1x fibers than Type 1.606163

H-Reflex amplitudes in the same two muscles were also measured by Gillich and
Schmidtbleicher in 17 subjects,* after 5 sets of 5 second plantarflexion MVICs. Subjects
were classified according to their level of athletic training as either speed-strength
athletes or untrained physical education students. PAD or no change in reflex amplitudes
occurred in a similar time frame as reported by Trimble and Harp,** with potentiation
occurring to a greater degree in the gastrocnemius muscle 4 - 11 minutes after the
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maximal contractions. It was also revealed that between the two groups tested, the
strength-speed athletes demonstrated greater potentiation. In addition, the onset of PAP
varied considerably between subjects, congruent with results of the other related
studies.”?>?!* The most recent investigation was conducted by Folland, Wakamatsu and
Fimland.®® The quadriceps femoris maximum twitch torque, Hma/Mmax ratio and the
associated ratio of twitch torques at Hyax and Mmax Were recorded for 18 minutes in 8
recreationally active subjects after a 10 second MVIC. It was found that the Hyax/Mmax
ratio was significantly potentiated for 5 - 11 minutes following the MVIC, with the
highest values recorded at 5 min. The twitch torque at Hmax Was potentiated from 5to 9
min post and the associated twitch potentiation (the M-wave) was greatest 10 s after
IMVC and remained elevated for 18 min. These results are also consisted with the
minimum three minute delay of PAP that was recorded in the aforementioned studies. It
was also revealed that during the interim between the initial heavy lifting and the
measured response in power output, PAD occurs immediately following the conditioning
activity. This reduction of the H-Reflex has been theorized to be caused at the
presynaptic level by a reduced amount of neurotransmitter® and/or presynaptic
inhibition of la afferents.”"

How spinal manipulative therapy may influence postactivation potentiation

In consideration of all of the neurophysiological effects of SMT postulated to
ameliorate the sequelae of chronic intervertebral hypomobility, several of these clinical
factors may have implications on strength modulation and PAP. These aspects include:
improvement of possibly hampered impulse-based mechanisms of nerve conduction
arising from nerve root compression and inflammation; decrease in muscle inhibition;
and the generation of an afferent bombardment within the CNS from the
mechanoreceptors of the intervertebral motion segment during the HVLA thrust which
may 1) silence facilitated gamma motor neuron activity and restore normal muscle tone,
thus possibly improving ROM and the length tension-relationship of the intrinsic muscles
of the spine, and 2) enhance PAP with a synergistic increase in CNS excitability and
neural drive, resulting in increased aMN recruitment, firing rate and resulting force
generation.

The three primary factors that determine a muscle’s ability to generate force are
the cross-sectional area of the muscle, the number of motor units recruited and the rate of
action potentials fired by the alpha motor neuron.*®>" While SMT cannot alter the first
factor, it may affect motor unit recruitment and frequency of firing through at least one of
the aforementioned aspects. A further explanation includes several factors. First, the
amplitude of the electrically evoked H-reflex is an indication of the number and size of
recruited motor units.*>%** Taking this into account, modulation of H-wave amplitude
with respect to a fixed stimulation intensity and consistent efferent motor response (M-
wave) is suggestive of synaptic modification in the spinal cord. Assuming proper
methodology has been adhered to (particularly the minimization of subject movement
and normalization of the H wave to the M wave amplitude), this occurrence can be
attributed to at least three possibilities. These include a change in motor neuron
excitability, the amount of neurotransmitter released by the afferent terminals and/or type
of motor neurons recruited.®%%#12214215 Accordingly, an increase in reflex amplitude
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resulting from a fixed stimulation intensity indicates an equivalent increase in synaptic
transmission between la afferents and aMNs of the segmentally innervated muscle.
Motor unit recruitment evoked by submaximal electrical stimulation via the la afferent
pathway transpires according to the size principle.>**"%%® Consequently, if the reflex
amplitude is increased post-contraction, then it is presumed in light of this standard that
the next units to be recruited would be the larger, high-threshold, fast-twitch motor units.
The ability to activate as many of these types of motor units as possible and have them
discharge at a frequency high enough to induce a tetanic contraction is a prime
determinant of the maximal rate of force development and peak force production.
a potentiated reflex response occurs following contractile activity, thus indicating an
augmented neural drive, then the result may be an increase in the effectiveness of
successive voluntary neuromuscular activation and consequent rate of force
development.®0196:27

90,196
If

Attenuation of aMN has also been shown to occur in PAP studies momentarily
for 10 — 60 seconds,®***2°%2!1 or in some cases continue for several minutes.®#1%%
Interestingly, this H-Reflex attenuation which has been documented in each of these
studies follows a similar time course as what occurs after SMT. The difference between
SMT and contractile activity is that the reflex amplitude responses in the majority of the
SMT studies all returned to baseline within 60 seconds in both asymptomatic and
symptomatic populations. Only two studies reported comparatively prolonged
attenuations post-SMT.%%%2 |t is plausible that the CNS mechanisms responsible for the
transition from PAD immediately post-contraction to resulting PAP will be augmented
with what could be a synergistic effect of similar processes occurring post-SMT in the
same time frame, resulting in a shorter delay of potentiation.

A crossover study revealing a significant increase in the H-reflex amplitudes after
the delivery of SMT paired with a MVIC compared to an MVIC only would indicate
greater synaptic transmission between la afferents and alpha motor neurons. The resulting
implications are an enhanced rate and magnitude of volitional force production by
optimizing the reflexive component of neural drive within the CNS to result in increased
motor unit recruitment. Muscular power is determined by the product of the velocity of
shortening and the load.”® As such, the possible greater increase post-SMT in the
subject’s rate of force development during PAP may produce functional improvements
similar to the results of numerous Eerformance-related outcomes reported in previous
investigations of PAP.62%0198.218.219.238 1+ ¢4 also be inferred from reported
measurements of modulated MEP, EMG, H-Reflex, and SEP amplitudes post-SMT that
an increase in CNS excitability can occur. This increased excitability is essential to
augment the neural mechanisms reported to contribute to PAP, resulting in increased
power production during explosive athletic activities.>”®* The neurological effects of
SMT recorded from each of these specific measures may have implications on enhancing
PAP, most notably: increased cortical excitability has been revealed by increased MEP
amplitudes in some studies using asymptomatic subjects; decreased muscle activation
latencies in studies investigating FFA; increased EMG amplitudes recorded during
MVICs; and instantaneous increases in H-Reflex amplitudes post-SMT have been
recorded in subjects suffering from an L5/S1 disc herniation (while this particular
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investigation was limited to a symptomatic population, the results nonetheless provide
further possible support for the theory that SMT results in increased neural drive within
the musculoskeletal system).” These factors may all serve as components of a possible
synergistic effect post-SMT that occurs within the CNS during PAD and recovery from
fatigue to ensuing PAP. These data have possible application to the specific theory of
PAP being caused by increased recruitment of higher order motor units.***% This
consideration becomes especially pertinent with the involvement of cortical and
subcortical structures such as the primary motor cortex and basal ganglia as indicated by
alterations in N30 peak amplitudes.'?®
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Chapter 3: Study #1 The effects of lumbosacral manipulation on isokinetic strength
of the knee extensors and flexors in healthy subjects: A randomized, controlled,
single-blind crossover trial.

Abstract

PURPOSE: This study investigated the effect of manual manipulations targeting the
lumbar spine and/or sacroiliac joint on concentric knee extension and flexion forces.
Torque production was measured during isometric and isokinetic contractions.
METHODS: A randomized, controlled, single-blind crossover design was utilized with
21 asymptomatic, college-aged subjects who had never received spinal manipulation.
During two separate sessions, subjects’ peak torques were recorded while performing
maximal voluntary contractions on an isokinetic dynamometer. Isometric knee extension
and flexion were recorded at 60° of knee flexion, in addition to isokinetic measurements
obtained at 60°/s and 180°/s. Baseline measurements were acquired before either
treatment form of lumbosacral manipulation or sham manipulation, followed by identical
peak torque measurements within five and twenty minutes post-treatment. Data were
analyzed with a repeated measures analysis of variance.

RESULTS: A statistically significant difference did not occur between the effects of
lumbosacral manipulation or the sham manipulation in the percent changes of knee
extension and flexion peak torques at 5 and 20 minutes post-treatment. Similar, non-
significant results were observed in the overall percent changes of isometric contractions
(Spinal manipulation 4.0 £ 9.5 vs. Sham 1.2 £ 6.3, p = 0.067), isokinetic contractions at
60°/s (Spinal manipulation -4.0 £ 14.2 vs. Sham -0.3 £ 8.2, p = 0.34) and isokinetic
contractions at 180°/s (Spinal manipulation -1.4 £ 13.9 vs. Sham -5.5 + 20.0, p = 0.18).
CONCLUSION: The results of the current study suggest that spinal manipulation does
not yield a strength-enhancing effect in healthy, college-aged subjects when measured
with isokinetic dynamometry.

Introduction

Spinal manipulation (SM) is a therapeutic procedure employed by healthcare
practitioners such as chiropractors, osteopaths and physical therapists with the intent of
ameliorating joint hypomobility and positively influencing neurological functioning.**?°
In addition to global utilization within the clinical setting to alleviate acute and chronic
musculoskeletal complaints,*® this form of treatment is also delivered for the purpose of
enhancing the performance and augmenting the rehabilitation of collegiate and
professional athletes.?

Research efforts from the past few decades have investigated the effects of SM on
topics such as strength modulation, muscle inhibition, electromyographic activity, motor
training/reaction time and balance.”® Regarding strength, at least 22 different studies have
recorded changes in force exerted during maximum voluntary contractions (MVCs) post-
SM. Within these articles, a range of muscle groups were selected, such as the quadriceps
femoris, cervical musculature, thoracolumbar erector spinae, biceps brachii, shoulder
external rotators, lower trapezius and gluteus maximus, in addition to measurements of
knee flexion and grip strength.>*>®> While many of these studies reported increases in
strength and/or increased electromyograph (EMG) amplitudes, an important
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consideration is that only isometric contractions have been measured (with a hand
dynamometer, isokinetic dynamometer, or load cell). Presently, no information exists in
relation to strength changes after SM measured at various angular velocities during
dynamic contractions. This information would prove useful in generating a more
complete picture of the mechanisms occurring within the muscle after chiropractic
treatment, as different motor recruitment patterns exist for concentric and isometric
contractions. Since all athletic actions involve dynamic force generation, the data
gathered would have a greater application than the single measurement of a maximal
voluntary isometric contraction (MVIC). The addition of knee flexion peak torque
recordings would also add to the results of previous experiments which measured the
effects of SM on knee extension torque production.?®3*%’

Furthermore, it was hypothesized that significant differences would be found
between the peak torques following HVLA (High Velocity, Low Amplitude) SM and the
sham manipulation at 5 minutes post-treatment, but not at 20 minutes. This postulation
was congruent with previous authors’ findings that strength modulating effects of SM do
not exceed 10 to 20 minutes.”®*"*" It was also estimated that the significant increase in
peak torque generation would be most notable during the isometric contractions, also in
line with what other researchers have reported.

Methods

A randomized, controlled, single-blind crossover design was utilized with 21
asymptomatic subjects (12 males, 9 females) between the ages of 20 to 35 (23.6 + 3.1
years) who had never received chiropractic treatment. Participants were recruited from
various locations both on and off the university campus via flyers (Appendix A) and
word of mouth. The testing procedure took place over the course of three sessions, all
conducted in the University of Kentucky Biodynamics Laboratory. During the initial
visit, an intake form (Appendix B) pertaining to the volunteer’s medical history was
completed to ensure that the volunteer was eligible to participate in the study. This was
followed by the completion of an informed consent form (Appendix C) and a subsequent
physical exam (Appendix D) to rule out any further contraindications to SM. All forms
and procedures were approved by the University of Kentucky Medical Institutional
Review Board (IRB #12-0280-F1V). This study was not supported by grants or other
funding from any organization. The principal investigator (PI) performed all procedures
during each of the three sessions. The final aspect of the physical exam included static
and motion palpation of the patient’s lumbar spine and sacroiliac (SI) joints to determine
the levels of segmental restrictions to be manipulated during the second or third session.
If eligibility had been met, the participants then completed an initial familiarization
session with the isokinetic dynamometer. Strength testing then began at least two days
later.

Peak Torque Recordings

During the next two sessions, strength measurements were obtained using the
Biodex Multi-Joint System 3 isokinetic dynamometer with the Biodex Advantage
software (Biodex Medical Systems, Shirley, New York). During the testing, participants
were seated in an upright position on the dynamometer and were stabilized with two
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shoulder straps, a waist strap, and a thigh strap. The participant’s range of motion was
then established at the knee joint (15° to 95° of knee flexion). MVICs of knee extension
and flexion were measured at 60° of knee flexion.?® Isokinetic, concentric MVCs of knee
extension and flexion were performed at 60°/s and 180°/s. The specific testing sequence
of isometric and isokinetic contractions, as well as the order of SM and sham
manipulation delivery was determined for each subject with a random number generator
using Microsoft Excel.

Participants began the second and third sessions by completing a low-intensity 5-
10 minute warm-up on an upright cycle ergometer, followed by five 50% submaximal
concentric repetitions of knee extension and flexion at both angular velocities. After a
two-minute rest, testing began with baseline measurements. This entailed three sets of
maximal isometric contractions lasting five seconds each during knee extension, and the
same occurring with knee flexion. The isokinetic measurements included three maximal
repetitions of concentric knee extension and flexion, recorded at both angular velocities.
The peak torques (Nm) were recorded as the highest of the three five-second isometric
contractions for both knee extension and flexion, as well as the highest of the three
isokinetic, concentric contractions during knee extension and flexion at both velocities.

Table 1. Summary of experimental procedures.

History &

(RAV/IYid  informed Phys'::' Warm-up Familiarization session
consent
at least 1 day in between
RS Manipulation MVC/ 20 minute MVC/
RV \Warm-up MVIC oriham MVIC rest MVIC
Testing Testing Testing
at least 3 days in between
M Manipulation MVC/ 20 minute MVC/
KAV Warmup  MVIC orZham MVIC rest MVIC
Testing Testing Testing

As depicted above in Table 1, peak torques were recorded three times during both
testing sessions: at baseline prior to the treatment (spinal manipulation or sham
procedure), within 5 minutes post-treatment and again after 20 minutes. The Pl
administered both the treatment and the testing. To limit bias, the PI did not give verbal
encouragement during any of the isometric and isokinetic peak torque recordings. At
least three days later, the procedure was repeated, this time incorporating the opposite
treatment. If the subject presented with any delayed onset muscle soreness (DOMS) as a
result of the previous strength testing or other physical activity, and/or caffeine ingestion
during the past several hours, then data collection was rescheduled. Also, to account for
possible hormonal changes as a result of circadian rhythms and their effects on muscle
strength, subjects’ data were collected at approximately the same time of day during both
testing sessions.
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Spinal manipulation and sham manipulation treatments

Diversified technique, the most common method of chiropractic treatment, was
utilized in the administration of HVLA manipulations of the lumbar spine and/or Sl joints
on a chiropractic treatment table (T2000 Portable Drop Table, Inline Tables, Magalia,
CA). This form of manual therapy was chosen in order to include the vertebral segments
from which the ventral roots of L2-S1 originate. The anatomical basis for the importance
of these levels lies in their innervations of the quadriceps and hamstrings muscles via the
femoral and sciatic nerves, respectively. This was accomplished by placing the patient in
a side posture position as described by Peterson and Bergmann,* with downward
pressure applied to the patient’s upside flexed knee and a pisiform contact to the
mammillary process of the fixated lumbar vertebra or upside Sl joint (the selection of
which based on the motion palpation findings of the restricted joint complex). SM was
delivered bilaterally to all subjects, necessitated by multiple motion restrictions being
found in all cases. This procedure also resembled typical in-office treatment of HLVA
SM being delivered to both sides of the patient’s lumbosacral region. Within five minutes
after the restrictions were manipulated, the subject was repositioned on the isokinetic
dynamometer and peak torque recordings began.

The sham procedure involved the use of the lumbar drop mechanism, a
component of the treatment table that utilized a spring-loaded apparatus. It was set by an
adjustable tension to hold the patient’s lumbar or thoracic region in a half-inch "up”
position before the impulse was delivered. A reinforced, unilateral hand contact was
employed during a prone, non-specific thrust through lumbar paraspinal musculature.
Care was taken to ensure that no vertebral or pelvic contact occurred, as the Pl applied
pressure only to the lumbar soft tissue on the ipsilateral side of the thigh being tested. The
movement and sound of the drop piece returning to its original position resembled the
impulse of the PI and cavitations that occurred during the side-posture manipulations.

This procedure differed from a drop table/Thompson Chiropractic Technique
manipulation. While Thompson Technique requires specific osseous contacts and lines of
drive to correct misalignments of pelvic/sacral obliquity, neither were applied during the
sham; consequently, the identified vertebral and pelvic restrictions were not corrected.
This sham manipulation was incorporated so that the subjects, specifically recruited
without ever having received any form of spinal manipulative therapy and unfamiliar
with drop table manipulation, perceived the procedure to also be a valid manipulation
technique. This ensured that the subjects were blinded to which treatment was the
therapeutic or sham manipulation. An obvious control procedure, such as being
positioned in side-posture without any contact from the PI, was avoided because of the
possibility of affecting the subjects’ motivation to put forth maximal effort during the
subsequent isokinetic and isometric testing. Therefore, it was believed that the delivery of
this sham treatment in the same manner as the side-posture manipulation would minimize
the impact of this demand characteristic.
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Figure 2a. Side-posture lumbosacral manipulation set-up ~ Figure 2b. Drop table
sham manipulation set-up

Statistics

All data analyses were performed using Microsoft Excel and SPSS version 20.0
(SPSS, Inc., Chicago IL). A repeated measures analysis of variance (ANOVA) was
utilized to analyze the peak torque recordings, with an a level of 0.05 considered
significant for all tests. The power analysis was calculated with an effect size of 0.4 based
on the averages of previous studies’ reported increases in strength post-SM, with an o
error probability of 0.05 and at a 1-B error probability of 0.8.?** All raw data are included
in Appendix E.

Results

No statistically significant differences were revealed between the effects of
lumbosacral SM or the sham manipulation in the percent changes of knee extension and
flexion peak torques at 5 and 20 minutes post-treatment, displayed below in Figures 3
and 4, respectively. Equivalent results were observed in the percent changes of knee
extension and flexion peak torques averaged from both time points post-treatment,
illustrated below in Figure 5. A significant difference was also not observed between the
treatment effects in the overall percent changes of combined knee extension and flexion
during the isometric contractions (SM 4.0 £ 9.5 vs. Sham 1.2 + 6.3, p = 0.067), isokinetic
contractions at 60°/s (SM  -4.0 £ 14.2 vs. Sham -0.3 + 8.2, p = 0.34) nor isokinetic
contractions at 180°/s (SM -1.4 + 13.9 vs. Sham -5.5 + 20.0, p = 0.18). The changes in all
peak torque means ranged from 9.6 to -4.6 Nm post-SM and from 7.1 to -3.3 Nm post-
sham manipulation.
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Figure 3. Percent changes in peak torques at five minutes post-treatment
compared to baseline. Mean + SD.
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Figure 5. Percent changes in peak torques averaged at both time points post-
treatment compared to baseline. Mean + SD.

Discussion

The results of this study indicate that side-posture, HVLA manipulation targeting
the lumbosacral spine did not significantly increase the strength of the knee extensors and
flexors in comparison to the sham treatment. It was found that neither isometric nor
isokinetic measurements revealed a significant increase in strength compared to the sham
treatment at 5 and 20 minutes compared to baseline. At present, the factors that caused
the discrepancy between these results and the majority of other studies’ findings are
unknown. Even with a repeated measures design, which increases testing performance
reliability because of deceased variability from subjects serving as their own controls, in
addition to the established reliability of isokinetic dynamometry,’®?? the strength-
modulating effect of SM was still not statistically significant.

Of particular interest to the current investigation is the pilot study by Shrier,
MacDonald and Uchacz from the British Journal of Sports Medicine conducted in 2006.%°
It is interesting to note that it was the only manuscript published in a non-chiropractic
related journal, included the most sound methodology and is the most relevant to the
current investigation. The authors employed a crossover design with 17 elite healthy
athletes to compare the changes in jump height and running velocity after pre-event high
velocity, low amplitude (HVLA) lumbosacral manipulation with those measured after a
control intervention. The athletes competed in a variety of events, which primarily
included the bobsled. After a 15 minute warm-up, baseline measurements included flying
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40 meter sprint time and countermovement jump height. Then after being evaluated by a
sports chiropractor, subjects were randomized to receive thoracolumbar, lumbar and/or
lower extremity HVLA manipulations based on evaluation or placebo (simulated
performance-enhancement tape). Then after a 60 minute rest, the subjects performed
another 15 minute warm-up and were retested. The protocol was repeated 48 hours later
with the opposite intervention. The mean of two sprints and three jumps were analyzed,
as well as peak performances. It was found that the pilot study was underpowered due to
greater than expected variability in the results. The athletes tended to perform better after
HVLA manipulation for both sprint times and countermovement jump height, but none of
the results were statistically significant. Nonetheless, the authors concluded that pre-event
HVLA SMT warrants further study.®

A notable aspect is the substantial standard deviations of the peak torque means.
The overall percent change in isokinetic extension torque at 180°/s serves as the most
extreme example. This particular measurement generated a standard deviation more than
six times greater than the mean post-manipulation, and nearly five times greater post-
sham. Nonetheless, the wide spread in the data around the mean apparent in all of the
measurements, regardless of treatment randomization, can be partially explained by the
variability inherent in strength testing. It has been suggested that the lowest amount of
intersession variability attainable during repeated MVVC/MVICs is a coefficient of
variation range of 5 to 10%,??*#?* and a standard error of the mean of 5%.%%

While the overall magnitude of the changes in strength post-lumbosacral
manipulation was not large enough to overcome this variability, statistically significant
changes in measurements of central nervous system processing have been reported in
previous investigations of the physiological effects of SM.**** These studies incorporated
techniques such as electromyography (EMG), transcranial magnetic stimulation and the
Hoffmann reflex. Accordingly, Pickar and Bolton**® have concluded that alterations in
central nervous system processing following SM may be produced by a surge of elevated
discharge frequencies from paraspinal mechanoreceptors and primary afferent neurons
involving temporal and/or spatial summation. Similarly, Haavik and Murphy*?® have
elaborated on the neuroplastic changes found to occur within the central nervous system
(CNS), placing emphasis on how sensorimotor integration appears to be augmented with
the correction of intervertebral hypomobility and associated dysfunction. Nonetheless,
the authors conclude that it is currently unknown whether the changes are due to one of
two probable explanations. The first is that SM normalizes the input and processing of
aberrant afferent input within the CNS as a result of restoring the biomechanical and
neural integrity of the joint complex. The other likely explanation is that the effects are
attributable to the impulse of the manipulation producing a bombardment of afferent
information from the multiple sensory receptors,**® congruent with Korr’s theory of the
facilitated segment.*®*

An additional consideration is an immediate change in EMG amplitudes in
response to SM, reported in several investigations.**"*17°18L189 One example is
measurements of resting paraspinal activity, in which temporary changes in EMG
amplitudes have been recorded in symptomatic and asymptomatic subjects post-
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manipulation.’”**"® Other studies have reported similar results of both excitatory
(increased force production or increased EMG mean/peak amplitudes) and inhibitory
(decreased EMG amplitudes) responses after manual and mechanically-assisted

S\ #417418L189.197 g\ has further been shown to produce these effects through a complex
process of positively altering somatosomatic reflexes. 2118119135187 These results might
offer additional insight into the differences in subjects’ torque measurements within the
current study beyond the variability inherent in any form strength testing.

Limitations

Several limitations were evident in this study. First, data collection ended due to
time constraints with 21 subjects, despite the preliminary sample size estimate of 52
subjects needed. The fact that the study was underpowered provides another likely
explanation for the lack of statistically significant differences in the treatment effects
between SM and the sham manipulation. Additionally, despite denying the presence of
DOMS or recent caffeine ingestion, participants’ activities between testing sessions could
have negatively impacted their ability to generate maximal contractions (such as
inadequate sleep and/or caloric intake). Another consideration is the diversity in the
amount of physical activity that each subject regularly engaged in, which ranged from
competitive bodybuilder to sedentary. Consequently, the resulting heterogeneity in
physical fitness levels increased the variability in the subjects’ ability to recruit all motor
units in the production of the MVC/MVICs. This was mostly likely due to the
comparative lack of neural recruitment factors in those who were only recreationally
active or sedentary. Likewise, antagonist muscle activity presented another probable
source of error in these particular subjects, particularly during the isometric
contractions.??® The discrepancy in subjects’ motivation to elicit maximal contractions
was another limiting factor, especially when considering that verbal encouragement was
not given during any of the peak torque recordings.

In addition to intrinsic performance factors, there was difficulty in obtaining
perfect measurement accuracy. Despite the high reliability of the Biodex isokinetic
dynamometer, measuring human subjects presents the challenge of completely isolating
the involved joint complex. Likewise, it was observed during testing that the action of the
MVC/MVIC caused the knee to slightly translate superiorly during flexion and inferiorly
during extension. This somewhat altered axis of rotation, in tandem with a concurrent
slight depression of the ankle pad during the initiation of movement, altogether provided
further hindrances to completely accurate torque measurements.

Because the results of this experiment were different from other similar
investigations, it seems apparent that more studies need to be completed. Accordingly,
future related research is needed involving a larger sample size, a sample population that
is physically more homogenous and highly motivated to generate maximal contractions,
and ideally conducted within an environment to allow control of all physical activity.
Muscle activation measurements such as the interpolated twitch technique are also
necessary to validate that subjects are exerting maximal effort during the MVC/MVICs.
Fatiguing contractions should also be measured post-manipulation to generate an idea of
the effect on recruitment of Type | fibers for comparison to what has been found
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involving MVC/MVICs. Finally, in addition to the work of Wang and Meadows,*® more
experiments must also be designed to compare symptomatic and asymptomatic groups of
subjects.
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Chapter 4: Study #2 The effects of spinal manipulative therapy on postactivation
potentiation

Abstract

PURPOSE: This study investigated the effects of spinal manipulative therapy on central
nervous system excitability by assessing changes in postactivation potentiation, measured
with the Hoffmann Reflex. It was hypothesized that significantly greater potentiation
would be stimulated by a plantar flexion contraction with lumbosacral manipulation
delivered immediately beforehand than the potentiation arising from the contraction only.

METHODS: A randomized, controlled, single-blind crossover study design was utilized
with 20 healthy, resistance-trained subjects between the ages of 20 and 35 years.
Electromyographic amplitudes during two stimulation intensities (Hmax and Mpax) and
isometric twitch torques of the gastrocnemius and soleus muscles were recorded during
tibial nerve stimulations subsequent to one of three randomized treatments during three
separate sessions: side-posture, high velocity, low amplitude spinal manipulation
targeting the lower lumbar vertebral segments and sacroiliac joint; a ten-second plantar
flexion maximal voluntary isometric contraction or the manipulation immediately
preceding the contraction. Data were collected during at 17 time points during the 20
minute stimulation protocol post-treatment. Differences in the electromyographic
amplitudes and twitch torques of both muscles following each treatment were analyzed
with a two-way repeated measures analysis of variance. A Bonferroni correction served
as the post-hoc analysis.

RESULTS: A statistically significant difference in the within-subjects effects of the three
treatments was found in the percent change from baseline of M.y twitch torques between
the manipulation and the plantar flexion contractions and between the manipulation and
the combination of the manipulation and contractions at six time points (F(18, 342) =
3.843, p = 0.005). However, significant differences were not present in the temporal
changes of the gastrocnemius Hpmax/Mmax ratio (F(18, 342) = 1.171, p = 0.331) and the
percent changes from baseline ratios (F(18, 342) = 1.035, p = 0.393), the temporal
changes in the soleus Hmax/Mmax ratio (F(18, 342) = 1.343, p = 0.243) and the percent
change from baseline ratios (F(18, 342) = 0.808, p = 0.548), the temporal changes in
twitch torques at Hmax (F(18, 342) = 1.684, p = 0.143) and the percent changes from
baseline (F(18, 342) = 1.497, p = 0.181) nor the temporal changes in twitch torques at
Mmax (F(18, 342) = 1.978, p = 0.389). The manipulations delivered without any
contractile activity resulted in a depression of EMG amplitudes for two minutes, followed
by a return to baseline levels.

CONCLUSION: The results suggest that spinal manipulation delivered immediately

before a maximal voluntary contraction does not enhance postactivation potentiation in
resistance-trained subjects.
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Introduction

Spinal manipulative therapy (SMT) is a therapeutic procedure employed by health
care practitioners such as chiropractors, osteopaths and physical therapists® for the
purpose of reducing movement restrictions within spinal and peripheral joints, thereby
promoting a normal range of motion (ROM).” In addition to the clinical efficacy of SMT
in the treatment of acute and chronic musculoskeletal conditions such as neck pain, low
back pain and headache,”*® numerous professional athletes have made anecdotal claims
of enhanced performance post-treatment. Accordingly, research efforts from the past few
decades have investigated the effects of SMT on several aspects of athletic
performance.?® For example, regarding strength, at least 22 different studies have
recorded changes in force exerted during maximal voluntary contractions (MVC) post-
manipulation. Within these articles, a range of muscle groups were selected, such as the
quadriceps femoris, cervical musculature, thoracolumbar erector spinae, biceps brachii,
shoulder external rotators, lower trapezius and gluteus maximus, in addition to
measurements of knee flexion and grip strength.**>> Many of these studies reported
increases in strength and/or increased electromyograph (EMG) amplitudes. However,
despite possible modulation of gross muscle activity, the theory and research related to
SMT is concerned primarily with the effects on the central nervous system (CNS). In
spite of this understanding, very little research regarding the effects of SMT on the
nervous system has been conducted. One concept related to both the neuromuscular
system and the possible enhancement of athletic performance is postactivation
potentiation (PAP).

PAP is a phenomenon in which muscular force production is increased as a result
of preceding contractile activity of moderate to high intensity.”®"®%%® The most common
theory explaining this occurrence is increased phosphorylation of myosin regulatory light
chains, which increases the calcium sensitivity of troponin.®®*%' |t has also been
purported that the preceding conditioning activity incites a large amount of CNS
stimulation, which results in increased motor unit recruitment and force production.
This possible contributing factor to PAP generation®®°® is partly based on findings from
use of the Hoffmann Reflex (H-reflex). The H-reflex is the submaximal electrical
stimulation of the la monosynaptic reflex pathway to measure the efficacy of the la-oMN
synapse in the ventral horn of the spinal cord.®> Analogous to mechanically-induced
tendon reflexes, the measurement is most reliable when performed via the tibial nerve.%
Measurement of the reflex latency can be employed clinically to aid in the diagnosis of
radiculopathies, and in kinesiological research for estimating the size of the motor neuron
pool able to be recruited under various conditions.®” The stimulation results in a
compound muscle action potential (CMAP) from which reflexive motor unit activity can
be measured, thus indicating the excitability of the CNS.%>®” Moreover, it has been found
that H-reflex EMG amplitudes are enhanced during PAP, signifying an increase in the
firing rate of action potentials to the contracting muscle.®

60-62

It may be possible that one of the reasons for athletes’ anecdotal claims of
increased performance following SMT is due to increased potentiation. While the H-
reflex has been employed in attempts to elucidate the clinical effects of SMT, it has never
been used in exercise science to measure a possible neural effect of SMT on PAP; the

35



potential implication of which is a greater increase in explosive force production
following a conditioning activity to induce PAP. Several authors have stated the need for
further investigations of how SMT may modulate neuromuscular activity outside of the
clinical setting,®® particularly when delivered preceding resistance training or
competition.”®®*"° As such, it was hoped that the insights gained from this research
would increase understanding of the treatment’s effects. This knowledge may lead to a
change in the frequency and/or timing of the procedure’s inclusion in athletes’ training
regimens to possibly enhance the neuromuscular effects of strength and conditioning
programs and ultimately, athletic performance.

Purpose
The purpose of this study was to examine the effects of SMT on central nervous

system (CNS) excitability by assessing postactivation potentiation (PAP). The magnitude
of PAP was determined subsequent to SMT and/or a plantar flexion MVIC by changes in
isometric twitch toques and EMG amplitudes of the gastrocnemius and soleus during a
tibial nerve H-reflex electrical stimulation protocol. The central premise was that SMT
may enhance PAP by increasing neural drive to the muscle immediately following
contractile activity. Specifically, it was hypothesized that SMT delivered to the
lumbosacral region would significantly increase CNS excitability at the spinal level,
resulting in enhanced potentiation of the gastrocnemius/soleus complex following
voluntary contractile activity compared to potentiation resulting from the contractions
alone. This event would be indicated by significantly higher H-reflex peak-to-peak EMG
amplitudes following SMT paired with a plantar flexion MVIC compared to amplitudes
following the MVIC only. The result would be a possible neurological contribution to
PAP, which is directly indicated by an increase in the concurrent isometric twitch torques
of the gastrocnemius and soleus during the tibial nerve electrical stimulations. This
premise was formed based on the results of previous studies on the effects of SMT with
measurements of both central and peripheral nervous system responses. Examples of the
measurements post-SMT in asymptomatic subjects include increased MEP amplitudes
during TMS*"**8 and decreased muscle activation latencies while investigating FFA.*"

Four effects were hypothesized to result from the experimental protocol:
significantly greater potentiation would be evoked by SMT when paired with the MVIC
compared to the MVIC only; SMT paired with the MVIC would also decrease the
duration of initial postactivation depression (PAD) in the EMG amplitudes and twitch
torques (Nm) of the gastrocnemius and soleus, and thus bring about an earlier onset of
PAP compared to the MVIC only; the gastrocnemius muscles would yield much greater
potentiation than the soleus; and that SMT only would result in PAD for less than one
minute, followed by the return of EMG amplitudes and isometric twitch torques to
baseline levels. The first two hypotheses are based on the presumption that SMT will
induce a synergistic effect with PAP mechanisms in the CNS, resulting in a faster, more
pronounced potentiated response from increased motor unit recruitment subsequent to the
MVIC. The significance of this result is that a greater proportion of the MN pool will be
capable of being activated after the fatigue subsides from the MVIC. From these
measurements, inferences will be made regarding the possibility that the incorporation of
SMT within high intensity resistance training regimens and/or pre-competition may
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enhance PAP with an increase in CNS excitability. The implication of augmented PAP is
that greater neuromuscular activation will lead to increased power generation during the
performance of explosive athletic activities such as sprinting, jumping and
throwing.>%%%-2

Methods
Participants

The study sample included 25 healthy, resistance-trained subjects (16 males, 9
females) between the ages of 20 and 35 years. All subjects were required to meet minimal
resistance training and weekly activity level criteria; these included at least one year of
resistance training experience and current completion of at least three training sessions
per week. Additionally, males needed to be able to back squat a minimum load of 1.5 x
body weight, and females 1 x body weight.”®%?"??° Subject characteristics are depicted
below in Table 2. NCAA Division | athletes were not recruited, so resistance-trained
individuals were selected (identified by Wilson and colleagues as the second tier of
subjects most likely to respond to PAP). In addition to standard resistance training, most
of the participants also engaged in a wide range of physical activities, including Olympic
lifting, powerlifting, bodybuilding and figure competition, various forms of
cardiovascular endurance training, CrossFit and NAIA Division | baseball.

Table 2. Subject characteristics

Mean (SD) Min - max
Age (y) 25.6 (4.1) 21- 32
Height (cm) 172.1 (8.1) 152.4 - 185.4
Weight (kg) 74.2 (13.7) 49.9 - 108.6
Back squat 1RM (kg) 126.2 (45.3) 54.4 - 204.1

The exclusion criteria included contraindications to SMT or H-reflex testing,
which consisted of: pain in the lower back, abdomen or legs and/or surgeries performed
in these areas; history of vertigo; dizziness or fainting with certain head movements
associated with nausea/vomiting; recent onset of severe headache or neck pain/stiffness;
bilateral radicular extremity symptoms; diabetic neuropathy; fractures; dislocations; acute
muscle spasm; as well as past diagnosis of cardiovascular disease, any blood clotting
disorder, stroke, aneurysm, thromboembolism, vascular/neurogenic claudication, lumbar
disc herniation, cauda equina syndrome, spondylolisthesis, scoliosis, diabetes, any type of
arthritis or bone/joint disease and/or an allergic reaction to silver.

Subjects were recruited from various locations on campus, via flyers (Appendix
F) and word of mouth. Both male and female subjects were enrolled, as a recent meta-
analysis has concluded that there is no difference in the occurrence of PAP between male
and female subjects.?** Also, the subjects were not monetarily compensated for
participation; however, they were presented with the option of a free Dual-Energy X-ray
Absorptiometry (DXA) scan within the Body Composition Core Laboratory. The
measurements acquired from the scan are for the participant’s information only, and were
not included in the results of the study.
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Study design overview

A randomized, controlled, single-blind crossover study design was utilized, in
which the PI conducted all study procedures. Allocation of 20 subjects to the treatment
group and 5 to the control group was determined with a random number generator using
Microsoft Excel. Concerning the treatment group, the three independent variables were
SMT, a 10 second plantar flexion MVIC or SMT immediately preceding the MVIC. Each
of the four dependent variables were evoked during the tibial nerve H-reflex stimulation
protocol at the conclusion of each session, and included the Hyax/Mmax ratio (%) of the
gastrocnemius and soleus muscles and the isometric twitch torque occurring at Hyax and at
Mmax. The treatment order was randomized for each of the three sessions before the tibial
nerve Hmax / Mmax Stimulation protocol, and included SMT only, the 10 second MVIC only
or SMT preceding the MVIC. Changes were then measured by H-reflex amplitudes and
concurrent isometric twitch torque generation of the gastrocnemius-soleus complex during
the Hmax/Mnmax tibial nerve stimulation protocol. Table 3 provides an overall view of the
protocol.

Control group
In addition to the 20 subjects who underwent the three treatment procedures during

the three separate data collection sessions, a control group of five subjects was also
necessary. These five participants were randomly assigned into the control group after
meeting the inclusion criteria. Control group selection was determined with random
number generation using Microsoft Excel in the same manner as the treatment order for the
other 20 subjects. The five control subjects did not perform plantar flexion MVICs or
receive any form of treatment. Their purpose instead was to complete the H-reflex
electrical stimulation protocol twice (with a 20 minute rest interval) during two separate
sessions. The sessions were conducted at the same time of day, at least 24 hours apart. The
results were used to test the reliability of the H-reflex testing within and between sessions.
The same initial procedures were performed during the first session (health history
questionnaire, informed consent process and physical examination). During both sessions,
the Hmax/Mnmax recruitment curve and subsequent confirmation of Hmax were followed by a
20 minute rest before the completion of both Hpyax/Mmax Stimulation protocols. The Pl
performed all control group procedures as well.
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Table 3. Summary of experimental procedures.
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Initial procedures

All study procedures are depicted above in Table 3, and were approved by the
University of Kentucky Medical Institutional Review Board (IRB # 14-0507-F6A).
Subjects were tested on three different occasions at the University of Kentucky Human
Performance Laboratory located in the Multidisciplinary Science Building. During the
initial visit, a health history questionnaire (Appendix G) pertaining to the volunteer’s
medical history was completed to ensure that the volunteer was eligible to participate in
the study. The function of the questionnaire was also to confirm that the subject was
asymptomatic with regard to low back, pelvic or lower extremity pain, and to confirm
that surgery has not been performed in these regions. Next, the subject read the informed
consent form (Appendix H), and the Pl answered any related questions. After the subject
signed the informed consent form, a physical exam (Appendix I) was then performed by
the PI to rule out any further contraindications to SMT or H-reflex electrical stimulation.

The physical exam included: blood pressure; cervical/thoracic/lumbar active and
passive range of motion; motor and sensory evaluation of C5 though T1 and L1 through
S1; tendon reflexes of the biceps brachii, brachioradialis, triceps, patellar ligament and
Achilles; Hoffmann’s and Babinski’s Tests for pathological reflexes as well as Kemp’s,
Bechterew’s, Patrick’s/Fabere and Yeoman’s Tests. The final assessment included
Gillet’s Test and motion palpation of the patient’s lumbar spine and sacroiliac joints to
determine the levels of segmental restrictions to be manipulated. Subject confidentiality
was maintained by assigning subjects a participant number under which all data were
stored.

Once eligibility had been met, the subject was then familiarized with the Biodex
System 4 isokinetic dynamometer (Biodex Medical Systems, Shirley, NY) and tibial
nerve stimulation and evoked twitch responses in the lateral gastrocnemius and soleus
muscles via a constant-current stimulator (DS7AH, Digitimer Ltd., Welvyn Garden City,
UK). Data were collected at approximately the same time of day during all three sessions.
If the subject experienced any muscle soreness as a result of the previous testing or other
physical activity, data collection was rescheduled.

Subject positioning and electrode placement

As discussed previously, the H-reflex is susceptible to modulation which arises
from peripheral feedback from structures such as muscle spindle receptors and golgi
tendon organs, which are stimulated during movement.*’**1% |n light of this information,
all measurements were made with the subject in a side-lying position, thus eliminating
the need for repositioning prior to or during the EMG and isometric torque recordings as
well as the control and HVLA manipulation procedures. The dynamometer head was
tilted to 90°, allowing torque recordings from the foot plate at an angle perpendicular to
what is commonly utilized.

Bipolar, single differential surface EMG (SEMG) sensors (Model DE-2.1, Delsys,
Inc., Natick, MA) were attached to the lateral gastrocnemius muscle belly at one-third of
the proximal distance from the fibular head to the calcaneous and soleus muscle belly at
four centimeters distal to the inferior margin of the gastrocnemius.***?'® The sensor
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contacts were 99.9% silver bars, each with a surface area of 10 x 1 mm, arranged in a
parallel-bar geometry spaced 1 cm apart. The electrodes were attached parallel to the
orientation of the muscle fibers with a 2-slot adhesive surface interface (Delsys Inc.,
Natick, MA) between the skin and electrode in addition to surgical tape placed over the
electrode. The polycarbonate case of the recording electrode was rectangular in shape,
measuring 41 x 20 x 5 mm. The self-adhering, two inch diameter disposable reference
electrode (Dermatrode, Irvine, CA) was adhered to the contralateral patella. The cables
from the recording and stimulating electrodes were also adhered to the side of the
treatment table with surgical tape to prevent artifacts in the EMG signal. The rubber
stimulating electrodes (Covidien LLC, Mansfield, MA) were 2 cm x 3 cm in size and
secured in the popliteal fossa (cathode) and two centimeters proximal to the superior
border of the patella (anode).®**>?% Ultrasound transmission gel was placed on the
stimulating electrodes before also being attached with surgical tape, and then further
secured with an ACE bandage wrapped over the distal thigh, knee and proximal shank.
Before electrode application, these five specific areas were shaved, lightly abraded with
120 grit sandpaper and cleansed with an alcohol pad. Then, if skin impedance (E2M5
Grass Electrode Impedance Meter, Grass Instruments, Warwick, RI) was determined to
be less than 10 KOhm,*®" the recording electrodes and stimulating electrodes were
attached. If impedance was measured as more than 10 KOhm, the areas were again
shaved, abraded and swabbed with an alcohol pad. The five electrode-skin interfaces
were then retested with the impedance meter.

The subject was then positioned in side posture on a physical therapy treatment
table (electric high/low elevation table, model ADP 300, Chattanooga Group, DeQueen,
AR) for the duration of the experimental procedures, with the upside foot attached to the
foot plate of the ankle attachment secured to the dynamometer head. This positioning set-
up is depicted below in Figure 6a. Selection of the right or left foot was made during the
final step of the physical exam (static and motion palpation of the subject’s lumbar spine
and sacroiliac joints). The decision was made in conjunction with Gillet’s test and
observance of a functional (non-anatomical) leg length discrepancy, most likely
indicating one of several possible sacroiliac motion restriction listings. The side chosen
during the first session was also used for the second and third sessions, with the
ipsilateral lumbar/sacroiliac joint manipulated during the randomized treatment protocol.
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Figure 6b. Ankle attachment set-up

Figure 6b provides a close inspection of how the foot and ankle were secured to
the foot plate. The dynamometer head was tilted 90° and rotated to face the foot end of
the treatment table. A folded sheet of quilt batting was placed between the subject’s heel
and the plastic heel cup of the ankle attachment to prevent abrasion. An ACE bandage
was folded and placed over the dorsum of the subject’s foot before the two ankle
attachment straps were secured over the tibiotalar joint and metatarsophalangeal joints.
The subject also wore an ankle brace with side stabilizers (Walgreens Deluxe Adjustable
Ankle Stabilizer, product # 317952) to prevent the heel from lifting off of the foot plate
of the ankle attachment while plantar flexion occurred during the MVICs and tibial nerve
electrical stimulations. The ankle brace was tightly secured with a 12 inch long, 1.5 inch
wide Velcro strap from one side of the brace to the other around the bottom of the ankle
attachment. Further stabilization was provided by accessory Biodex padded restraint
straps tightly secured over the subject’s upside femuroacetabular joint and downside
medial thigh.
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A carpenter’s square was used to position the ankle in 90° of flexion before the
Hmax/Mmax recruitment curve, confirmation of Hyax, plantar flexion MVICs and the
Hmax/Mmax Stimulation protocol. The anatomical landmarks used were the lateral tibial
condyle and lateral malleolus in reference to the foot plate of the ankle attachment.
Vigilance was exercised for the entirety of the session to also verify that the subject’s
upside knee was maintained in full extension. This was facilitated by the placement of a
foam, wedge-shaped pillow (Original Contour Leg Pillow, Contour Products, Inc.,
Charlotte, NC) between the subject’s knees. The subject’s head was supported by two
pillows in front of the table headrest, which was set in the highest raised position. To help
maintain subject comfort, the subject had two opportunities during the session to sit up
and/or move off of the treatment table (during both 20 minute rest periods before the
recruitment curve and before the randomized treatment protocol at the session’s
conclusion). During this time, the subject’s foot was unstrapped from the ankle
attachment and the padded straps were loosened or removed. If the subject asked to
unstrap his or her foot from the dynamometer at any other time, then data collection was
delayed for this purpose.

After proper positioning and electrode set-up, the subject then underwent a short
familiarization with tibial nerve stimulation. The process was carried out bg/ increasing
the stimulation intensity in 2 milliamp (mA) increments every 10 seconds®>®° starting
from 0 mA to reach 10 mA. All stimulations were a square-wave pulse width for a
duration of 1 ms. If the subject did not experience any unusual discomfort or pain, the
session continued with a 20 minute rest preceding the Hmax and Mpmax recruitment curve.
The purpose of this rest was for any potentiation to dissipate from the subject’s previous
movement and tibial nerve stimulation familiarization.®® At this point, the remainder of
the procedures were the same for all three separate sessions.

Determination of Humax, Mmax and maximal plantar flexion torque

Initial measurements of the tibial nerve stimulation intensities (mA) that elicit
maximal H-reflex (Hmax) and full muscle response (Mmax) peak-to-peak EMG amplitudes
(mV) in the lateral gastrocnemius and soleus were recorded during the stimulus-response
curve (Bagnoli-8 EMG System and EMGworks 4.0 signal acquisition and analysis
software, Delsys Inc., Natick, MA). This procedure is also referred to as the recruitment
curve, because the tibial nerve la afferent fibers and aMNs are progressively recruited
with increasing stimulation intensity. The specific stimulation intensities which evoked
Hmax and My reflexive EMG amplitudes were used in the Hmax/Mmax Stimulation
protocol at the conclusion of each session. Temporal changes in the Hmax/Mnmax ratio in
response to the two fixed stimulation intensities are thought to indicate alterations in CNS
excitability,’” and therefore, the effect of the treatment. The value of Hpax Was then
confirmed through a similar process with five stimulation intensities, followed by the
determination of the subject’s peak plantar flexion isometric torque using the isokinetic
dynamometer. Before the treatment protocol was initiated, the subject was instructed to
rest once more for 20 minutes, again for any potentiation generated during the
recruitment curve and strength testing to dissipate.®
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Hmax and Mmax recruitment curve procedures

The recruitment curve was acquired with the methods described by Palmieri et
al.% During this time, stimulation intensities were progressively increased from zero in 2
mA increments in 10 second intervals to determine the reflexive lateral gastrocnemius
and soleus EMG amplitudes at Hyax and Mmax. Figure 7 provides an illustration of the
process, followed by an explanation of the six highlighted events.
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Figure 7. Example of a common Hyax and Mpax recruitment curve.

1) Tibial nerve electrical stimulation at low amplitudes elicits a response in only the large
diameter, low threshold la afferent fibers, generating impulses toward the spinal cord and
resulting in the firing of aMNs, causing a twitch response (the H-reflex) of the
gastrocnemius-soleus complex. The appearance of the H-reflex tracing on the
electromyograph occurs approximately 30 ms after the stimulation. This latency is due to
the distance travelled by the signal within the monosynaptic reflex arc from the tibial
nerve afferent fibers in the popliteal fossa to the synaptic cleft at the la-aMN synapse in
the ventral horn of the spinal cord, and then orthodromically (in the correct direction
toward or away from the spinal cord) along the axons of the aMNSs.

2) Continuing to increase the electrical stimulus intensity (mA) induces a greater
response in la afferents and begins to directly activate the smaller diameter efferent motor
axons, which have a higher depolarization threshold. Stimulation of these fibers causes a
direct muscle response (the M-wave), which generally occurs 5 ms after the stimulation
and preceding the H-reflex on the electromyograph. The shorter latency of the M-wave in
comparison to the H-reflex is because of the shorter path that the action potentials must
travel for a muscle twitch response to occur, without having to synapse in the ventral
horn. Moreover, the action potentials fire in all directions, both orthodromically and
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antidromically (traveling in the wrong direction toward the spinal cord in the motor
axons). As a result, antidromic collision occurs, in which the volley of electrical activity
collides with the reflexive orthodromic volley which has proceeded up the sensory axon
and passed through the spinal cord. In the motor axons of the reflex pathway, if the
antidromic volley is smaller than the orthodromic volley propagated on the same motor
axons, then the orthodromic volley is reduced but continues to the muscle. This explains
why the H-reflex tracing in the recruitment curve starts to decrease after reaching a
plateau. When the size of the antidromic volley is equal to or larger than the afferent,
orthodromic volley, no signal proceeds to the muscle, and the H-reflex disappears from
the tracing. However, because the action potentials traveling along the la monosynaptic
reflex pathway are greater than the antidromic impulses at the current low stimulus
intensity, there is only a slight reduction in H-reflex amplitudes.

3) Hmax, the highest H-reflex amplitude, has now been reached. Hmax is an indication of
the greatest possible reflex activation; as such, it is an estimate of the number of MNs a
subject is capable of activating in a given state.®>?'® Considering the M-wave, antidromic
collision begins to occur to a slightly greater degree.

4) The H-reflex is still apparent, now on the descending aspect of the recruitment curve.
Despite comparatively higher M-wave amplitudes, the stimulation does not recruit all
motor axons. Accordingly, the antidromic impulses do not collide with all action
potentials resulting from the orthodromic activity.

5) The intensity of the electric stimulus results in activation of all motor axons. Only the
M-wave appears on the EMG tracing because antidromic collision blocks all H-reflex
action potentials resulting from orthodromic activity.

6) Further increases in the stimulation intensity have caused the M-wave to reach its
highest amplitude, Muax, which represents full muscle activation.®>® Specific to the
current investigation, Mmax indicated activation of the total volume of the
gastrocnemius/soleus MN pool. Consequently, the value of this EMG amplitude
remained stable even during additional increases in stimulation intensity.®>8%194216:218

Confirmation of Hpyax

After the stimulation intensities which induced Hmax and Mpmax Were determined,
Hmax Was reassessed. This was completed with 5 stimulations, each 10 seconds apart,
with the intensity of the previous Hua as the 3™ stimulation. For example, if Hmax Was
recorded at 10 mA, then stimulation intensities would then be set at 6, 8, 10, 12 and 14
mA. The H-reflex tracings were then visually inspected in conjunction with the peak-to-
peak EMG amplitudes at each of the 5 stimulation intensities, and then compared to the
Hmax amplitude obtained during the recruitment curve.®® If the stimulation intensity that
induced Hpax was two mA higher or lower than the first measurement, then the second
intensity was used during the stimulation protocol.
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Maximal plantar flexion torque

The subject then performed two sets of five second plantar flexion MVICs to
determine the maximal torque-generating capacity of his or her gastrocnemius/soleus
complex, measured by the isokinetic dynamometer. The procedure was performed using
a specially designed protocol in the isokinetic dynamometer (Biodex Advantage
software, Version 4.X). Subjects warmed up by performing several sets of isometric
plantar flexion contractions of progressively increased force. The subject then rested for
30 seconds, after which peak torques (Nm) were recorded from two sets of maximal
effort plantar flexion contractions performed for five seconds each with 30 seconds of
rest between sets. The subject was able to watch the screen of the desktop attached to the
dynamometer for the line graph of torque produced. The knee joint was maintained in full
extension during all sets, and the ankle was maintained in 90° of flexion in reference to
the foot plate of the ankle attachment. VVerbal encouragement was given to each subject in
a uniform manner for the duration of both sets. The reason for conducting this portion of
the session was for the highest peak torque of the two sets to be used as a basis of
comparison during the treatment protocol, in which the subject was required to exert
maximum plantar flexion torque to induce PAP.

Treatment protocol

Following the second 20 minute rest, one of three randomized treatment
sequences were implemented (Table 2). These included: (1) lumbosacral SMT followed
by a 10 second rest and then the Hmax/Mmax Stimulation protocol; (2) a 60 second rest, 10
second plantar flexion MVIC and then the Hmax/Mmax Stimulation protocol or (3)
lumbosacral SMT preceding the 10 second plantar flexion MVIC and then the Hmax/Mmax
stimulation protocol. The specific treatment sequence carried out at the end of each
session was determined with random number generation using Microsoft Excel. The
other two sessions included the same initial subject preparation and subsequent
procedures to determine Hmax, Mmax and peak isometric plantar flexion torque, and
randomly included one of the other two treatment sequences.

Spinal manipulation

Diversified Technique, the most common chiropractic treatment method, was
utilized in the administration of HYLA SMT. The manipulation was specifically
delivered to the lower lumbar spine and sacroiliac joint in order to include the vertebral
and sacral segments from which the ventral roots of L4-S2 originate within the
lumbosacral plexus. These spinal levels were important because of the distal innervations
of the gastrocnemius and soleus muscles via the tibial nerve. The manipulation was
accomplished by first unstrapping the subject’s foot from the isokinetic dynamometer
ankle attachment. The subject remained positioned in side posture as described by
Peterson and Bergmann,’ as the PI applied downward pressure to the subject’s upside
bent knee and a pisiform contact to the subject’s posterior superior iliac spine of the
upside ilium. An impulse through the lumbar segment or sacroiliac joint was then
delivered in the posterior to anterior, superior to inferior and medial to lateral direction
from the PI’s contact hand. The force stemmed from a drop in the PI’s weight toward the
floor, with the line of drive directly through the hypomobile lumbar intervertebral joint or
sacroiliac joint.
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10 second maximal voluntary isometric contraction

The purpose of the MVIC was to induce PAP, and was completed with
methodology similar to that employed by Hamada et al.** and Folland, Wakamatsu and
Fimland.® The torque (Nm) generated for the duration of the 10 second MVIC needed to
be within + 5% of the peak torque obtained during the 2 sets of 3-5 second MVICs 20
minutes prior in order to be considered a valid maximal effort. Torque production that
exceeded this value was also accepted.

The procedure was conducted with an additional specially designed protocol in
the Biodex Advantage software. With the upside foot again securely fastened to the ankle
attachment, the subject was instructed to perform a warm-up of several sets of plantar
flexion contractions of progressively increasing intensity. The participant was reminded
of his/her previous peak torque, and was then instructed to exert enough effort once again
to match or surpass the previous peak torque. As with the previous strength testing, the
subject was provided with visual feedback of his/her effort from the Biodex desktop
monitor displaying the line graph of torque produced in real time, with a fixed horizontal
line on the graph set by the PI at this minimum torque value. Uniform verbal
encouragement was given in the same manner as during the strength testing for the
duration of the 10 second MVIC.

Hmax/Mmax stimulation protocol

The purpose of the stimulation protocol was to identify variation post-treatment in
the temporal profiles of the EMG amplitudes and isometric plantar flexion twitch torque
evoked during the two fixed stimulation intensities at Hmax and Mmax. Given that Hpay is
an inference of the number of MNs being recruited, and Mmax constitutes the entire motor
neuron pool, the proportion of the entire MN pool capable of being recruited can be
deduced with the Hmad/Mmax ratio.® The amplitude of the H-reflex varies among subjects
due to differences in factors such as skin resistance, subcutaneous fat mass, and
proximity of the nerve relative to the stimulating electrode. Thus, Hyax must be
normalized to Muax to enable between-subject comparisons.® Because this normalization
procedure requires the Mpax amplitude to be a stable value, a stimulation intensity of
120% of the value of My« determined during the recruitment curve was used to maintain
consistency of the Mmax amplitude,® thus allowing changes in the Hya/Mmax ratio to be
correctly attributed to changes in Hmax.

During the stimulation protocol, the electrical stimulation intensities (mA) which
were found to actuate Hmax and Myax EMG amplitudes were delivered once more in
alternating sequence for 20 minutes post-treatment. This method allowed for the
calculation of the Hyax/Mnmax ratio, to indicate changes in spinal reflex excitability. The
specific timing and number of stimulations was similar to those employed by Folland,
Wakamatsu and Fimland.®® The timing of the stimulations was controlled by a
customized MATLAB code (Mathworks Inc., Natick, MA). A total of 29 stimulations
occurred, as depicted in Figure 4. The fixed Mnax Stimulation intensity was delivered at
10 seconds, 30 seconds, 50 seconds, 1:30, 2:30, 3:30, 4:30, 5:30, 6:30, 7:30, 8:30, 9:30,
11:00, 13:00, 15:00, 17:00 and 19:00 post-treatment. The fixed Hyax Stimulation intensity
was delivered at 20 seconds, 40 seconds, 1:00, 2:00, 3:00, 4:00, 5:00, 6:00, 7:00, 8:00,
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9:00, 10:00, 12:00, 14:00, 16:00, 18:00 and 20:00 post-treatment. The subject was
instructed to remain as still and relaxed as possible, and to refrain from talking until the
completion of the protocol.
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Figure 8. Hyax/Mmax Stimulation protocol
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Data collected during the Hmax/Mnmax Stimulation protocol were analyzed to
identify changes in the H/M ratio, twitch torque at Hyax and twitch torque at Mmax.
Folland, Wakamatsu and Fimland® have identified subcategories of PAP revealed by
these measures. According to these authors, the Hmax/Mnmax ratio is a measure of electrical
potentiation, as it provides insight into the proportion of the entire motor neuron pool
capable of being recruited under the testing circumstances. Twitch torque at Mpyax IS
considered mechanical potentiation, which is widely thought to be produced by increased
phosphorylation of myosin regulatory light chains.®®®-3%* Also, twitch torque at Hyay is
regarded as the combination of electrical and mechanical potentiation, and therefore, the
most complete measure of PAP.%

Electromyographic and twitch torque data collection

Data from the SEMG sensors and the isokinetic dynamometer were collected
during the electrical stimulations of the Hmnax and Mpax recruitment curve and the
Hmax/Mmax Stimulation protocol. EMG signals were amplified with the Delsys Bagnoli-8
amplifier by a gain of 1000. MATLAB digital signals to the muscle stimulator were
changed to analog by a 16-bit analog-to-digital converter (model BNC-2659, National
Instruments, Austin, TX). All analog signals from the muscle stimulator, isokinetic
dynamometer and Delsys EMG input module (into which the SEMG recording electrodes
and reference electrode were connected) were acquired with the Bagnoli-8 input unit and
converted to digital signals in EMGworks 4.0. Data were sampled at 2000 Hz, and the
EMG signals were bandpass filtered between 20-450 Hz. The peak torque analog signals
were filtered with a fourth order zero-lag Butterworth filter, with a residual analysis
identifying a cutoff frequency of 24 Hz.”*° Al filtered peak-to-peak EMG amplitude
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(mV) and peak twitch torque (Nm) data were then identified in EMGworks 4.0, recorded
and graphed in Microsoft Excel (2013) and statistically analyzed in SPSS Version 21
(IBM Corp., Armonk, NY). An instrumentation schematic is included in Appendix J, and
all subject data are presented in Appendix K.

Data analysis
The Hpax/Mmax ratio was determined by division of the EMG peak-to-peak

amplitudes (mV) evoked at Hyax by the preceding Mmax EMG peak-to-peak amplitudes.
In the treatment group, differences in each of the four dependent variables (Hmax/Mmax
ratios of the gastrocnemius and soleus and the peak twitch torques evoked at Hpy,x and
Mmax) following each treatment form of SMT, MVIC or SMT + MVIC delivered during
the three data collection sessions on three separate days were determined with a two-way
(treatment x time point) repeated-measures ANOVA. Percent changes from baseline
were also calculated for each of the dependent variables, and the same type of ANOVA
was used to determine differences in the effects of each treatment. A Bonferroni
correction served as the post-hoc analysis by pairwise comparisons of treatment means.
Significance was set at P < 0.05. Intraclass correlation coefficiants (2,1) were used with
the five control group subjects to determine the within and between-session reliability of
the Hiax/Mmax Stimulation protocol. Data means of the first three dependent variables
were analyzed at 10 time points post-treatment: 0:20, 1:00, 2:00, 4:00, 6:00, 8:00, 10:00,
12:00, 16:00 and 20:00. Because each Mnax stimulation preceded each Hyax Stimulation,
data means for the fourth dependent variable (peak twitch torque at Myax) Were analyzed
at 0:10, 0:50, 1:30, 3:30, 5:30, 7:30, 9:30, 11:30, 15:00 and 19:00 post-treatment.

All 17 time points post-treatment were not able to be analyzed because of the
limited number of subjects recruited. The 10 time points analyzed, however, constitute an
evenly-spaced distribution of the 17 measurements of Hmax and Myax post-treatment and
include the expected time ranges of treatment effects. PAP occurs immediately post-
conditioning activity, but according to the literature is not measureable in resistance-
trained subjects until the concurrent fatigue subsides after seven to 10 minutes,”®?% so the
inclusion of 6:00, 8:00 and 10:00 in the analysis includes this general time range.

Results

A total of 30 participants were recruited, and data were collected from 25. The
five subjects excluded were due to scheduling difficulties with one individual, a calf
spasm post-testing in another subject, and because an H-reflex could not be elicited in the
other three participants.

Treatment group

A statistically significant difference in the within-subjects effects of the three
treatments (SMT, MVIC or MVIC + SMT) was found in one dependent variable, the
percent change from baseline of Mpax twitch torque (F(18, 342) = 3.843, p = 0.005),
depicted in Figure 16. A statistically significant difference also occurred in the main
effects of the three treatments (with the dependent variable means collapsed across time)
on the Hpmax/Mmax ratio of the soleus (F(2, 38) =5.190, p = 0.017) and the Mpax twitch
torque (F(2, 38) =5.842, p = 0.007). However, significant differences were not present in
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the treatment main effects on the Hmax/Mmax ratio of the gastrocnemius (F(2, 38) = 1.796,
p = 0.185), the percent change from baseline of the gastrocnemius Hmax/Mmax ratio

(F(2, 38) = 0.257, p = 0.700), the percent change from baseline of the soleus Hmax/Mmax
ratio (F(2, 38) = 0.117, p = 0.860), the Hmax twitch torque (F(2, 38) = 3.395, p = 0.053),
the percent change from baseline of Hyax twitch torque (F(2, 38) = 1.315, p = 0.280)

nor the percent change from baseline of M« twitch torque (F(2, 38) = 3.132, p = 0.062).

Figures 9, 11 and 13 show that the Hmax/Mnmax ratio of both muscles and the twitch
torque at Hmax returned to and then exceeded baseline percentages at 2:00 to 3:00 post-
MVIC with and without SMT. PAP is evidenced by the immediate increase in Mmax
twitch torque post-MVIC in Figures 15 and 16. The delivery of SMT only did not induce
PAP, and resulted in the furthest immediate decreases in EMG amplitudes of the H/M
ratios of both the gastrocnemius and soleus (Figures 9 — 12). The Hpax and Mpyax twitch
torques following SMT gravitated the least from baseline levels.

Temporal changes in the gastrocnemius Hmax/Mnmax ratio are illustrated below in
Figure 9 (F(18, 342) = 1.171, p = 0.331) and the percent changes from baseline ratios are
depicted in Figure 10 (F(18, 342) = 1.035, p = 0.393). The Hmax/Mmax ratio is higher
following SMT for all time points, even though it is not statistically significant. The
immediate decrease in the peak-to-peak amplitudes did not return to baseline values until
2:00 after each of the three treatments; there was a trend for the ratios to continue to
increase until 4:00.
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Figure 9. Temporal changes in the gastrocnemius Hmax/Mmax ratio. Mean + SD.
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Figure 10. Temporal changes in the gastrocnemius Hmax/Mmax ratio relative to baseline
amplitudes following each of the experimental conditions. Mean + SD.

Temporal changes in the soleus Hmax/Mmax ratio (F(18, 342) = 1.343, p = 0.243)
are depicted below in Figure 11, and the percent change from baseline ratios (F(18, 342)
=0.808, p = 0.548) in Figure 12. Similar to the gastrocnemius, the Hmax/Mmax ratio is
higher following SMT for all time points. Ratios were depressed following SMT until
2:00. This short PAD was not significant, after which the ratios remained near baseline.
Amplitudes following the MVIC were depressed until 3:00, also not significant, followed
by further, gradual depression for the duration of the 20 minutes. The mean EMG
amplitudes following SMT + MVIC were depressed below baseline levels for all 20
minutes. This depression in amplitudes was also not significant.
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Figure 11. Temporal changes in the soleus Hmax/Mmax ratio. Mean + SD.
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Figure 12. Temporal changes in the soleus Hmax/Mnax ratio relative to baseline
amplitudes following each of the experimental conditions. Mean + SD.
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Temporal changes in twitch torques at Hmax are presented in Figure 13
(F(18, 342) = 1.684, p = 0.143) and the percent changes from baseline in Figure 14
(F(18, 342) = 1.497, p = 0.181). Figure 13 shows that the Hmax twitch torque rose above
baseline at 40 seconds post-MVIC, and immediately post-SMT + MVIC. Each of these
increases in twitch torque was not significant. Twitch torque peaked following both
treatments at 2:00 (but did not reach statistical significance), followed by a gradual
decline. This response is also apparent in the percent changes from baseline in Figure 14,
in which the peak increases are also not significant. Hyax twitch torque following SMT
remained near baseline levels until 9:00 and then progressively decreased.
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Figure 13. Changes in the Hnax isometric twitch torque post-treatment. Mean + SD.
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Figure 14. Percent change of Hyax iSometric twitch torque from baseline following each
of the experimental conditions. Mean + SD.

Twitch torque at Mmax (F(18, 342) = 1.978, p = 0.389) is illustrated below in
Figure 15 and percent changes from baseline of twitch torque at M. are presented in
Figure 16. Twitch torque was immediately elevated following all three treatments, which
remained above baseline levels after the MVIC, until 15:00 following SMT + MVIC and
until 7:30 after SMT. Significance was not reached during the increases in twitch torque
following any of the three treatments (Figure 15).

In the percent change from baseline of My« twitch torque (F(18, 342) = 3.843,
p = 0.005), significant post-hoc differences were identified in the percent change from
baseline of M. twitch torque at several time points, which occurred: at 10 seconds
between SMT and MVIC (p = 0.006), and between SMT and SMT + MVIC (p = 0.024);
at 50 seconds between SMT and MVIC (p = 0.015); at 1:30 between SMT and MVIC
(p = 0.008); at 3:30 between SMT and MVIC (p = 0.006); at 5:30 between SMT and
MVIC (p = 0.037); and at 7:30 between SMT and MVIC (p = 0.038).
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Figure 15. Changes in the Mpyax isometric twitch torque post-treatment. Mean + SD.
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of the experimental conditions. Mean + SD. *p < 0.05.
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Control group
Temporal changes in all four dependent variables measured in the five control

group subjects during both sessions of H-reflex electrical stimulation protocol recordings
on two separate days are displayed below in Figures 17 — 20. The gastrocnemius
Hmax/Mmax ratios are depicted in Figure 17. The mean Hmax/Mnax ratios from day one
were 7.6 + 3.8 during session 1 and 8.2 + 3.6 during session two. The mean Hyax/Mmax
ratios from day two were 9.9 £ 5.3 in session one and 9.3 + 4.1 in session two.
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Figure 17. Temporal changes in the control group gastrocnemius Hpax/Mmax ratios.

The soleus Hpax/Mmax ratios are illustrated below in Figure 18. The mean
Hmax/Mmax ratios from day one were 42.5 + 19.9 during session 1 and 43.4 £+ 17.6 during
session two. The mean Hmax/Mnax ratios from day two were 50.8 + 20.8 in session 1 and
48.8 + 19.6 in session two.
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Figure 18. Temporal changes in the control group soleus Hmax/Mmax ratios.

The isometric twitch torques at Hyax are shown below in Figure 19. The mean
twitch torques from day one were 7.1 = 3.0 from session 1 and 6.6 + 3.6 from session
two. The mean twitch torques from day two were 5.9 + 3.8 in session 1 and 6.0 £ 4.4 in
session two.
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Figure 19. Temporal changes in the control group Hmax twitch torques.
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The isometric twitch torques at My, are displayed below in Figure 20. The mean
twitch torques from day one were 12.2 + 2.7 during session 1 and 11.0 + 2.4 during
session two. The mean twitch torques from day two were 10.2 + 4.1 in session 1 and
10.2 £ 4.9 in session two.
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Figure 20. Temporal changes in the control group Mnax twitch torques.

Table 4 below depicts the intra-rater reliability (ICC, [2,1]) of the four dependent
variables measured during the H-reflex electrical stimulation protocol with the five
control subjects. Expressed as qualitative ratings of agreement,”* 7 of the 16
measurements demonstrated excellent intra-rater reliability (values between 0.75 and 1.0)
and 6 exhibited good reliability (values between 0.60 and 0.74). Poor reliability (values
less than 0.40) was revealed in three measurements: the between-day comparison of
session one gastrocnemius Hyax/Mmax ratios; the day one within-session comparison of
twitch torque at Mmax and the between-day comparison of session one gastrocnemius
Hmax/Mmax ratios.
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Table 4. Intrasession and intersession reliability of the H-reflex stimulation protocol.

Dependent Variable Measurement ICC (95% CI) F (P value)
Gastrocnemius Day 1 W!thin-sess?on 0.772 (0.664, 0.847) 8.152 (<0.001)
Hmax/Mmax Day_2 Within-session 0.756 (0.648, 0.834) 7.349 (<0.001)
Ratio (%6) Session 1 Between-day  0.329 (0.113, 0.512) 2.186 (<0.001)
Session 2 Between-day  0.684 (0.520, 0.793) 5.947 (<0.001)
Soleus Day 1 With?n-sessﬁon 0.863 (0.797,0.909) 13.586 (<0.001)
Hmax/Mmax Day_2 Within-session 0.909 (0.860, 0.940)  21.919 (<0.001)
Ratio (%6) Session 1 Between-day  0.627 (0.369, 0.775) 5.387 (<0.001)
Session 2 Between-day ~ 0.721 (0.541, 0.827) 7.215 (<0.001)
Day 1 Within-session 0.716 (0.588, 0.808) 6.356 (<0.001)
Twitch Torque Day 2 Within-session 0.936 (0.903, 0.958)  29.917 (<0.001)
at Hmax (Nm) Session 1 Between-day  0.633 (0.431, 0.764) 5.142 (<0.001)
Session 2 Between-day ~ 0.831 (0.746, 0.889)  11.498 (<0.001)
Day 1 Within-session 0.037 (-0.150, 0.229) 1.086 (0.353)
Twitch Torque Day 2 Within-session 0.905 (0.858, 0.937) 19.842 (<0.001)
at Mmax (Nm) Session 1 Between-day  0.106 (-0.075, 0.290) 1.288 (0.124)

Session 2 Between-day

0.651 (0.501, 0.761)

5.013 (<0.001)

Abbreviation: ICC = Intraclass correlation coefficient.

Discussion

The results did not support the first research hypothesis that significantly greater
potentiation would be stimulated by the 10 second plantar flexion MVIC with SMT
delivered immediately beforehand versus the potentiation arising from the MVIC only.
Instead, the only significant within-subjects effects occurred in the Mmax twitch torque,
identified in the post-hoc analyses as between SMT and MVIC and between SMT and
SMT + MVIC. The immediate increase in Mmax twitch torque post-MVIC (Figures 15
and 16) was consistent with other reports.®*® As the mechanical component of PAP, the
CMAP induced at the Mmax stimulation intensity is a purely efferent response and thus
any changes in force are due to enhancement of tension production directly within the
myofilaments.®® Specifically, it has been theorized that there is increased phosphorylation
of myosin regulatory light chains, catalyzed by the enzyme myosin light chain kinase.?®
This state is thought to contribute to the enhancement of subsequent contractions by the
positioning of the myosin heads closer to the actin filaments, as well as prompting greater
myoplasmic calcium sensitivity during the actin-myosin interaction.®

While this form of mechanical potentiation occurred following the MVIC both
with and without SMT, the fact that these twitch torques were not significantly higher
than those following SMT after 7:30 suggests a possible shortcoming with the
conditioning activity (Figure 16). It is likely that the single 10 second MVIC did not
induce enough potentiation and concurrent fatigue to reach the second “window” of

enhanced neuromuscular performance described by Sale
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and expanded on by Tillin



and Bishop.'*® While potentiation can occur in the first window, resulting performance is
not augmented to the same degree as when fatigue subsides in the second window from a
conditioning activity of greater volume and intensity. This concept is illustrated below in
Figure 21, reprinted from Sports Medicine, Volume 39, Tillin N and Bishop D, Factors
modulating post-activation potentiation and its effect on performance of subsequent
explosive activities, pp. 147-66, Copyright 2009, with permission from Springer
publishing company (license # 3683330377460).
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Figure 21. A model of the hypothetical relationship between
postactivation potentiation (PAP) and fatigue following
a pre-conditioning contraction protocol (condition).*®

The likelihood of the MVIC not inducing enough fatigue might also explain why
the duration of PAD was relatively shorter than what is reported in the literature. For
resistance-trained subjects, a rest time of at least seven minutes post-conditioning activity
has been shown to result in enhanced subsequent performance of explosive.”® However,
these results were also reached from studies in which the majority of the experimental
designs incorporated multiple sets of multi-joint exercises as the conditioning activity.
PAP did occur nonetheless, as Figures 14 and 16 show the twitch torques at Hyax and
Mnmax €xceeded baseline recordings immediately post-MVIC with and without SMT. This
time course of potentiation is also similar to the results of Folland, Wakamatsu and
Fimland,®® whose methodology (including the single 10 second MVIC) served as the
basis for this experiment.

It is also possible that the shorter delay in potentiation compared to other studies
may be related to the second research hypothesis, that SMT with the MVIC would
decrease the time span of PAD, and trigger an earlier onset of PAP compared to the
MVIC only. While decreased durations of PAD did not occur in the Hmax/Mmax ratios of
both muscles and their percent changes from baseline (Figures 9 — 12), it did transpire in
the Hpax twitch torque. Figure 13 shows that the twitch torque rose above baseline
immediately post-SMT + MVIC, compared to at 40 seconds post-MVIC.
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It has been found that a conditioning activity of multiple sets at moderate
intensities (60-84% of 1RM) produce the greatest potentiation.**® However, a single 10
second MVIC was chosen for three reasons. The first reason is it was thought by the Pl
that a maximal intensity contraction would compensate for only one set in view of the
recommended moderate intensity with several sets. Second, the single plantar flexion
MVIC of the same duration was what Folland, Wakamatsu and Fimland®® employed,
which resulted in much a greater potentiated response in only recreationally active
participants. PAP has also been documented following five second plantar flexion
MVICs employed in two other studies.®**® The third reason in support of using the
single MVIC is because it is important to minimize subject movement with H-reflex
testing. An isometric contraction helps ensure that the data are minimally influenced by
subject movement and accurately reflect the effects of the treatments as much as possible.
Furthermore, it has been reported that a significant difference does not exist in
potentiation resulting from static compared with dynamic activities.'*

The third hypothesis was that the gastrocnemius muscles would yield much
greater potentiation than the soleus, in line with several authors’ conclusions that a
potentiated response post-conditioning activity is much more likely in muscles with a
high proportion of Type Il muscle fibers.>*®%3% The results of this study support this
concept, evident in the contrast between the percent change from baseline of the
gastrocnemius and soleus Hmax/Mmax ratios in Figures 10 and 12, respectively. In addition
to greater phosphorylation of myosin regulatory light chains and increased calcium
sensitivity of the myofilaments,®®®42% it has been hypothesized that stimulation of
sodium-potassium active transport also may occur.®*?* This effect would also be more
pronounced in Type I fibers, which have a greater density of sodium-potassium pumps
within the sarcolemma.®* Likewise, the inclusion criteria of this study were chosen in
consideration of these factors, to ensure that subjects possessed a sufficient percentage of
Type Il fibers for a potentiated response to be recorded. The final research hypotheses
was that SMT only would result in PAD for less than one minute, followed by the return
of EMG amplitudes and isometric twitch torques to baseline levels. This prediction was
consistent with findings in the manual therapy literature.®®#>%” The temporal profiles of
the Hmax/Mnmax ratios of the gastrocnemius and soleus, however, reveal that the peak-to-
peak amplitudes of both muscles did not return to baseline until 2:00 post-SMT (Figures
9 —12). Perhaps a greater relaxation response was initiated in this sample population than
in the subjects of other studies.

According to the sub-classifications of potentiation from Folland, Wakamatsu and
Fimland,®® SMT paired with the MVIC did not augment electrical potentiation as per the
results of the temporal and percent changes in the Hyax/Mmax ratios of the gastrocnemius
and soleus (Figures 9 - 12). The twitch torque at M. following SMT + MVIC revealed
no significant mechanical potentiation of SMT + MVIC (Figures 15 and 16), and the
twitch torque at Hpax also indicated no significant increase in the combination of
electrical and mechanical potentiation following SMT + MVIC (Figures 13 and 14). In
light of this information, neither CNS excitability nor phosphorylation of myosin
regulatory light chains was significantly increased when HVLA SMT was delivered
immediately before contractile activity to induce PAP.
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The lack of overall significant differences between the effects of MVIC versus
SMT + MVIC do not support the premise that SMT enhances PAP. This lack of
statistical significance was also due to the substantial inter-subject variability in the
means at each time point. The wide spread in the data occurred even with the use of a
common normalization procedure of Hmax (the Humax/Mmax ratio)®® However, another
consideration is the reliability of the H-reflex recordings during the electrical stimulation
protocol as revealed by the within and between-session reliability of the control group.
The most likely explanation for the poor reliability of three of the 16 measurement
comparisons is because the first subject produced the widest range of data. These data
were not outliers, but their presence created greater overall variability considering that
responses from only four other subjects were recorded. It is unable to be determined from
the literature reviewed for this investigation why ICC values or other analyses of
instrumentation reliability were not reported. A number of different contributing factors
may apply to this scenario. This lack of reporting may be due to the fact that, as was the
case in the current investigation, these results were not anticipated. In addition to
reliability studies, future research efforts incorporating the H-reflex need to include the
results of reliability analyses of the instrumentation/control group. Exercise science
research may introduce more factors which may increase the likelihood of greater
variability in responses to H-reflex stimulation protocols than in clinical uses of the H-
reflex. It is established in the literature that with the Hmax/Mmax Normalization procedure,
the soleus H-reflex has high reliability, widely reported as an ICC (2,1) of 0.975 or
higher.%>:240

Clinical studies of the effect of SMT on H-reflex amplitudes® %% and of PAP
on the H-reflex in exercise science journals®*?*?'!include comparable variability in
EMG peak-to-peak amplitudes and/or isometric twitch torque. For example, Fryer and
Pearce reported mean Hpax/Mmax ratios (%) of 17.32 + 9.92 (Mean * SD) following
lumbosacral HVLA SMT via tibial nerve stimulation of the lateral gastrocnemius in
subjects who were asymptomatic with regard to low back pain.®® Similarly, in their
investigation of neuromechanical mechanisms of PAP, Folland, Wakamatsu and Fimland
reported Hyax/Mmax ratios (%) of 23.6 £ 11.1 at one minute post-MVIC and 31.5 £+ 15.4 at
five minutes; their results were drawn from femoral nerve stimulation of the quadriceps
femoris.?® By comparison, the means of the Huax/Mmax ratios (%) measured in this study
at one minute post-treatment were 6.5 £ 3.5 after SMT, 6.3 * 3.4 following the MVIC
and 5.4 + 3.1 after SMT + MVIC. At five minutes post-treatment, the Hpyax/Mmax ratios
were 7.5 + 3.9 after SMT, 7.0 + 4.2 following the MVIC and 5.8 + 3.6 after SMT +
MVIC.

A final consideration is that the most active subjects and also the closest to the top
tier of PAP responders (high level athletes)’® were subjects 10, 16 and 22 (Figures 18 —
21). The percent changes from baseline in the Hmax/Mmax ratio of the gastrocnemius are
shown in Figure 18 and in the soleus in Figure 19. Both figures reveal that electrical
potentiation was induced in these three NAIA Division | baseball players only following
the MVIC. Figure 20 illustrates their Hmax twitch torque percent change from baseline,
which is similar to the means of the rest of the subjects following SMT + MVIC (Figure
14). The Mpax twitch torque percent change from baseline is displayed in Figure 21.
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Compared to the means of all 20 subjects (Figure 16), a greater amount of mechanical
potentiation was recorded in these three subjects following SMT + MVIC.
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Figure 22. Temporal changes in the gastrocnemius Hpmax/Mmax ratio relative to baseline
amplitudes following each of the experimental conditions in subjects 10, 16 and 22.
Mean + SD.
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Figure 23. Temporal changes in the soleus Hmax/Mnax ratio relative to baseline
amplitudes following each of the experimental conditions in subjects 10, 16 and 22.
Mean + SD.
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Figure 24. Temporal changes in the Hnax isometric twitch torque relative to baseline
twitch torques following each of the experimental conditions in subjects 10, 16 and 22.
Mean + SD.
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Figure 25. Temporal changes in the Mpax iSometric twitch torque relative to baseline
twitch torques following each of the experimental conditions in subjects 10, 16 and 22.
Mean + SD.
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The data from subjects 10, 16 and 22 hint that a greater sample size of subjects
who are all college athletes might have produced more significant differences in the
overall effects of the treatment means. A post-hoc power analysis depicted below in
Table 5 reveals that for adequate power (0.80), 10 more subjects were needed for the
gastrocnemius Hpyax/Mmax ratio percent change from baseline, 19 more subjects for the
soleus Hmax/Mnmax ratio percent change from baseline and one more subject for the Hpmax
twitch torque percent change from baseline. Conclusions cannot be drawn from this post-
hoc analysis as to a potential difference in the efficacy of any of the three treatments;
rather, these data are provided due to the greater than expected variability in the results.

Table 5. Within-subjects effects and post-hoc power analysis.

Soleus Hmax Mmax
H/M ratio Torque Torque
%A from %A from %A from

Gastrocnemius
Result H/M ratio %A
from baseline

baseline baseline baseline
Sphericity 0.420 0.692 0.088 0.000
e e assumed
Significance
(@=0.05) Greenhouse
-Geisser 0.393 0.548 0.181 0.005
correction
Effect size  partial 0’ 0.052 0.041 0.073 0.168
Sphericity 0.735 0.594 0.910 1.000
assumed
Observed
power Gre«_anhouse
-Geisser 0.304 0.281 0.582 0.905
correction
Power =
Post-hoc 0.80 30 39 21 12
minimum _
sample size g%v%/er - 45 57 33 15

It is also interesting to note that subjects 10, 16 and 22 were among the 13
subjects who denied any form of supplement consumption on the health history
questionnaire, so hypothetically might have had yielded even greater PAP with
supplement use. Among the 12 other subjects, supplement usage included multivitamins,
protein powder, branched chain amino acids (BCAAs), pre-workout supplement, creatine
and fish oil. These other 12 subjects still participated in the study because the only
supplement that would have directly impacted the testing would have been the pre-
workout ergogenic aid, and subjects claimed that any caffeine intake was not within
several hours of testing. All subjects also denied anabolic steroid use.
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Limitations

Although the connection between la afferents and aMNs in the ventral horn of the
spinal cord is monosynaptic, the H-reflex is not a pure measure of CNS excitability.?%¢>
Modification within the CNS occurs in the form of presynaptic inhibition descending
from supraspinal influences and in the periphery from inhibitory actions of the Golgi
tendon organs along Ib afferents as well as cutaneous afferents®’ (hence the need to
minimize subject movement during data collection). If rigorous methodology is not
exercised, these inhibitory inputs can significantly alter the monosynaptic
neurotransmitter release. As a result, the amplitude of the H-reflex would be decreased,
irrespective of actual changes in aMN activity and possibly leading to false negative
results regarding the efficacy of the treatment.®*®

A consequence of the filtering needed to convert the raw EMG signals and torque
data into quantifiable signals was the resulting partially incomplete depiction of the total
electrical activity and torque production occurring in the gastrocnemius and soleus
muscles during the electrical stimulations. The SEMG recordings also included the
potential for crosstalk, most notably from the peroneal muscles with the collection of the
lateral gastrocnemius EMG amplitudes. The effect of adipose tissue detracting from the
EMG amplitudes also cannot be discounted, even though most of the sample population
exhibited low body fat percentages.*®’ Intersession variability in the placement of the
stimulating and recording electrodes was another limiting factor. Since the Sharpie pen
“x” marks underlying each site faded between sessions, these exact points had to be re-
measured during subject preparation at the beginning of each session. In addition, despite
the best efforts of the PI, other measurement errors were likely due to factors such as
inducing inexact Hmax and Mpax Stimulation intensities with the turn dial on the Digitimer
muscle stimulator. Also, despite the measures taken to prevent the heel from lifting off of
the foot plate of the ankle attachment, the two padded straps cinched around the subject’s
upside femoroacetabular joint and downside thigh and visual observance by the Pl, a
slight amount of cephalad axial translation inevitably occurred during the electrical
stimulations, detracting from the full isometric twitch torques.

Subject heterogeneity was another limiting factor to extrapolation of the results,
specifically regarding age, anthropometric measures, supplementation use, relative and
absolute strength and also the neural recruitment patterns of the subjects,*® despite all
meeting the inclusion criteria. Ideally, the entire sample population would engage in the
same training regimen and explosive athletic activity/sport to display less variability in
neural recruitment factors and possibly a greater proliferation of Type I1x fibers.
Furthermore, the CMAPs induced by electrical stimulation under controlled laboratory
conditions have limited applicability to training or competition. The electrical
stimulations to invoke the H-reflex bypass the muscle spindle, which are essential in the
coordination of muscle fiber recruitment during physical activity. Nonetheless, the results
are intended supplement what is currently known regarding the neurophysiological
effects of SMT, with specific application to PAP in a resistance-trained sample
population. More studies are needed which include multiple sets of compound exercises
like the majority of the conditioning activities implemented to induce PAP in the exercise
science literature for more direct inferences on performance enhancement.
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Conclusions

The delivery of side-posture, lumbosacral HVLA SMT immediately preceding the
10 second plantar flexion MVIC did not produce a significantly greater amount of
potentiation than that following the MVIC alone. However, given the substantial
variability present in all of the measurements, different results might have been yielded
with the recruitment of a larger number of subjects. The effects of SMT alone were
similar to those reported in the manual therapy literature, with a slightly longer duration
of EMG amplitude attenuation.
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Chapter 5: Summary discussion

Introduction

Chronic intervertebral joint hypomobility, referred to by many synonyms, such as
a manipulable lesion by chiropractors and somatic dysfunction by osteopaths, is believed
to precipitate several clinical consequences. In addition to decreased range of motion and
a predisposition to an earlier onset of degenerative changes and pain, other factors are
thought to occur due to associated neural dysfunction. These factors stem from the
alteration of afferent input from mechoreceptive structures in the peripheral nervous
system. 2% This hyperactive state is thought to lead to altered somatosensory
integration within the CNS with increased nociception and decreased
mechanoreception.?®® The purported clinical result is a facilitated state of hypertonicity
of the segmentally innervated musculature,'***?* which perpetuates a cycle of faulty
movement patterns, postural distortions, myofascial trigger points and pain.*

SMT, in addition to improving joint kinematics, is thought to positively affect
neural functioning.t!9120128.136.138 |+ has heen postulated that the facilitated state is
silenced with the barrage of afferent signals from each of the mechanoreceptive structures
of the intervertebral joint complex triggered by HVLA SMT (such as the facet joint
capsule, dorsal root ganglion, intervertebral disc and muscle spindles and golgi tendon
organs of the instrinsic muscles of the spine).}?® As a result, the gamma gain of the
muscle spindles would be decreased, leading to a relaxation response.*1%°120165 Thjs
immediate resulting improvement in joint ROM and decreased muscle hypertonicity and
pain is thought to create a window for increased effectiveness of other forms of therapy;
these procedures typically include corrective exercises and postural retraining to address
any muscle imbalances or other factors contributing to the spinal joint fixations. Related
home care recommendations often include holistic factors such as ergonomic corrections,
stress management techniques and nutritional advice.

Research investigations of these purported neurophysiological effects in the
manual therapy literature have revealed various changes in CNS activity in response to
SMT in both symptomatic (back pain) and asymptomatic subjects. Various forms of
instrumentation has been employed for this purpose, such as transcranial magnetic
stimulation (TMS), twitch interpolation, various pain sensitivity measures, surface and
indwelling EMG and the H-reflex. However, inconsistent results have been reported with
each of these measures. For example, increases in motor neuron excitability**1416-118 a5
well as unchanged MEP amplitudes®®*® have been documented during TMS
measurements post-SMT. Similar variance has been reported in the peripheral nervous
system with analyses of changes in SEMG amplitudes subsequent to SMT." 2% These
results include no change or a decrease in amplitudes in resting muscle activity, which
was correlated with muscle hypertonicity pre and post-manipulation. Conversely,
significant increases in EMG amplitudes have also been reported during MVICs in both
symptomatic and asymptomatic participants.®**"*“® Several authors!%+19120.130.131 a0
attributed the changes in neural activity post-SMT to altered CNS processing of afferent
input from the segmentally-innervated structures of the restricted intervertebal joint. It
has been further proposed that the perpetual aberrant afferent signals of the fixated
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motion segment are ameliorated by the dynamic stimulus during HVLA SMT. This event
occurs in response to the afferent bombardment generated from mechanoreceptive
structures of the joint complex and concomitant neuroplastic changes in CNS processing
of the mechanoreceptive input.**3*

Apart from these chiropractic and osteopathic theories, however, the significance
of the reported neurological measures post-SMT are not understood. The physiological
response with inclusion of contractile activity following SMT is also unknown. It was
thought that since increased neural activity in back pain patients as well as in
asymptomatic subjects has been documented at rest, the neuromuscular effects of SMT
would work synergistically with CNS mechanisms of PAP in healthy participants. This
hypothesized augmented neural functioning was hypothesized to occur due to factors
such as decreased aMN inhibition within the ventral horn of the spinal cord.”® The
removal of restrictions in neural signal propagation also was considered, such as in one
example of reported increases in H-reflex EMG amplitudes immediately post-SMT in
patients diagnosed with a lumbar disc herniation.”® The first study therefore investigated
if these effects would occur in healthy, college-aged subjects, thereby enhancing strength.
As the efficacy of both SMT and PAP has been attributed in part to changes in CNS, the
second study included physiological measurements of PAP in resistance-trained
participants.

Research questions and hypotheses

The first study was completed to determine if gross muscle strength can be
enhanced following the delivery of SMT. The findings were also used for comparison
with reported strength increases during MVICs post-SMT in other studies, as well as to
add to these results with the inclusion of dynamic contractions. These objectives were
accomplished by measuring the effect of HVLA SMT delivered to the lumbar spine
and/or sacroiliac joint on peak torque production measured during isometric and
concentric isokinetic MVCs of knee extension and flexion. Based on previous studies, it
was hypothesized that significant differences would be found between the peak torques
following SMT and the sham manipulation at five minutes post-treatment, but not at 20
minutes. It was also estimated that the significant increase in peak torque generation
would be most notable during the isometric contractions.

The second study delved further into the neurophysiological effects of SMT by
investigating if the same form of lumbosacral HVLA SMT affects spinal reflex
excitability. This was assessed using PAP as a measurement tool, indicated by changes in
peak-to-peak EMG amplitudes and twitch torques of the gastrocnemius and soleus during
tibial nerve H-reflex electrical stimulations. These data were associated with a commonly
cited contributing factor to PAP, in which increased CNS drive post-contractile activity
results in increased motor unit recruitment and force production. It was hypothesized that
SMT delivered immediately before a 10 second plantar flexion MVIC would result in
greater PAP than from the MVIC only. In addition, it was thought that the addition of
SMT would induce a faster onset of PAP, which would be revealed to a much greater
extent within the gastrocnemius than the soleus. Additionally, it was presumed that SMT
would not generate a potentiated response, but rather decrease spinal reflex excitability
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for less than one minute, followed by a return of EMG amplitudes and twitch torques to
baseline levels.

The rationale underlying the hypotheses of both studies was based on several of
the effects of SMT reported in the manual therapy literature. These effects include the
amelioration of possible hampered impulse-based mechanisms of nerve conduction
arising from nerve root compression and inflammation, a decrease in muscle inhibition
which was reported in healthy subjects* in addition to those with anterior knee pain®>*
and the generation of a massive influx of mechanoreceptive afferent input within the
CNS from the mechanoreceptors of the intervertebral motion segment during the HVLA
thrust. It has been proposed within chiropractic and osteopathy literature that this
bombardment of afferent information may silence facilitated gamma motor neuron
activity and restore normal muscle tone,**1%12%1% thys possibly improving ROM and the
length tension-relationship of the intrinsic muscles of the spine. The results of both
studies would therefore occur because of enhanced PAP with a synergistic increase in
CNS excitability and neural drive, thereby increasing aMN recruitment, firing rate and
resulting force generation.

Discussion

It was found in the first study that a statistically significant difference did not
occur between the effects of lumbosacral SMT or the sham manipulation in the percent
changes of knee extension and flexion peak torques at 5 and 20 minutes post-treatment.
In the second study, an overall significant difference did not occur in the potentiation that
was induced by the delivery of SMT immediately preceding the MVIC compared to the
MVIC alone. Considering only the significance levels of the within-subjects effects from
the repeated measures ANOVAs of these two investigations, the inclusion of HVLA
SMT pre-training or pre-competition is not supported. This is because the results of the
repeated measures ANOVASs did not indicate significant differences between the effects
of the treatments with and without SMT. These results are in contrast to previously
published studies using SMT,>**°*% which used poor experimental designs and
inadequate strength testing methods. Specifically, these limitations include small sample
sizes, lack of a control group and/or not utilizing the most reliable strength measurement
methods of isokinetic dynamometry or a load cell. Moreover, less than half of the studies
implemented a randomized, controlled experimental design. This unfortunately is also the
case with four of five studies which have investigated the direct effects of SMT on sports
performance, which included dancers, female distance runners, sprinters and jumpers,
baseball players and golfers.?*?%%°

The studies included in this work were designed to overcome the limitations of
these other investigations while analyzing the effects of SMT on performance and neural
excitability. However, based on the results, athletes' utilization of spinal manipulation
may only yield clinical benefits, such as a relaxation response, and possibly improving
joint kinematics. As such, anecdotal claims of performance enhancement post-SMT could
be due to a placebo effect?® as a consequence of therapeutic touch.?*%" A final
consideration is a possible publication bias, as only 2 of the 22 studies on strength
modulation post-SMT3*%° (20 of which reporting a significant effect of SMT344446:48-55)
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were published in non-chiropractic or manual therapy-related journals.*®*® Moreover,
many of these authors reported funding by chiropractic organizations. While this situation
certainly does not guarantee such a bias, it hints at a greater likelihood of its occurrence.

While the data presented here do not support the use of SMT, it cannot be
definitively concluded that SMT does not enhance strength and/or PAP. In both
experiments, a large amount of variability was present in all of the dependent variable
measurements, thereby reducing the likelihood of detectable significant differences
between the effects of each treatment. Another consideration is that in the first study,
only about half of the subjects required by the power analysis were recruited due to time
constraints. In the second study, more subjects were needed for analysis of all time
points. In both cases, a significant difference might have been revealed with a greater
number of participants. This is especially evident in the second study, in which a
difference in the means at each time point following each of the three treatments was
evident with each dependent variable. Thus, it is plausible that significant differences
between each treatment could have been detected with a larger sample size and greater
subject homogeneity, such as with all collegiate or professional athletes on the same team
to ensure the same training regimen (with slight variations for each position but the same
overall). This possibility is evidenced by the results of subjects 10, 16 and 22, who were
the most active of all 25 participants. However, in view of elite athletes, the subject
category shown to exhibit the greatest potentiated response to conditioning activities, "
they are still within the second tier subject classification of resistance-trained.

An additional consideration is that although all subjects met the inclusion criteria,
they participated in an eclectic mix of physical activities which resulted in a wide variety
of training goals, such as strength, power, hypertrophy and endurance. This resulting
heterogeneity in subjects’ training regimens and muscle fiber type distributions most
likely created a wide range of motor unit recruitment patterns, as evidenced by the
sizeable variability in the means of each dependent variable. It is interesting to note that
during data collection, Subjects 10, 16 and 22 completed only one to two days per week
of cardiovascular endurance training. The rest of their time was spent completing
resistance training and position-specific training. Consequently, these three subjects
likely presented with a high proportion of Type IIx muscle fibers and higher rate coding
acquired from the incorporation of Olympic lifts in their training programs. These
characteristics likely contributed to their more pronounced potentiated response,
particularly revealed as a greater increase in mechanical potentiation (Figure 21).

The question of whether HVLA SMT changes CNS excitability in the second
study was resolved with both decreases as well as increases in H-reflex amplitudes.
Consistent with the manual therapy literature,2#8%7 the decrease in EMG amplitudes
and peak twitch torque following SMT could be due to a relaxation response possibly
from silencing facilitated gamma gain of the musculature of the restricted Sl joint. The
increase in the means of these dependent variables was induced by the CNS stimulation
from the MVIC, as per the decreased PAD revealed in the temporal profile of Hyax twitch
torque in Figure 13. If a greater proportion of the MN pool was activated, it would
correspond with reports of increased CNS excitability in healthy subjects following
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SMT. These changes in neural activity have been recorded at the cortical level with
increased MEPs measured during TMS™"8 as well as at the spinal level with decreased
muscle inhibition as revealed by twitch interpolation.** However, the changes in
excitability observed in this investigation are not in support of the research hypothesis
that SMT may enhance PAP. Since significant differences in the treatment effects were
not present, it cannot be stated that a greater increase in synaptic transmission occurred
between la afferents and aMNSs with the inclusion of SMT. This occurrence is theorized
to be triggered by several factors, including increased neurotransmitter released by the
afferent terminals, greater frequency of firing and recruitment of more Type lIx fibers
and/or less inhibition from the cortical level or from peripheral afferents such as Golgi
tendon organs along Ib fibers. Motor unit recruitment evoked by submaximal electrical
stimulation via the la afferent pathway transpires according to the size principle.>®°">21
Consequently, if the reflexive EMG amplitude at Hmax is increased post-contraction,
then it is presumed in light of this standard that the next units to be recruited would be
the larger, high-threshold, fast-twitch motor units. The direct activation of aMNs, which
progresses with increasing stimulation intensities higher than Hpax, theoretically reaches
full muscle activation, and thus recruitment of all motor neurons at Mmay.

It has been reported that subjects with back pain as well as asymftomatic subjects
of various fitness levels have all shown increases in strength post-SMT >44446:4850.52:55
When the clinical effects of SMT were assessed with the H-reflex, it was found that the
depression in peak-to-peak EMG amplitudes returned to baseline within one minute of
the manipulation in most cases. In the exercise science literature, it has been concluded
that PAP is induced in high level athletes and to a lesser degree in resistance-trained
subjects, but not recreationally active.”® Considering the sample populations of both
experiments within this manuscript, the results parallel those of the journals in both
fields. In the first experiment, a significant difference was not evident in isometric or
isokinetic peak torque production of knee extension and flexion in recreationally active
participants. However, to some degree these data may also reflect the general differences
between novice and experienced weightlifters, such as in motor unit recruitment and
synchronization and muscle cross-sectional area.’®> Hypothetically, the greater the
presence of these factors, the greater likelihood that improvement in their function will be
shown following the treatments. A similar result occurred in the second experiment with
resistance-trained subjects, in which the pairing of SMT with the MVIC did not produce
a significant difference in PAP compared to the MVIC only. Despite a difference evident
in the effects of each of the three treatments on the dependent variables, which may have
been statistically significant with a greater n, SMT did not enhance PAP in resistance-
trained subjects. Again considering the first study, the inclusion of SMT also did not
modulate isometric or isokinetic strength in recreationally active or sedentary subjects.
Because of these results, inferences cannot be made regarding the implementation of
SMT pre-training or pre-competition in any cycle of periodized resistance training. Such
extrapolation must also be withheld because only three longitudinal studies of the effects
of SMT on athletic performance have been completed.?3*%%2%
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Conclusions

The results of the first study (Chapter 3) suggest that spinal manipulation does not
yield a strength-enhancing effect in healthy, recreationally active college-aged subjects.
The second study results (Chapter 4) imply that anecdotal claims of enhanced athletic
performance following SMT may only be due to placebo effect. However, extensive
further research incorporating larger sample sizes must be conducted on SMT to develop
a central defining paradigm of the neurophysiological effects of the treatment. This
information must have equal application to the fields of healthcare and exercise science
to allow for hypothesis testing of strength and/or PAP modulation post-treatment. Until
the results of these investigations are established, it cannot be definitively implied that the
treatment is not effective in enhancing the performance of explosive athletes, especially
given the factors considered in Chapter 2 in support of this possible enhancement.

Future Research

Concerning the first study, future related research is needed involving a larger
sample size and with a sample population of a more narrow age range and that is
physically more homogenous and highly motivated to generate maximal contractions in
the absence of verbal encouragement. Fatiguing contractions should also be measured
post-manipulation to generate an idea of the effect on recruitment of Type | fibers for
comparison to what has been found involving MVC/MVICs. Also, more experiments
must also be designed to compare the strength-modulating effect of SMT in symptomatic
and asymptomatic groups of subjects. Regarding the second study, a larger sample size of
elite athletes is necessary, as well as a conditioning activity of higher volume and
intensity to result in enough fatigue that the second window of PAP is reached. In
addition, this conditioning activity should be a closed chain exercise (such as back
squats) in order to allow for more direct comparison with the conditioning activities
employed in PAP studies in the exercise science literature.

Research is also needed incorporating several forms of instrumentation to further
investigate the neurophysiological effects of SMT (such as EMG, MEPs, SEPs, Tl and
the H-reflex) in a repeated measures design. Ideally, these measurements would be taken
at rest as well as pre and post-conditioning activity to induce PAP to compare general
changes in CNS excitability post-SMT and generate a complete picture of CNS effects.
This experimental design would allow for identification of changes in PAP to be
localized to the cortical, spinal, and peripheral levels under conditions of both rest and
PAP. A different H-reflex set-up should also be used, possibly prone with the inclusion of
Thompson technique (drop table manipulation) or mechanically-assisted SMT, such as
with the Activator Instrument.

Measures of the effects of SMT of PAP also need to be taken in addition to the
neurophysiological effects, and instead related to the most commonly cited theory of PAP
being attributed to increased myofilament sensitivity to calcium, in consideration of the
mechanical potentiation evident in the My twitch torques of subjects 10, 16 and 22.
Finally, studies involving longitudinal data collection must take place in order to
elucidate the optimal timing for the inclusion of SMT in the pre-training and pre-
competition settings, should future evidence of the efficacy of SMT in enhancing PAP
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and athletic performance be established. These investigations should also account for
clinical factors such as the presence of myofascial trigger points, Upper Crossed/Lower
Crossed Syndrome and muscle imbalances, with possible relation to functional training
assessment and recommendations. The effect of the full complement of in-office
procedures on changes in peak torque and/or PAP provided by all healthcare practitioners
who employ manual therapy should also be investigated. These procedures include the
use of modalities such as the application of heat packs, interferential current, cold laser
and therapeutic ultrasound, as well as different forms of stretching such as passive, active
assisted, dynamic and proprioceptive neuromuscular facilitation (PNF). Athletes rarely
receive SMT alone, but in conjunction with these listed modalities; therefore, the analysis
of these additional factors may provide insight for manual therapists with the secondary
goal of optimizing an explosive athlete’s training and performance and further promote
collaboration with strength and conditioning professionals.
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Appendix A: Study #1 subject recruitment flyer

Chiropractic and Strength
Research Study

The purpose is to determine if adjusting the lower back can be
correlated with lower extremity strength gains. Measurements will be
taken during different types of muscle contractions with an
instrument called an isokinetic dynamometer.

Please reply if you:

Are between the ages of 20-35

Do not have low back, pelvic or leg pain

Have never received chiropractic treatment

Are interested in knowing the strength of your quadriceps and

hamstrings

Contact:
Grant Sanders, D.C. A "

Principal Investigator

tdsanders@ il. ®
2165000231 KENTUCKY
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Appendix B: Study #1 medical history intake form

Subject #

INTAKE FORM

Today's Date:

PAST MEDICAL HISTORY

YES

CHECK YES OR NO FOR EACH QUESTION

DATE AND DESCRIPTION

Have you ever been treated by a chiropractor?

Do you currently have pain in your lower back,
abdomen or legs?

Any previous injuries to these areas?

oig Oooa

ojol o |(Oo]3

Any surgeries performed in these areas?

O

a

Any previous illness, infection or disease involving
your: abdomen, digestion, liver, kidney,
autoimmune system, nerves, skin, muscles,
collages, blood, connective tissue, joints, brain,
spinal cord or spine?

Recent and unusual problems with balance,
walking, talking, vision, ringing in the ears, light
headed, dizziness, fainting, swallowing, seizures,
sudden onset of severe headache or neck pain/
stiffness, arm/leg weakness or vomiting?

O

O

Women only: Is there any chance that you are pregnant?

YES

HAVE YOU EVER BEEN DIAGNOSED WITH:

DATE OF DIAGNOSIS

Cardiovascular disease

Blood clotting disorder

Stroke

Aneurysm

Thromboembolism

Vascular/neurogenic claudication

Lumbar disc herniation

Cauda equina syndrome

Spondylolisthesis

Scoliosis

Diabetes

Any type of bone disease (such as osteoporosis)

mlinlinlinlinlinlinlininlin)iniin]i

EIEII:IEIEIDEIEIEIEIEIEIEI%

Any type of joint disease (such as arthritis)

| OTHER INFORMATION

O YEs O NO

If so, what type of exercise?

J YES I NO Have you consumed caffeine today?
0 YES OO NO Are you on any pain medication right now?
O YES (I NO Any recent dietary changes?

Have you exercised during the past few days?
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Appendix C: Study #1 informed consent

IRB Approval
(2 -0280

THIS FORM VALID

il ufie

Consent to Participate in a Research Study

Pilot Study: Effects of Lumbar Spine Manipulation on Isokinetic Strength of the Knee Extensors
and Flexors.

WHY ARE YOU BEING INVITED TO TAKE PART IN THIS RESEARCH?

You are being invited to take part in a research study to help determine how low back adjustments
impact the muscles of the lower extremities. You are being invited to take part in this research study
because you are between 20 and 35 years of age, have no problems or pain in your lower back or legs
and also have never received chiropractic treatment. If you volunteer to take part in this study, you will
be one of about 50 people to do so.

WHO IS DOING THE STUDY?

The person in charge of this study is Grant Sanders, who is a licensed chiropractor in the state of
Kentucky and a doctoral student in the Kinesiology and Health Promotion Department of the University
of Kentucky. He is being guided in this research by J.W. Yates, PhD. There may be other people on the
research team assisting at different times during the study.

WHAT IS THE PURPOSE OF THIS STUDY?

By doing this study, we hope to learn if adjusting the lower back impacts the performance of different
types of muscle contractions with an instrument called a dynamometer (a device that allows us to
measure muscle performance).

ARE THERE REASONS WHY YOU SHOULD NOT TAKE PART IN THIS STUDY?
You will not be eligible to participate if you:

1. Have any pain in your lower back, abdomen or legs.

2. Have ever had any of your joints or your back adjusted by a manual therapist (chiropractor,
osteopath, physical therapist).

3. Have a history of vertigo (dizziness with standing).

4. Experience dizziness, nausea, vomiting or fainting with certain head movements.

5. Have recently experienced a sudden onset of severe headache or neck pain/stiffness.

Form C: Medical IRB Informed Consent Template 1 University of Kentucky
F1.0150 Revised 7/28/11
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6. Have ever been diagnosed with:
a. cardiovascular disease
b. blood clotting disorder
stroke
aneurysm (bulge of a major blood vessel)
thromboembolism (blood clot that blocked blood flow)
vascular/neurogenic claudication (pain and discoloration in the lower legs with walking)
lumbar disc herniation
cauda equina syndrome
spondylolisthesis (displacement of spinal structures)
scoliosis (curvature of the spine to the side)
diabetes
any type of bone disease (such as osteoporosis)
m. any type of joint disease (such as arthritis)
7. Have ever undergone any surgical procedures in your lower back, abdomen, pelvis or thigh/leg.
8. Are pregnant.

mET R MO AL

WHERE IS THE STUDY GOING TO TAKE PLACE AND HOW LONG WILL IT LAST?

The research procedures will be conducted at the Biodynamics Laboratory located in the Wenner-Gren
Center for Biomedical Engineering. You will need to come to the Biodynamics Laboratory 3 times
during the study. Each of those visits will take about 1 hour. The total amount of time you will be asked
to volunteer for this study is 3 hours over the course of 3 days.

WHAT WILL YOU BE ASKED TO DO?

You will be asked to report to the Wenrier-Gren Center for Biomedical Engineering at three previously
scheduled dates and times. All procedures will take place in the Biodynamics Laboratory.

1. Brief medical history
a. Fill out a short form during your first visit to confirm that you are eligible to be in the study.
2. Physical Exam
a. After the medical history, a basic neurological assessment will be performed. It will include:
i. Vitals (body temperature, respiratory rate, heart rate and blood pressure)
ii. Range of motion of your neck, upper back and low back
iii. Neurologic evaluation (muscle strength, reflexes and sensory assessment) of your
upper and lower extremities.
iv. Orthopedic tests
v. Motion palpation of your lower back
3. Treatment
a. Two therapies will be performed by the same researcher, Grant Sanders. Both will be focused
on your low back and performed on the same table on which the physical exam was
conducted. During one type of therapy, you will be asked to lie on your side with your upside
knee bent, your downside leg straight, and your arms crossed. The researcher will contact the

Form C: Medical IRB Informed Consent Template 2 University of Kentucky
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lower part of your spine with one hand, and place the other hand on your shoulder to stabilize
your upper body. The researcher will then slightly drop his weight and deliver a quick, short
impulse with his hand through your lower back. During the other therapy, you will be asked
to lie face down with your head comfortably in the headrest. A part of the table that utilizes a
spring-loaded mechanism will be used to deliver the impulse. It is set by an adjustable
tension to hold the your lower back in a half-inch “up” position before the impulse is given
by one of the researcher’s hands, supported by the other.

b. A random number generator in Microsoft Excel will determine which treatment will be
delivered on the second day, and consequently the other treatment will be performed on the
third day.

4. Strength Testing

a. Prior to strength testing, you will warm up for 5 minutes on a stationary bike pedaling at a
comfortable rate. Then you will be assessed for the maximum amount of force that your leg
(thigh) muscles can generate on a Biodex strength testing machine.

b. Muscle strength will then be determined in your dominant leg in a seated position on the
Biodex. To minimize the use of muscles other than your leg muscles, you will be stabilized
with two shoulder straps, a waist strap, an upper leg strap and an ankle strap. Your muscle
strength will be the highest force generated during 6 trials of isometric knee contractions (3
pushing your ankle away and 3 pulling it in toward you) held for 5 seconds each at a knee
angle of 60°. A one minute rest period will be given between each knee contraction.

¢. Your muscle strength will also be determined by pushing and pulling your ankle in the same
way at two controlled movement speeds (one fast and one slow). A one-minute rest period
will be given between each contraction.

d. Testing will occur during the 2™ and 3™ days of your participation, and will be conducted 3
times during each day: after the warm-up, within 5 minutes after the treatment and again after

a 20 minute rest. 2
Schedule
Fill out Become
1st Short | Physical | informed Warm-u familiar
visit | history exam consent P | with the
form Biodex

wait at least two days in-between

2nd | Warm- | Strength | Isttypeof | Strength mizn(l)ne Strength
visit up testing treatment testing o testing
wait at least three days in-between
20

3rd | Warm- | Strength | 2nd type of | Strength - Strength

visit up testing treatment testing rest testing
Form C: Medical IRB Informed Consent Template 3 University of Kentucky
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WHAT ARE THE POSSIBLE RISKS AND DISCOMFORTS?

Some potential risks are associated with the testing and treatment procedures presented in this protocol.
As with any therapeutic procedure there are possible side effects and risks involved in adjusting the
spine. Complications of low back adjustments are rare and may include strain or sprain of spinal joints
and muscles, fractures, or injury to the discs between the bones of the spine or nerves exiting the spinal
cord. Recent estimates of the risk of lumbar spine manipulation causing a disc herniation or neurological
complication range from 1 in 1,000,000 to 1 in over 100,000,000. On the other hand, about half of all
subjects will experience mild adverse effects after treatment, such as soreness and local discomfort.
Although common, these events are usually mild, and go away within 24 to 48 hours after treatment.

Muscle strength testing may be associated with some risk. These risks include, but are not limited to:
muscle soreness, fatigue, tightness and possible muscle strain. However, these symptoms are no
different from what would normally result as part of any strength testing or resistance exercise
procedures and are both temporary and recoverable. In addition, there is always a chance that any
therapeutic treatment can harm you, and the investigational treatment in this study is no different. In
addition to the risks listed above, you may experience a previously unknown risk or side effect.

WILL YOU BENEFIT FROM TAKING PART IN THIS STUDY?

There is no guarantee that you will get any benefit from taking part in this study. However, some people
have experienced an increase in range of motion, sense of relaxation and/or energy and vitality after
being adjusted. In addition, you will receive a copy of your strength measurements at the conclusion of
the study. As a result, knowing the quantified force-generating capacity of the muscles in your thigh
may assist you in any of your athletic endeavors. Additionally, imbalances between the muscles in the
front and back of your thigh can be identified. This information could serve to increase your awareness
of the potential for future related muscle strains.

DO YOU HAVE TO TAKE PART IN THE STUDY?

e

If you decide to take part in the study, it should be because you really want to volunteer. You will not
lose any benefits or rights you would normally have if you choose not to volunteer. You can stop at any
time during the study and still keep the benefits and rights you had before volunteering,

IF YOU DON’T WANT TO TAKE PART IN THE STUDY, ARE THERE OTHER CHOICES?
If you do not want to be in the study, there are no other choices except not to take part in the study.
WHAT WILL IT COST YOU TO PARTICIPATE?

There will be no costs to you for participating in this research.

WHO WILL SEE THE INFORMATION THAT YOU GIVE?

Officials of the University of Kentucky may look at or copy pertinent portions of records that identify
you. Your information will be combined with information from other people taking part in the study.

When we write about the study to share it with other researchers, we will write about the combined
information we have gathered. You will not be personally identified in these written materials. We may

Form C: Medical IRB Informed Consent Template 4 University of Kentucky
F1.0150 Revised 7/28/11

80




IRB

publish the results of this study; however, we will keep your name and other identifying information
private.

We will make every effort to prevent anyone who is not on the research team from knowing that you
gave us information, or what that information is. You will be assigned a number whenever identified
throughout the study using a crosswalk table. The crosswalk table will be kept in a separate locked
cabinet from the other paper records in the Biodynamics Laboratory. Your recorded data obtained from
the intake form, focused physical exam form as well as strength testing results printed from the
computer attached to the Biodex will be put into a file and stored in a locked file cabinet. The file will be
identified using only your assigned participant number. The locked file cabinet is kept inside the
Biodynamics Laboratory (which is locked with a padlock when not in use), inside the Wenner-Gren
Center for Biomedical Engineering, which itself is locked after business hours.

The electronic data from your strength testing will be saved in the password-protected computer
attached to the Biodex under your assigned number, not your name. In addition, this electronic data will
be backed using a dedicated encrypted flash drive that will also be password-protected. At the
completion of the study, your data will be entered into an encrypted spreadsheet file to be analyzed,
again using only your participant number and not your name. All paper and computer data records will
be kept for seven years following the completion of the study and then destroyed.

CAN YOUR TAKING PART IN THE STUDY END EARLY?

If you decide to take part in this study, you have the right to decide at any time that you no longer want
to continue. You will not be treated any differently if you decide to stop taking part in this study. The
investigator conducting the study may need to take you out of the study. This may occur if you are not
able to follow the directions given or if it is found that being in the study causes you more risk than
benefit.

ARE YOU PARTICIPATING OR CAN YOU PARTICIPATE IN ANOTHER RESEARCH
STUDY AT THE SAME TIME AS PARTICIPATING IN THIS ONE? °

You may take part in this study if you are currently involved in another research study as long as there
are no medications or physical activity as part of the protocol that would affect the outcome of this
study. It is important to let the investigator know if you are in an additional research study. You should
also discuss with the investigator before you agree to participate in another research study while you are
enrolled in this study.

WHAT HAPPENS IF YOU GET HURT OR SICK DURING THE STUDY?

If you believe you are hurt or if you get sick because of something that is due to the study, you should
call Grant Sanders at 216-509-3231 immediately. If what you are experiencing can be treated under the
chiropractic scope of practice (such as soreness/stiffness in your lower back), Grant Sanders will provide
treatment and recommend home care activities (such as stretches or ice/heat application). If you are
experiencing more serious signs/symptoms, you will be referred to your primary care physician. In
addition, you can also contact Grant Sanders® supervisor, J.W. Yates, Ph.D. at 257-5879 to help answer
any questions you might have.

It is important for you to understand that the University of Kentucky does not have funds set aside to
pay for the cost of any care or treatment that might be necessary because you get hurt or sick while
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taking part in this study. Also, the University of Kentucky will not pay for any wages you may lose if
you are harmed by this study.

The medical costs related to your care and treatment because of research related harm will be your
responsibility. You do not give up your legal rights by signing this form.

WILL YOU RECEIVE ANY REWARDS FOR TAKING PART IN THIS STUDY?

You will not receive any payment for taking part in the study but will receive the results of your strength
measurements at the conclusion of the experiment.

WHAT IF YOU HAVE QUESTIONS, SUGGESTIONS, CONCERNS, OR COMPLAINTS?

Before you decide whether to accept this invitation to take part in the study, please ask any questions
that might come to mind now. Later, if you have questions, suggestions, concerns, or complaints about
the study, you can contact the investigator, Grant Sanders at 216-509-3231. If you have any questions
about your rights as a volunteer in this research, contact the staff in the Office of Research Integrity at
the University of Kentucky at 859-257-9428 or toll free at 1-866-400-9428. You will be given a si gned
copy of this consent form to take with you.

WHAT IF NEW INFORMATION IS LEARNED DURING THE STUDY THAT MIGHT
AFFECT YOUR DECISION TO PARTICIPATE?

If the researcher learns of new information in regard to this study, and it might change your willingness
to stay in this study, the information will be provided to you. You may be asked to sign a new informed
consent form if the information is provided to you after you have joined the study.

WHAT ELSE DO YOU NEED TO KNOW?

There is no external funding source for this research study. €

Signature of person agreeing to take part in the study Date

Printed name of person agreeing to take part in the study

Name of [authorized] person obtaining informed consent Date

Signature of Investigator

Form C: Medical IRB Informed Consent Template 6 University of Kentucky
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Appendix D: Study #1 physical examination form

Subject #

FOCUSED PHYSICAL EXAM

Today's Date:

Blood Pressure mmHg
RANGE OF MOTION
Cervical Thoracic
Motion | Active | Passive Pain Motion | Active | Passive Pain
Flex Flex
Ext Ext
RLF RLF
LLF LLF
R Rot R Rot
L Rot L Rot
Lumbar
Motion | Active | Passive Pain Notes:
Flex
Ext
RLF
LLF
R Rot
L Rot
SENSORY EVALUATION (WARTENBERG WHEEL)
Left Right
UE
LE
REFLEXES Left Right
Biceps
Brachioradialis
Triceps
Patellar
Achilles
Hoffmann's

Plantar/Babinski
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MOTOR EVALUATION

Left

Right

Deltoids C5 C6 Axillary N.

Wrist Extension C6 C7 C8 radial N.

Wrist Flexion C6 C7 C8 Median N. Ulnar N.

Finger Flexion C7 C8 Median N. Ulnar N.

Finger Abduction C8 T1 Ulnar N.

Finger Adduction C8 T1 Ulnar N.

Hip Flexion L1 12 L3 Femoral N./L1-L3 nerve roots

Hip Adduction L2 L3 L4 Obturator N.

Hip Abduction L4 L5 S1 Superior Gluteal N.

Ankle Dorsiflexion w/ Inversion L4 Tibial N.

Extensor Hallicus Longus L4 L5 S1 Deep Peroneal N.

Ankle Plantarflexion w/ Eversion S1 Sup. Peron N.

ORTHOPEDIC TESTS FOR LUMBAR/SI/HIP REGION

Test Left Right

Kemp's

Bechterew's

Patrick's/Fabere

Yeoman's

SPINAL EVALUATION
Left Level Right
L1-L2

L2-13

L3-14

L4-L5

L5-S1

Sl

Additional Notes:
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Appendix E: Study #1 raw data

Subject Basel?ne isometric 5 m?n isometric 20 min isometric Base.:line isometric 5 min isometric 20 min isometric

extension SM (Nm) extension SM (Nm) extension SM (Nm) flexion SM (Nm) flexion SM (Nm) flexion SM (Nm)
1 264.8 252.7 252.3 136.1 1365 1208
2 1772 176.1 175.2 96.9 94.4 98.8
3 238.8 238.8 208.5 101.3 102.6 95.7
4 1405 169.5 167.6 32.3 79.0 82.6
5 159.2 165.4 158.1 78.2 85.6 80.9
6 174.6 193.3 185.2 114.7 115.0 113.1
7 203.6 249.2 255.3 158.1 164.3 164.3
8 204.1 221.9 213.0 112.1 120.3 126.4
9 187.1 187.0 179.9 120.3 150.1 1476
10 152.3 182.2 191.0 126.8 125.8 123.9
11 247.4 252.3 250.3 1112 1411 1303
12 246.3 258.3 2304 161.4 164.0 157.9
13 1919 200.0 216.1 150.1 1475 163.8
14 162.9 158.2 147.3 107.3 109.8 104.2
15 1619 176.3 152.6 91.8 84.6 85.2
16 65.8 67.7 70.2 68.1 718 724
17 1718 160.9 161.6 88.0 87.6 82.0
18 144.4 164.1 164.3 102.2 107.8 106.5
19 176.8 186.6 168.5 96.3 95.2 97.4
20 139.7 145.0 125.0 73.1 82.9 73.3
21 116.7 124.5 118.8 67.1 60.8 62.2
Mean 190.2 203.6 198.6 107.7 1174 1154
SD 38.9 33.8 33.6 344 278 271

Subject Baseline isokinetic 60°/s | 5 min isokinetic 60°/s 20 min isokinetic 60°/s | Baseline isokinetic 60°/s | 5 min isokinetic 60°/s 20 min isokinetic 60°/s

extension SM (Nm) extension SM (Nm) extension SM (Nm) flexion SM (Nm) flexion SM (Nm) flexion SM (Nm)
1 325.3 301.3 300.4 142.1 1428 142.1
2 185.3 169.3 184.7 1025 95.6 93.0
3 223.6 216.1 1782 95.7 100.7 88.5
4 129.1 139.6 1289 58.7 64.1 71.0
5 147.0 142.8 139.8 65.9 68.6 85.6
6 190.4 200.9 189.0 914 102.8 98.8
7 203.9 1273 158.1 153.1 1013 1216
8 205.5 206.8 198.9 136.8 1330 122.2
9 1712 186.0 1769 1218 138.8 147.2
10 123.0 1158 134.4 9.4 99.0 108.6
11 179.0 204.3 1712 1359 1147 122.0
12 2716 270.5 267.9 132.2 150.1 1305
13 141.1 168.6 1815 141.0 137.1 166.0
14 176.0 1425 140.2 61.0 35.9 63.1
15 172.8 1711 164.6 1015 974 105.9
16 60.4 74.6 85.8 59.0 63.8 67.9
17 166.2 167.1 148.6 81.3 67.7 72.3
18 116.3 125.6 126.1 90.3 90.8 93.0
19 142.0 1395 140.7 9.1 76.5 76.0
20 116.3 76.1 88.4 72.1 66.9 68.9
21 112.7 1153 95.9 65.1 62.6 61.6
Mean 190.4 180.6 178.9 106.4 104.7 1079
SD 58.0 55.0 49.2 316 26.9 25.0
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Subject Baseline isokinetic 180°/s | 5 min isokinetic 180°/s | 20 min isokinetic 180°/s | Baseline isokinetic 180°/s | 5 min isokinetic 180°/s | 20 min isokinetic 180°/s
extension SM (Nm) extension SM (Nm) extension SM (Nm) flexion SM (Nm) flexion SM (Nm) flexion SM (Nm)
1 2224 205.0 206.5 104.8 99.9 104.7
2 118.8 124.6 130.3 60.1 52.3 65.9
3 1779 173.0 167.2 81.3 84.5 788
4 75.7 84.5 76.2 40.1 52.7 484
5 100.9 93.6 94.0 52.1 52.7 52.1
6 1125 1227 1223 87.9 97.6 79.3
7 37.3 26.4 28.1 54.5 39.2 477
8 115.0 119.9 106.4 78.2 87.7 795
9 154.4 1413 139.6 110.0 113.2 1157
10 80.3 1055 106.7 62.8 72.7 702
11 161.9 166.1 144.0 925 110.0 105.1
12 1837 178.6 180.2 124.1 128.6 120.7
13 99.7 98.8 1228 1129 126.0 1319
14 129.4 125.0 102.4 178 18.5 19.5
15 109.1 1004 107.1 78.8 74.6 81.0
16 61.7 715 69.5 515 53.1 49.2
17 86.7 60.3 44.8 54.3 477 42.2
18 744 79.2 77.2 59.9 64.3 61.3
19 81.2 86.9 89.1 82.0 81.8 84.9
20 55.5 53.6 59.3 516 53.7 52.8
21 729 69.8 64.8 44.5 431 47.0
Mean 119.5 119.6 1177 732 75.3 74.2
SD 53.6 48.8 48.9 23.2 25.0 228
Subject Baseline isometric 5 min isometric 20 min isometric Baseline isometric 5 min isometric 20 min isometric
extension Sham (Nm) | extension Sham (Nm) | extension Sham (Nm) flexion Sham (Nm) flexion Sham (Nm) flexion Sham (Nm)
1 2719.7 296.8 296.7 1284 119.2 1272
2 208.5 186.7 158.6 1125 1131 108.7
3 231.7 235.8 2424 1106 1114 1055
4 133.3 152.5 156.2 61.1 79.2 735
5 1317 1254 138.7 86.9 86.9 78.1
6 172.3 188.6 1723 108.1 108.1 100.5
7 252.0 255.7 270.9 154.7 158.5 2119
8 189.8 200.1 203.1 102.8 1235 1232
9 197.4 219.5 221.8 149.3 1474 142.2
10 168.0 1935 202.6 1319 130.2 141.0
11 2389 229.1 294.5 1185 110.8 1227
12 267.1 302.3 2635 165.4 176.3 169.9
13 187.0 1575 206.9 151.3 162.2 1439
14 154.1 145.8 150.6 1158 110.0 1179
15 129.3 120.6 117.0 88.5 87.5 86.1
16 68.6 61.4 67.4 59.6 66.6 63.1
17 153.8 179.1 1455 89.6 84.2 87.5
18 158.8 159.8 172.6 109.7 1079 92.4
19 1817 176.9 182.2 90.9 1016 89.3
20 1130 113.1 104.3 82.3 82.7 78.1
21 120.7 132.1 125.3 73.6 72.5 58.6
Mean 197.0 205.5 206.3 114.6 1177 1212
SD 48.9 49.4 52.1 28.1 243 39.5
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Subject Baseline isokinetic 60°/s | 5 min isokinetic 60°/s 20 min isokinetic 60°/s | Baseline isokinetic 60°/s | 5 min isokinetic 60°/s 20 min isokinetic 60°/s
extension Sham (Nm) extension Sham (Nm) extension Sham (Nm) flexion Sham (Nm) flexion Sham (Nm) flexion Sham (Nm)
1 27185 294.3 296.2 130.6 142.1 142.9
2 196.7 195.8 193.6 9.7 1014 95.9
3 2182 2308 2194 107.1 107.4 917
4 131.1 133.0 1239 62.4 63.3 63.3
5 136.1 137.2 145.8 85.8 86.4 69.8
6 163.8 181.8 180.9 83.4 89.9 89.8
7 168.8 155.3 136.7 98.2 111.0 132.7
8 2148 201.1 203.1 135.7 108.1 1235
9 207.0 203.1 178.2 152.8 1434 1238
10 134.0 130.4 1417 99.7 108.1 115.9
11 155.8 178.6 194.3 94.5 1184 121.1
12 2617 2675 259.9 1524 155.8 153.9
13 184.9 189.2 176.6 156.4 166.3 160.4
14 159.3 140.0 136.5 83.2 85.1 97.9
15 1745 166.0 1724 101.3 1113 108.7
16 7.7 62.5 61.9 66.9 62.3 64.9
17 150.7 152.3 130.2 82.7 87.3 7.7
18 1138 129.9 129.5 89.9 9.5 84.1
19 124.8 126.8 136.2 97.9 89.4 84.9
20 729 100.6 77.0 68.2 711 66.8
21 1194 1134 814 617 67.3 61.6
Mean 184.9 186.3 181.9 1055 106.1 104.9
SD 47.1 51.2 51.0 212 24.1 26.8
Subject Baseline isokinetic 180°/s | 5 minisokinetic 180°s | 20 min isokinetic 180°/s | Baseline isokinetic 180°/s | 5 min isokinetic 180°/s | 20 min isokinetic 180°/s
extension Sham (Nm) | _extension Sham (Nm) | _extension Sham (Nm) fiexion Sham (Nm) flexion Sham (Nm) flexion Sham (Nm)
1 2016 190.9 185.2 1104 114.6 9.3
2 1319 1315 130.8 61.7 50.2 50.0
3 1725 168.4 1794 86.2 82.0 76.2
4 834 88.9 785 414 458 40.1
5 67.5 904 94.9 336 42.2 54.1
6 119.9 1143 1224 69.6 84.7 76.6
7 83.8 62.9 39.9 82.7 63.2 448
8 1254 1104 109.4 87.7 738 82.6
9 140.1 1420 1532 119.0 120.0 1128
10 875 97.2 89.5 735 70.1 68.7
11 136.0 1485 158.2 92.1 99.9 91.1
12 180.8 188.6 189.3 1232 1234 1325
13 1111 106.5 114.6 1205 1264 137.0
14 124.4 1184 120.8 46.4 58.9 343
15 109.7 1136 108.0 85.5 874 85.9
16 76.9 56.6 63.1 55.3 50.3 51.2
17 56.8 40.0 375 50.1 28.3 388
18 90.9 85.6 76.6 64.8 64.8 63.5
19 70.1 702 75.7 61.7 82.3 81.1
20 49.2 51.8 474 50.8 516 49.6
21 715 77.0 714 474 48.9 46.3
Mean 121.3 119.7 1183 76.6 747 704
SD 2.7 39.1 45.7 210 268 2.7
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Appendix F: Study #2 subject recruitment flyer

Welghtliitersyeeded

Researchers at the University of Kentucky Department of Kinesiology and Health
Promotion are conducting a study to investigate the effects of lower back
adjustments on postactivation potentiation (an enhanced neuromuscular response
following resistance training). Subjects will attend three separate sessions in which
potentiation will be measured by electromyographic responses of the calf muscles
during low-intensity electrical stimulations.

You may be eligible to participate if you:
e are between 20 to 35 years of age

¢ have been consistently lifting weights for a minimum of two days per week for at
least one year

e can maximally back squat your body weight (women) or 1.5 times your body
weight (men)
e do not have pain or a past history of surgery in your lower back, abdomen or legs

Individuals who qualify for this study will have the option of a free, full-body DXA
scan to measure body composition (fat and muscle percentages) and bone density.

For more information, please contact:
Grant Sanders, DC, CSCS UK
grant.sanders@uky.edu

216-509-3231 KENTUCKY"
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Appendix G: Study #2 health history questionnaire

HEALTH HISTORY QUESTIONNAIRE

Subject #

Date:

| PAST MEDICAL HISTORY

YES

CHECK YES OR NO FOR EACH QUESTION DATE AND DESCRIPTION

Do you currently have pain in your lower back, hip,
abdomen or legs?

Any previous injuries to these areas?

gio| o

og| O

Any surgeries performed in these areas?

O

O

Any previous illness, infection or disease involving
your: abdomen, digestion, liver, kidney, autoimmune
system, nerves, skin, muscles, collages, blood,
connective tissue, joints, brain, spinal cord or spine?

Recent and unusual problems with balance, walking,
talking, vision, ringing in the ears, light headed,
dizziness, fainting, swallowing, seizures, sudden
onset of severe headache or neck pain/ stiffness,
arm/leg weakness or vomiting?

O

Any implanted electronic devices, such as cardiac
pacemakers, electric infusion pumps or implanted
stimulators?

O

O

Female subjects: Is there any chance that you are pregnant?

YES

HAVE YOU EVER BEEN DIAGNOSED WITH: DATE OF DIAGNOSIS

Cardiovascular disease

Blood clotting disorder

Stroke

Aneurysm

Thromboembolism

Vascular/neurogenic claudication

Lumbar disc herniation

Cauda equina syndrome

Spondylolisthesis

Scoliosis

Diabetes

Any type of bone disease (such as osteoporosis)

g|iojojojoojooooo|o|o

DDDDDDDDDDDDD%

Any type of joint disease (such as arthritis)

|  OTHER INFORMATION |

YES

CHECK YES OR NO FOR EACH QUESTION

O

Have you ever been treated with spinal manipulation by a licensed health care

o |08

Have you exercised during the past few days? If so, please list when and which type
of exercise

Are you currently being prescribed medications and/or taking supplements? If so,
please list (e.g., protein powder, multivitamin)

Have you consumed caffeine within the past few hours?

Any recent dietary changes?

g|io[fo| o

g{ojgal a

Are you allergic to silver?
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Appendix H: Study #2 informed consent

IRB Approval

14050 7- F4A
THIS FORM VALID

7/22/“f . 7/)5’/!5’

Consent to Participate in a Research Study
THE EFFECTS OF SPINAL MANIPULATIVE THERAPY ON POSTACTIVATION POTENTIATION

WHY ARE YOU BEING INVITED TO TAKE PART IN THIS RESEARCH?

You are being invited to take part in a research study to help determine if spinal manipulative therapy
(also referred to as a low back adjustment) impacts the performance of your calf muscles measured
immediately after a maximal force contraction. You are being invited to take part in this research study
because you are between 20 to 35 years of age, have been consistently lifting weights 2 days or more
per week for at least a year and are able to back squat your weight if you are a female or 1.5 times your
weight if you are a male. If you volunteer to take part in this study, you will be one of about 35 people to
do so at the University of Kentucky.

WHO IS DOING THE STUDY?

The person in charge of this study is Grant Sanders, a doctoral candidate in the Department of
Kinesiology and Health Promotion at the University of Kentucky. He is being guided in this research by
J.W. Yates, PhD. There may be other people on the research team assisting at different times during
the study.

WHAT IS THE PURPOSE OF THIS STUDY?

By conducting this study, we hope to learn if spinal manipulative therapy impacts the electrical activity,
amount of force and rate of force development of your calf muscles. This will be-determined by changes
in postactivation potentiation (enhanced force generation following prior muscular contractions),
measured with a response called the Hoffmann reflex (a muscle or nerve twitch that we can measure).
It is hoped that this study will expand the current knowledge regarding enhanced power production after
exercise, and the possible physiological influence of spinal manipulation in the creation of this effect.

ARE THERE REASONS WHY YOU SHOULD NOT TAKE PART IN THIS STUDY?
You will not be eligible to participate if you:

Have any pain in your lower back, abdomen or legs.

Have a history of vertigo (dizziness with standing).

Experience nausea, dizziness, vomiting or fainting with certain head movements.

Have recently experienced a sudden onset of severe headache or neck pain/stiffness

Have ever been diagnosed with:

cardiovascular disease

blood clotting disorder

stroke

aneurysm (bulge of a major blood vessel)

thromboembolism (blood clot that blocked blood flow)

vascular/neurogenic claudication (pain and discoloration in the lower legs with walking)
lumbar disc herniation

cauda equina syndrome (compression of the bundle of nerves in the lower end of the spine)

B N

Se~pooow
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i. spondylolisthesis (displacement of spinal structures) I R B
j. scoliosis (curvature of the spine to the side)
k. diabetes
I. any type of bone disease (such as osteoporosis)
m. any type of joint disease (such as arthritis)
6. Have ever undergone any surgical procedures in your lower back, abdomen, pelvis or thigh/leg
7. Are allergic to silver
8. Are pregnant

WHERE IS THE STUDY GOING TO TAKE PLACE AND HOW LONG WILL IT LAST?

The research procedures will be conducted at the Biodynamics Laboratory located in the
Multidisciplinary Science Building. You will need to come to the Biodynamics Laboratory three times
during the study. Each of those visits will take about two hours. The total amount of time you will be
asked to volunteer for this study is six hours over the next two weeks.

WHAT WILL YOU BE ASKED TO DO?
You will be asked to report to the Multidisciplinary Science Building at three scheduled dates and times.
All procedures will take place in the Biodynamics Laboratory, and are depicted in Table 1.

1. Brief medical history

a. Fill out a short form during your first visit to confirm that you are eligible to be in the study
2. Physical exam

a. After the medical history, a basic neurological assessment will be performed. It will include:

i. Heart rate and blood pressure

ii. Range of motion of your neck, upper back and low back

iii. Neurologic evaluation (muscle strength, tendon reflexes and sensory assessment) of
your upper and lower extremities

iv. Orthopedic tests

v. Motion palpation of your lower back

vi. Female subjects: because pregnancy is an exclusionary factor, a urine pregnancy
test will be necessary before proceeding with the study

3. Tibial nerve stimulation
a. You will be asked to lie on your side on the treatment table with your upside foot strapped
into the isokinetic dynamometer (machine to assess muscle strength) ankle attachment.

i. Padded straps will be placed over your hip and downside thigh. These will be
tightened to minimize movement during the Hmax/Mmax recruitment curve, strength
testing and stimulation protocol and loosened the rest of the time.

ii. Your comfort will be maintained as much as possible with an elevated headrest and
pillows to support your head, foam pads placed between your knees and padding for
your heel and the top of your foot while strapped into the ankle attachment.

iii. You will have the opportunity to sit up and move around during both of the 20 minute
rest periods, or if you request to do so at any other time.

b. Electrodes that deliver the stimulations will be placed in the back of your knee and above
your kneecap

i. These locations will be shaved if necessary and then wiped with an alcohol pad

ii. Conductive gel will be applied to the skin under the electrode

iii. The electrodes will then be held in place with surgical tape

c. Electrodes which record muscle activity will be placed on the outside of your calf muscle,
below the bottom of the muscle and on the kneecap of your downside leg.

University of Kentucky 2 F1.0150
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i. These locations will also be shaved if needed and then wiped with an alcohol pad
ii. The electrodes will be affixed with special two-sided tape between the skin and the
electrodes and surgical tape over the top
d. Familiarization
i. During the first session, the intensity of the electrical stimulations will gradually be
increased every ten seconds in small increments from zero for you to become used
to the sensation. If you experience unusual pain at these low intensities, the
investigator will end the session.
e. Recruitment Curve
i. The intensity of the stimulations will again be increased every ten seconds, but in
larger increments. The investigator will monitor your status and ask for feedback.
The point of this procedure is to obtain two values from your muscles’ responses.
These values will then be used at the conclusion of the session, during the
Hmax/Mmax stimulation protocol.
ii. The recruitment curve will occur after the first 20 minute rest (Table 1).
f.  Hmax/Mmax stimulation protocol
i. Only the two values obtained from the recruitment curve, one at a low intensity and
the other at a high intensity, will be used during these final stimulations of the
session. For 20 minutes, the investigator will alternate the intensity between high and
low.
1. Stimulations will occur every 10 seconds for the first minute, every 30
seconds until the 10™ minute, and every 60 seconds until the 20" minute.
2. If at any time the stimulations become unusually painful, the investigator will
stop the stimulations and end the session.
ii. This protocol will be the final procedure of all three sessions.
4. Strength testing
a. You will be assessed for the maximum amount of force that your calf muscles can generate
with the Biodex strength testing machine. ¢
b. Muscle strength will be determined in the upside leg that will be strapped into the ankle
attachment. This value will be the highest force generated while pushing your foot against
the non-moving plate for 5 seconds. You will be asked to perform only 2 sets of this maximal
contraction.
c. Testing will occur after the recruitment curve and possibly again as the second-to-last
procedure, according the randomized protocol of the particular session (Table 1).
5. Treatment
a. Toward the end of each session, one of three randomly determined treatment combinations
will be delivered. This will be spinal manipulation or rest, followed by a 10 second maximal
contraction or rest and then the Hmax/Mmax stimulation protocol.
b. Spinal manipulation or 60 second rest
i. The manipulation will be performed by Grant Sanders (the same researcher who
conducted the rest of the procedures, who is a licensed chiropractor), and will
specifically target your low back. First, your foot will be unfastened from the ankle
attachment and you will be asked to bend your upside knee and cross your arms.
Then the researcher will contact the lower part of your spine with one hand, and
place the other hand on your shoulder to stabilize your upper body. The researcher
will then slightly drop his weight and deliver a quick, short impulse with his hand
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through your lower back. During the 60 second rest, you will be asked to remain lying
on your side in the same position as the rest of the procedures.

c. 10 second maximal contraction or 10 second rest
i. The contraction will be exactly the same as what you did earlier in the session. You
will be asked to push your foot as hard as you can onto the non-moving plate of the
ankle attachment once for 10 seconds. If the protocol for that day calls for a brief rest
instead, you will be asked to relax without changing your position on the treatment
table.
d. Stimulation protocol
i. The alternating sequence of low and higher intensity stimulations will be
implemented as described in #3 (Tibial nerve stimulation).
e. A random number generator in Microsoft Excel will determine which combination of
treatments will be delivered at the end of each of the three sessions.
Table 1. y of experi) dt
Heelllh hIS&,W Biodex ol Hmax and Delermine 2] SMT 10 second
. | questionnaire, .. | Tibial nerve Hmax and 5 second Hmax/Mmax
() familiarization| ¢ Rest20 Mmax Confirm Rest20 or MVIC or § g
> informed simulation ) E Mmax plantar X stimulation
K] andelectode| . =~ minutes | recruitment | . Hmax . minutes | 60 second | 10 second
| consentand — f i stimulation flexion rest rest protocol
physical exam P intensities MMVICs
Slibject Determine 2 setsof
s positioning on Hmax and Hivakaid Sésoind SMT 10 second Vel
2| table and Rest20 Mmax Confirm Rest20 or MVIC or i
= ; Mmax plantar X stimulation
€ | dynamometer, | minutes | recruitment | g Hmax : minutes | 60 second | 10 second
N ——— U stimulation flexion e et protocol
intensities MvICs £
placement
Asflbj?m Determine 2 sets of
positioning on Hmax and — e SMT 10 second ik
2| tableand Rest20 Mmax Confirm Rest20 or MMVIC or : v
> : Mmax plantar > stimulation
&5 | dmamometer, | minutes | recruitment | . Hmax : minutes | 60 second | 10 second
electode ol stimulation flexion et it protocol
intensities MVICs
placement
Red = Data collection 3 randomized freatments: SMT only, MVIC onlyor SMT+MVIC
Bold = Treatment (randomized order) 1) ISMT no MVIC Hmax/Mm ax protocol
2) ]60 srest MVIC Hmax/Mmax protocol
3) |SMT MvVIC Hmax/Mmax protocol
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WHAT ARE THE POSSIBLE RISKS AND DISCOMFORTS?

Some potential risks are associated with the testing and treatment procedures presented in this
protocol. As with any therapeutic procedure there are possible side effects and risks involved in
adjusting the spine. Complications of low back adjustments are rare and may include strain or sprain of
spinal joints and muscles, fractures, or injury to the discs between the bones of the spine or nerves
exiting the spinal cord. Recent estimates of the risk of lumbar spine manipulation causing a disc
herniation or neurological complication range from 1 in 1,000,000 to 1 in over 100,000,000. On the
other hand, about half of all subjects will experience mild adverse effects after treatment, such as
soreness and local discomfort. Although common, these events are usually mild, and go away within 24
to 48 hours after treatment.

Muscle strength testing may be associated with some risk. These risks include, but are not limited to:
muscle soreness, fatigue, tightness and possible muscle strain. However, these symptoms are no
different from what would normally result as part of any strength testing or resistance exercise
procedures and are both temporary and recoverable. Electrical stimulation may cause slight discomfort,
pain, a tingling sensation and could cause your calf muscles to spasm or tighten. However, the
stimulations only last for a fraction of a second, and will not cause any harm to the body systems. In
addition, the surface electrodes used may cause temporary and minor skin irritation following
placement and removal. There is always a chance that any therapeutic treatment can harm you, and
the investigational treatment in this study is no different. In addition to the risks listed above, you may
experience a previously unknown risk or side effect.

WILL YOU BENEFIT FROM TAKING PART IN THIS STUDY?

There is no guarantee that you will derive any personal benefit from taking part in this study. Your
willingness to take part, however, may help researchers, practitioners, and athletes better understand
this topic.

DO YOU HAVE TO TAKE PART IN THE STUDY?

If you decide to take part in the study, it should be because you really want to volunteer. You will not
lose any benefits or rights you would normally have if you choose not to volunteer. You can stop at any
time during the study and still keep the benefits and rights you had before volunteering. As a student, if
you decide not to take part in this study; your choice will have no effect on your.academic status or
grade in the class.

IF YOU DON’T WANT TO TAKE PART IN THE STUDY, ARE THERE OTHER CHOICES?
If you do not want to be in the study, there are no other choices except not to take part in the study.

WHAT WILL IT COST YOU TO PARTICIPATE?
There will be no costs to you for participating in this research.

WHO WILL SEE THE INFORMATION THAT YOU GIVE?

Officials of the University of Kentucky may look at or copy pertinent portions of records that identify you.
Your information will be combined with information from other people taking part in the study. When we
write about the study to share it with other researchers, we will write about the combined information we
have gathered. You will not be personally identified in these written materials. We may publish the
results of this study; however, we will keep your name and other identifying information private.

We will make every effort to prevent anyone who is not on the research team from knowing that you
gave us information, or what that information is. You will be assigned a number whenever identified
throughout the study. Your information obtained from the health history questionnaire and physical
exam will be put into a file and stored in a locked file cabinet. The file will be identified using only your
assigned participant number. The locked file cabinet is kept inside the Biodynamics Laboratory, which
is locked when not in use.
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The electronic data from your strength testing will be saved on a password-protected computer under
your assigned number, not your name. In addition, these data will be backed using your participant
number with a dedicated encrypted flash drive that will also be password-protected. All paper and
computer data records will be kept for six years following the completion of the study and then
destroyed.

CAN YOUR TAKING PART IN THE STUDY END EARLY?

If you decide to take part in this study, you have the right to decide at any time that you no longer want
to continue. You will not be treated any differently if you decide to stop taking part in this study. The
investigator conducting the study may need to take you out of the study. This may occur if you are not
able to follow the directions given or if it is found that being in the study causes you more risk than
benefit.

ARE YOU PARTICIPATING OR CAN YOU PARTICIPATE IN ANOTHER RESEARCH STUDY AT
THE SAME TIME AS PARTICIPATING IN THIS ONE?

You may take part in this study if you are currently involved in another research study as long as there
are no medications or physical activity as part of the protocol that would affect the outcome of this
study. Itis important to let the investigator know if you are in an additional research study. You should
also discuss with the investigator before you agree to participate in another research study while you
are enrolled in this study.

WHAT HAPPENS IF YOU GET HURT OR SICK DURING THE STUDY?

If you believe you are hurt or if you get sick because of something that is due to the study, you should
call Grant Sanders at 216-509-3231 immediately. If you are experiencing signs/symptoms that require
medical attention, you will be referred to your primary care physician. In addition, you can also contact
Grant Sanders’ supervisor, J.W. Yates, Ph.D. at 859-321-1296 to help answer any questions you might
have.

It is important for you to understand that the University of Kentucky does not have funds set aside to
pay for the cost of any care or treatment that might be necessary because you get hurt or sick while
taking part in this study. Also, the University of Kentucky will not pay for any wages you may lose if you
are harmed by this study. The medical costs related to your care and treatment because of research-
related harm will be your responsibility. You do not give up your legal rights by §igning this form.

WILL YOU RECEIVE ANY REWARDS FOR TAKING PART IN THIS STUDY?

You will not be given monetary compensation for participating. However, you will have the option of a
free Dual-Energy X-ray Absorptiometry (DXA) scan at the Body Composition Core Laboratory, located
inside the Seaton Building. If interested, the measurements acquired from the scan are for your
information only, and will not be collected by the Pl or included in the results of the study.

DXA Scan

The scan will be performed to determine the bone mineral content and density of your bones, and your
body composition (how much muscle and fat you have). This will involve lying on a table for
approximately 10 minutes while wearing a t-shirt and shorts containing no metal during the scanning
procedure. During this time the director of the laboratory, Jody Clasey, Ph.D., will take a scan of your
total body. The DXA is a relatively new procedure and has advantages over traditional x-rays because
it will expose you to much less radiation.

Possible Risk

The radiation dose from a typical DXA bone scan procedure produces approximately 1/300th of the
natural background radiation dose we receive each year. This radiation dose would not be considered a
risk of producing any harmful effects.
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»
Pregnancy Testing
If you are a woman participating in this study, prior to having your body composition testing by the DXA
scanner you will be required to take a urine pregnancy test. You will be given a urine collection cup and
asked to provide a small amount of urine in a bathroom located in the Seaton Building. The urine
sample you provide will only be used to determine if you are pregnant or not. Once you provide the
urine sample, it will only take a few minutes for an investigator to test this sample. If this test determines
that you are pregnant, you will not be allowed to have a DXA scan. The pregnancy testing is performed
because the machine used to measure your body composition and skeleton uses a very small amount
of X-ray. We do not want to expose an unborn child to any radiation, no matter how small the amount.

WHAT IF YOU HAVE QUESTIONS, SUGGESTIONS, CONCERNS, OR COMPLAINTS?

Before you decide whether to accept this invitation to take part in the study, please ask any questions
that might come to mind now. Later, if you have questions, suggestions, concerns, or complaints about
the study, you can contact the investigator, Grant Sanders at 216-509-3231. If you have any questions
about your rights as a volunteer in this research, contact the staff in the Office of Research Integrity at
the University of Kentucky at 859-257-9428 or toll free at 1-866-400-9428. You will be given a signed
copy of this consent form to take with you.

WHAT IF NEW INFORMATION IS LEARNED DURING THE STUDY THAT MIGHT AFFECT YOUR
DECISION TO PARTICIPATE?

If the researcher learns of new information in regards to this study, and it might change your willingness
to stay in this study, the information will be provided to you. You may be asked to sign a new informed
consent form if the information is provided to you after you have joined the study.

WHAT ELSE DO YOU NEED TO KNOW?
There is no external funding source for this research study.

Signature of person agreeing to take part in the study Date

Printed name of person agreeing to take part in the study

Name of [authorized] person obtaining informed consent Date

Signature of Principal Investigator or Sub/Co-Investigator
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Appendix I: Study #2 physical examination form

PHYSICAL EXAM

Subject # Date:

Blood Pressure mmHg

RANGE OF MOTION

Cervical Thoracic
Motion | Active | Passive Pain Motion | Active | Passive Pain
Flex Flex
Ext Ext
RLF RLF
LLF LLF
R Rot R Rot
L Rot L Rot
Lumbar
Motion | Active | Passive Pain Notes:
Flex
Ext
RLF
LLF
R Rot
L Rot

SENSORY EVALUATION (WARTENBERG WHEEL)
Left Right

UE

LE

REFLEXES Left Right
Biceps
Brachioradialis
Triceps
Patellar
Achilles
Hoffmann's
Plantar/Babinski
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MOTOR EVALUATION

Left

Right

Deltoids C5 C6 AxillaryN.

Wrist Extension C6 C7 C8 Radial N.

Wrist Flexion C6 C7 C8 Median N. Ulnar N.

Finger Flexion C7 C8 Median N. Ulnar N.

Finger Abduction C8 T1 Ulnar N.

Finger Adduction C8 T1 Ulnar N.

Hip Flexion L1 L2 L3 Femoral N./L1-L3 nerve roots

Hip Adduction L2 L3 L4 Obturator N.

Hip Abduction L4 L5 S1 Superior Gluteal N.

Ankle Dorsiflexion w/ Inversion L4 Tibial N.

Extensor Hallicus Longus L4 L5 S1 Deep Peroneal N.

Ankle Plantarflexion w/ Eversion S$1 Sup. Peron N.

ORTHOPEDIC TESTS FOR LUMBARI/SI/HIP REGION

Test Left Right

Kemp's

Bechterew's

Patrick's/Fabere

Yeoman's

SPINAL EVALUATION (Motion Palpation)
Left Level Right
L1-L2
L2-L3
L3-L4
L4-L5

L5-S1

S|

Female subjects: Urine pregnancy test result
Negative Positive

Additional Notes:
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Appendix J: Study #2 instrumentation schematic

Monitor
Desktop; Ba; i ¢
; gnoli-8
EMGworks Amplifier
4.0 7
54 Bagnoli-8
l = Input unit
Lbtep: =D | Digitirr;er
Matlab Board 1 r.nusc s

stimulator

Monitor
Input
Module
Biodex System 4
isokinetic
dynamometer

Ankle

attachment;

Dynamometer
head
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Appendix K: Study #2 raw data

Subject 1 Session 1 Treatment order: SMT, no MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 4.9% 9.894 13.1% 11.426 15.491
0:20 H 0.483 o 1.292 P 8.757 11.873
0:30 M 9.895 5.3% 9.894 22.6% 10.189 13.814
0:40 H 0.526 = 2.235 o 8.059 10.926
0:50 M 9.894 6.7% 9.895 22.6% 10.030 13.599
1:00 H 0.660 7 2.238 R 8.134 11.028
1:30 M 9.894 9.894 10.013 13.576
6.4% 22.1%
2:00 H 0.638 2.187 8.247 11.181
2:30 M 9.895 9.894 9.805 13.294
7.7% 23.2%
3:00 H 0.757 2.298 7.873 10.674
3:30 M 9.894 9.894 9.627 13.052
7.7% 24.7%
4:00 H 0.765 2.448 7.754 10.513
4:30 M 9.894 9.894 9.509 12.892
0, 0,
5:00 H 0.770 /8% 2.460 24.9% 7.672 10.402
5:30 M 9.894 9.894 9.416 12.766
7.7% 24.8%
6:00 H 0.759 i 2.458 i 7.713 10.457
6:30 M 9.894 8.0% 9.893 23.9% 9.194 12.465
7:00 H 0.792 7 2.365 o 7.563 10.254
7:30 M 9.894 7 8% 9.894 24.2% 8.957 12.144
8:00 H 0.769 o 2.390 o 7.570 10.263
8:30 M 9.894 6.7% 9.894 21.6% 9.074 12.303
9:00 H 0.662 7 2.142 R 7.492 10.158
9:30 M 9.895 9.895 9.738 13.203
7.7% 23.9%
10:00 H 0.759 2.365 7.123 9.657
11:00 M 9.894 9.894 8.828 11.969
7.9% 24.1%
12:00 H 0.779 2.389 7.371 9.994
13:00 M 9.894 9.894 8.511 11.539
0, 0,
14:00 H 0.846 8.6% 2.470 25.0% 7.066 9.580
15:00 M 9.894 9.894 8.196 11.112
0, 0,
16:00 H 0.858 8.7% 2.603 26.3% 6.898 9.352
17.00 M 9.894 9.894 8.318 11.278
0, 0,
18:00 H 0.660 6.7% 2.431 24.6% 7.081 9.600
19:00 M 9.894 8.8% 9.894 25.5% 8.045 10.907
20:00 H 0.869 2.526 7.046 9.553
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 0.788 Hmax Amplitude (mV): 2.586
Hmax Torque (ft Ibs, Nm) 5.861| 7.946344/Hmax Torque (Nm) 7.946344
Mmax Stim Intensity (mA): 100 Mmax Stim Intensity (mA): 100
Mmax Amplitude (mV): 9.894 Mmax Amplitude (mV): 8.242
Mmax Torque (ft Ibs, Nm) 8.729| 11.83478/Mmax Torque (Nm) 11.83478
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 0.909 Hmax Amplitude (mV): 2.885
Hmax Torque (ft Ibs, Nm) 6.530| 8.853374|Hmax Torque (Nm) 8.853374
Gastroc H/M 9.2% Solues H/M 35.0%
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Subject 1 Session 2 Treatment order: 60 s rest, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M [ Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.895 8.217 8.337 11.303

5.3% 20.4%

0:20 H 0.522 1.679 5.655 7.667
: M R .1 7.54 10.2
0:30 9.895 6.4% 8.156 20.1% 545 0.230
0:40 H 0.629 1.969 6.241 8.462
0:50 M 9.895 6.5% 8.139 23.7% 6.795 9.213
1:00 H 0.645 1.926 5.140 6.969
1:30 M 9.894 8.922 6.816 9.241

7.2% 25.1%
2:00 H 0.713 2.240 5.310 7.199
2:30 M 9.895 8.670 6.663 9.034
6.8% 26.4%
3:00 H 0.675 2.291 5.082 6.890
: M § § .344 .601
3:30 9.895 7.7% 9.049 20.9% 6.3 8.60
4:00 H 0.765 2.256 4.468 6.058
4:30 M 9.895 8.5% 9.401 27.8% 5.848 7.929
5:00 H 0.839 2.616 4.189 5.679
5:30 M 9.895 9.895 5.586 7.573
10.0% 23.4%
6:00 H 0.992 2.311 3.815 5.172
: M E E 4.74 .437
6:30 9.895 9.6% 9.895 19.9% 8 6.43
7:00 H 0.949 1.971 3.252 4.409
7:30 M 9.894 9.895 4.744 6.432
.39 17.5%
8:00 H 0.919 9.3% 1.728 5% 3.305 4.481
8:30 M 9.895 9.5% 9.894 16.0% 4.404 5.971
9:00 H 0.944 7 1.584 7 2.993 4.058
9:30 M 9.895 9.895 4.128 5.597
9.5% 18.1%
10:00 H 0.943 1.792 2.322 3.148
11: M R E X 4,

00 9.895 10.7% 9.895 14.8% 3.606 889
12:00 H 1.056 1.460 2.176 2.950
13:00 M 9.895 9.895 3.514 4.764

11.3% 16.5%
14:00 H 1.114 1.637 2.296 3.113
15: M § § .702 .01
5:00 9.896 10.9% 9.896 16.8% 3.70. 5.019
16:00 H 1.079 1.667 2.101 2.849
17:00 M 9.895 10.5% 9.895 20.1% 3.218 4.363
18:00 H 1.042 1.987 1.706 2.313
19:00 M 9.896 10.6% 9.896 17.8% 3.301 4.475
20:00 H 1.047 1.764 1.846 2.503
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 1.066 Hmax Amplitude (mV): 2.753
Hmax Torque (Nm) 4.971| 6.739682|Hmax Torque (Nm) 6.739682
Mmax Stim Intensity (mA): 85 Mmax Stim Intensity (mA): 85
Mmax Amlitude (mV): 9.894 Mmax Amplitude (mV): 6.658

Mmax Torque (Nm)
Confirm Hmax

Hmax Stim Intensity (mA):
Hmax Amplitude (mV):

Hmax Torque (Nm)
Gastroc H/M

6.237| 8.456125|Mmax Torque (Nm) 8.456125

Confirm Hmax

10 Hmax Stim Intensity (mA): 10
0.891 Hmax Amplitude (mV): 2.523
4.961Hmax Torque (Nm) 6.726124
9.0% Soleus H/M 37.9%
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Subject 1 Session 3 Treatment order: SMT, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
21 M R .894 7.402 10.
0:10 9.895 9.4% 9.89 20.7% 0 0.036
0:20 H 0.928 2.046 4.339 5.883
0:30 M 9.895 9.895 8.212 11.134
9.6% 20.6%
0:40 H 0.947 2.037 4.457 6.043
0:50 M 9.896 10.7% 9.894 17.5% 8.191 11.105
1:00 H 1.055 P 1.729 =7 4.796 6.502
1:30 M 9.895 11.2% 9.894 18.2% 7.927 10.747
2:00 H 1.106 1.804 4.770 6.467
2:30 M 9.895 9.894 7.236 9.811
12.2% 16.6%
3:00 H 1.207 1.645 4.803 6.512
: M .894 .894 .92 .
3:30 9.89 12.4% 9.89 18.4% 6.923 9.386
4:00 H 1.231 1.822 4.654 6.310
4:30 M 9.894 9.895 6.668 9.040
12.7% 17.2%
5:00 H 1.258 1.706 4.386 5.947
5:30 M 9.895 9.894 6.409 8.689
12.6% 16.4%
6:00 H 1.247 1.623 4.329 5.869
6:30 M 9.894 13.3% 9.894 19.5% 6.454 8.750
7:00 H 1.320 = 1.930 7 3.933 5.332
7:30 M 9.894 9.895 6.033 8.180
12.2% 16.5%
8:00 H 1.212 1.637 3.959 5.368
8:30 M 9.894 9.894 5.793 7.854
13.1% 17.2%
9:00 H 1.301 1.698 3.733 5.061
9:30 M 9.894 13.0% 9.894 17.3% 5.625 7.626
10:00 H 1.285 - 1.708 = 3.587 4.863
11:00 M 9.894 9.895 5.127 6.951
10.7% 12.9%
12:00 H 1.059 1.276 3.700 5.016
13:00 M 9.895 9.895 5.372 7.283
11.6% 14.8%
14:00 H 1.151 1.464 3.114 4.222
15:00 M 9.894 9.894 4.883 6.620
11.9% 12.8%
16:00 H 1.180 1.270 3.162 4.287
17:00 M 9.895 11.3% 9.895 13.9% 5.181 7.024
18:00 H 1.115 = 1.373 o 3.602 4.884
19:00 M 9.894 9.7% 9.894 15.5% 5.645 7.653
20:00 H 0.958 1.530 3.227 4.375
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 0.789 Hmax Amplitude (mV): 2.363
Hmax Torque (Nm) 2.772| 3.758278 Hmax Torque (Nm) 3.758278
Mmax Stim Intensity (mA): 90 Mmax Stim Intensity (mA): 90
Mmax Amlitude (mV): 9.894 Mmax Amplitude (mV): 5.159
Mmax Torque (Nm) 4.187| 5.676735|Mmax Torque (Nm) 5.676735
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.680 Hmax Amplitude (mV): 1.907
Hmax Torque (Nm) 3.386| 4.590739|Hmax Torque (Nm) 4.590739
Gastroc H/M 6.9% Soleus H/M 37.0%
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Subject 2 Session 1 Treatment order: SMT, no MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 6 8% 9,894 24.5% 7.214 9.781
0:20 H 0.675 e 2.425 7 5.054 6.852
0:30 M 9.894 6.0% 9,804 25 59% 7.787 10.558
0:40 H 0.678 = 2.524 =7 5.005 6.786
0:50 M 9.896 - 0% 9.897 26.7% 7.661 10.387
1:00 H 0.777 = 2.64 7 5.042 6.836
1:30 M 9.894 2% 9,896 27 8% 7.509 10.181
2:00 H 0.709 o 2.755 e 4.777 6.477
2:30 M 9.894 8.4% 9.895 7 19% 7.414 10.052
3:00 H 0.831 i 2.684 = 5.014 6.798
3:30 M 9.894 2 7% 9,894 26.3% 7.184 9.740
4:00 H 0.758 P 2.607 = 4.738 6.424
4:30 M 9.894 8 5% 9.896 25 09% 7.278 9.868
5:00 H 0.837 =7 2.565 = 4.779 6.479
5:30 M 9.894 10.2% 9,894 25.19% 7.023 9.522
6:00 H 1.007 o 2.488 o 5.001 6.780
6:30 M 9.894 5% 9.804 26.0% 7.088 9.610
7:00 H 0.743 =7 2.575 - 4.746 6.435
7:30 M 9.896 850 9,897 26.4% 7.151 9.695
8:00 H 0.837 =7 2.613 i 4.979 6.751
8:30 M 9.894 5% 9,896 27 5% 7.219 9,788
9:00 H 0.738 =7 2.725 =7 4.569 6.195
9:30 M 9.894 8% 9.895 26.8% 6.821 9.248
10:00 H 0.772 o 2.65 o 4.565 6.189
11:00 M 9.895 679 9.895 27 8% 6.790 9.206
12:00 H 0.659 e 2.755 o 4.592 6.226
13:00 M 9.894 7% 9.895 7 % 6.906 9.363
14:00 H 0.760 e 2.713 i 4.502 6.104
15:00 M 9.894 5 0% 9,896 30.2% 6.081 8.245
16:00 H 0.691 - 2.993 o 4.239 5.747
17:00 M 9.897 % 9.897 20.8% 6.464 8.764
18:00 H 0.730 i 3.045 o 4.151 5.628
19:00 M 9.894 7 504 9,895 20.8% 6.547 8.876

. (] o (]
20:00 H 0.741 3.045 4.334 5.876

Gastroc Soleus

Recruitment Curve Recruitment Curve

Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12

Hmax Amplitude (mV): 0.787 Hmax Amplitude (mV): 2.991

Hmax Torque (Nm) 5.770| 7.822966|Hmax Torque (Nm) 7.822966

Mmax Stim Intensity (mA): 85 Mmax Stim Intensity (mA): 85

Mmax Amplitude (mV): 9.893 Mmax Amplitude (mV): 9.894

Mmax Torque (Nm) 8.146| 11.04435|Mmax Torque (Nm) 11.04435

Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12

Hmax Amplitude (mV): 0.738 Hmax Amplitude (mV): 3.041

Hmax Torque (Nm) 4.325| 5.863835|Hmax Torque (Nm) 5.863835

Gastroc H/M 7.5% Soleus H/M 30.7%
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Subject 2 Session 2 Treatment order: 60 s rest, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.893 9.893 11.669 15.821
4.3% 25.7%
0:20 H 0.421 2.546 6.099 8.269
0:30 M 9.892 4.9% 9.893 27.0% 12.283 16.653
0:40 H 0.484 o 2.668 7 6.751 9.153
0:50 M 9.892 3.9% 9.893 25.3% 11.928 16.172
1:00 H 0.390 o 2.502 = 6.323 8.573
1:30 M 9.892 9.895 11.966 16.224
4.1% 27.9%
2:00 H 0.410 2.764 6.445 8.738
2:30 M 9.893 9.893 11.221 15.213
4.8% 27.7%
3:00 H 0.472 2.744 6.106 8.279
3:30 M 9.893 9.893 10.940 14.832
4.4% 28.3%
4:00 H 0.440 2.801 6.117 8.293
4:30 M 9.894 8.816 10.454 14.174
4.6% 30.3%
5:00 H 0.455 2.675 5.972 8.097
5:30 M 9.893 9.893 10.067 13.649
5.0% 28.9%
6:00 H 0.494 2.858 5.702 7.731
6:30 M 9.893 9.606 9.517 12.903
5.8% 31.6%
7:00 H 0.575 3.032 6.072 8.232
7:30 M 9.894 9.895 9.427 12.781
5.8% 29.8%
8:00 H 0.570 2.944 6.057 8.212
8:30 M 9.895 9.893 9.166 12.427
7.7% 28.6%
9:00 H 0.758 2.833 4,942 6.700
9:30 M 9.893 9.893 8.732 11.839
6.1% 31.5%
10:00 H 0.604 3.114 6.002 8.138
11:00 M 9.894 5.9% 9.894 30.3% 8.631 11.702
12:00 H 0.582 o 2.999 = 5.892 7.988
13:00 M 9.893 9.893 8.812 11.947
4.9% 32.2%
14:00 H 0.482 3.182 5.017 6.802
15:00 M 9.894 9.894 8.238 11.169
4.4% 29.1%
16:00 H 0.436 2.875 5.351 7.255
17:00 M 9.894 9.895 8.101 10.983
4.7% 30.1%
18:00 H 0.463 2.978 4.824 6.540
19:00 M 9.893 5.49% 9.894 30.6% 7.627 10.341
20:00 H 0.531 3.026 5.359 7.266
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.356 Hmax Amplitude (mV): 2.054
Hmax Torque (Nm) 4.779| 6.479368|Hmax Torque (Nm) 6.479368

Mmax Stim Intensity (mA): 85 Mmax Stim Intensity (mA): 85

Mmax Amlitude (mV): 9.892 Mmax Amlitude (mV): 9.894
Mmax Torque (Nm) 5-589 Mmax Torque (Nm) 7.577566
Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.305 Hmax Amplitude (mV): 2.783
Hmax Torque (Nm) 4.264{ 5.781131|Hmax Torque (Nm) 5.781131
Gastroc H/M 3.1% Soleus H/M 28.1%
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Subject 2 Session 3 Treatment order: SMT, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.895 7.865 14.256 19.328
3.7% 36.5%
0:20 H 0.364 2.873 5.935 8.047
0:30 M 9.895 o 8.138 27 8% 12.644 17.143
0:40 H 0.466 e 3.074 o 6.238 8.457
0:50 M 9.894 4290 7.855 20.2% 12.218 16.565
1:00 H 0.412 e 3.161 e 5917 8.022
1:30 M 9.894 3 0% 7.802 a1.1% 11.449 15.523
2:00 H 0.385 o 3.203 T 5.688 7.712
2:30 M 9.894 5 79 8.153 40.3% 10.594 14.363
3:00 H 0.565 o 3.286 = 5.867 7.954
3:30 M 9.895 7290 8.092 AL6% 10.013 13.576
4:00 H 0.715 e 3.363 o 5.931 8.041
4:30 M 9.895 5 1% 8.136 42,39 9.864 13.374
5:00 H 0.505 o 3.439 = 5.716 7.750
5:30 M 9.894 2.0 8.051 30.6% 9.267 12.564
6:00 H 0.341 o 3.189 o 5.116 6.936
6:30 M 9.894 3% 8.153 28.7% 9.299 12.608
7:00 H 0.364 e 3.155 e 5.381 7.296
7:30 M 9.894 7.854 8.821 11.960
() 0,
8:00 H 0.797 8.1% 3.455 44.0% 6.043 8.193
8:30 M 9.895 9% 7.882 40.9% 9.089 12.323
9:00 H 0.488 o 3.223 o 5.901 8.001
9:30 M 9.894 7 1% 8.038 179 8.621 11.688
10:00 H 0.704 o 3.348 e 5.096 6.909
11:00 M 9.895 9% 7.873 12.2% 8.732 11.839
12:00 H 0.483 o 3.323 o 5.045 6.840
13:00 M 9.895 a5 8.187 29,50 8.104 10.987
14:00 H 0.478 = 3.231 P 4.944 6.703
15:00 M 9.894 5 7% 8.243 a1.0% 7.972 10.808
16:00 H 0.567 e 3.381 - 4.504 6.107
17:00 M 9.894 8.211 7.332 9.941
0, 0,
18:00 H 0.694 7:0% 3.394 41.3% 5.097 6.911
19:00 M 9.894 6.8% 7.839 12.3% 7.752 10.510
. (] . (]
20:00 H 0.677 3.316 5.037 6.829
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.532 Hmax Amplitude (mV): 3.158
Hmax Torque (Nm) 4.307| 5.839431|Hmax Torque (Nm) 5.839431
Mmax Stim Intensity (mA): 80 Mmax Stim Intensity (mA): 80
Mmax Amlitude (mV): 9.893 Mmax Amlitude (mV): 7.300
Mmax Torque (Nm) 6.852( 9.289942| Mmax Torque (Nm) 9.289942
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.22 Hmax Amplitude (mV): 2.821
Hmax Torque (Nm) 3.808| 5.162886|Hmax Torque (Nm) 5.162886
Gastroc H/M 2.2% Soleus H/M 38.6%
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Subject 3 Session 1 Control
1st
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9,895 5 0% 8.736 45.5% 6.069 8.228
0:20 H 0.585 e 3.973 o7 2.854 3.869
0:30 M 9.895 . . .
6.4% 8.685 12.3% 6.333 8.586
0:40 H 0.635 3.674 2.958 4.010
0:50 M 9.894 - 0% 8.830 27.1% 5.825 7.898
1:00 H 0.689 el 3.280 P 2.824 3.286
1:30 M 9,894 6.9% 8.422 7.2% 6.248 8.471
2:00 H 0.687 3.979 3.006 4.076
2:30 M 9.894 6 3% 8.722 45.3% 6.310 8.555
3:00 H 0.622 = 3.950 = 3.131 4.245
3:30 M 9.894 8.426 5.705 7.735
7.7% 44.9%
4:00 H 0.762 3.787 3.357 4.551
4:30 M 9,894 . ] .
6.4% 8.449 B.7% 5.868 7.956
5:00 H 0.637 3.692 3.364 4.561
: M 894 402 7 7.84
5:30 9.89 s 6% 8.40! 20.9% 5.785 843
6:00 H 0.557 3.770 3.322 4.504
6:30 M 9,894 5 0% 8.644 13.8% 5.952 8.070
7:00 H 0.581 3.788 3.206 4.347
7:30 M 9,894 8.536 5.846 7.926
6.9% 44.8%
8:00 H 0.682 3.820 3.176 4.306
8:30 M 9.804 3% 8.540 46.4% 5.686 7.709
9:00 H 0.725 = 3.961 i 2.888 3.916
9:30 M 9,894 8.401 5.584 7.571
7.0% 44.3%
10:00 H 0.692 3.720 3.148 4.268
11:00 M 9,894 8.392 5.528 7.495
5.0% 41.1%
12:00 H 0.496 3.445 3.105 4210
13:00 M 9.894 6 1% 8.275 46.8% 5.403 7.325
14:00 H 0.606 o 3.873 o0 2.954 4.005
15:00 M 9,894 8.205 5.488 7.441
6.4% 46.3%
16:00 H 0.631 3.795 2.915 3.952
17:00 M 9.895 8.259 5.358 7.264
6.9% 47.1%
18:00 H 0.685 3.888 2.854 3.869
19:00 M 9.894 61% 8.134 12.9% 5.308 7.197
20:00 H 0.608 3.489 2.921 3.960
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2nd

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 8.560 6.275 8.508
6.0% 47.2%
0:20 H 0.595 4.038 3.793 5.143
0:30 M 9.894 8.701 6.950 9.423
6.1% 44.8%
0:40 H 0.603 3.899 3.923 5.319
0:50 M 9.894 8.661 6.881 9.329
5.5% 44.7%
1:00 H 0.540 3.873 3.708 5.027
1:30 M 9.894 8.874 6.887 9.337
5.3% 45.4%
2:00 H 0.527 4,031 3.930 5.328
2:30 M 9.894 8.700 6.726 9.119
5.9% 44.9%
3:00 H 0.583 3.906 3.842 5.209
3:30 M 9.894 8.831 6.983 9.468
6.0% 44.0%
4:00 H 0.598 3.888 3.583 4.858
4:30 M 9.894 8.745 7.021 9.519
6.8% 43.5%
5:00 H 0.669 3.804 3.806 5.160
5:30 M 9.894 10.0% 8.789 46.4% 7.058 9.569
6:00 H 0.990 = 4,081 i 3.484 4,724
6:30 M 9.894 8.862 7.139 9.679
8.0% 44.5%
7:00 H 0.796 3.946 3.828 5.190
7:30 M 9.895 8.701 7.387 10.015
8.2% 43.5%
8:00 H 0.812 3.782 4.059 5.503
8:30 M 9.893 8.799 7.518 10.193
0, 0,
9:00 H 0.659 6.7% 4,162 47.3% 3.914 5.307
9:30 M 9.894 8.900 6.940 9.409
6.8% 43.1%
10:00 H 0.676 3.837 4.007 5.433
11:00 M 9.894 8.851 7.217 9.785
0, (V)
12:00 H 1.043 10.5% 3.902 44.1% 3.493 4,736
13:00 M 9.894 8.915 7.139 9.679
9.4% 44.6%
14.00 H 0.927 3.976 2.795 3.789
15:00 M 9.894 8.901 7.148 9.691
9.7% 42.6%
16:00 H 0.960 3.795 2.754 3.734
17:00 M 9.894 8.741 6.847 9.283
8.0% 45.1%
18:00 H 0.787 3.946 3.265 4.427
19:00 M 9.894 9.4% 8.678 44.6% 6.577 8.917
20:00 H 0.927 3.874 2.675 3.627
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.789 Hmax Amplitude (mV): 3.466
Hmax Torque (Nm) 3.691| 5.004258|Hmax Torque (Nm) 5.004258
Mmax Stim Intensity (mA): 100 Mmax Stim Intensity (mA): 100
Mmax Amplitude (mV): 9.894 Mmax Amlitude (mV): 8.587
Mmax Torque (Nm) 6.987| 9.472975|Mmax Torque (Nm) 9.472975
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.723 Hmax Amplitude (mV): 3.591
Hmax Torque (Nm) 3.250| 4.40635|Hmax Torque (Nm) 4.40635
Gastroc H/M 7.3% Soleus H/M 41.8%
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Subject 3 Session 2 Control
#1
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
;1 M .894 .72 .1 .32
0:10 9.89 9.2% 8.723 42.0% 6.139 8.323
0:20 H 0.907 3.665 2.854 3.869
: M .894 .647 X X
0:30 9.89 10.7% 8.64 45.3% 6.333 8.586
0:40 H 1.058 3.919 3.016 4.089
0:50 M 9.894 8.672 5.898 7.997
8.2% 45.5%
1:00 H 0.807 3.942 2.404 3.259
1:30 M 9.894 9.2% 8.672 44.3% 6.248 8.471
2:00 H 0.907 o 3.841 = 3.018 4,092
2:30 M 9.895 7.9% 8.491 45.9% 6.310 8.555
3:00 H 0.708 o 3.898 o 3.131 4.245
3:30 M 9.894 6.2% 8.570 47.09 5.935 8.047
4:00 H 0.614 o 4,028 - 3.373 4.573
4:30 M 9.894 8.717 5.868 7.956
6.4% 41.7%
5:00 H 0.634 3.631 3.364 4.561
5:30 M 9.894 8.672 5.869 7.957
9.2% 42.9%
6:00 H 0.912 3.720 3.322 4.504
6:30 M 9.894 8.6% 8.446 45.9% 5.952 8.070
7:00 H 0.851 3.877 3.206 4.347
7:30 M 9.894 8.390 5.883 7.976
7.7% 45.2%
8:00 H 0.761 3.794 3.138 4.255
8:30 M 9.894 10.9% 8.618 44.0% 5.743 7.786
9:00 H 1.081 3.826 2.888 3.916
9:30 M 9.894 8.8% 8.584 44.4% 5.584 7.571
10:00 H 0.873 3.815 2.377 3.223
11: B : . .

00 M 9.895 8.4% 8.538 43.5% 5.558 7.536
12:00 H 0.832 3.711 2.180 2.956
13:00 M 9.894 8.742 5.484 7.435

8.7% 44.8%

14:00 H 0.863 3.916 2.954 4.005
15:00 M 9.894 8.5% 8.617 43.4% 5.517 7.480
16:00 H 0.837 3.739 2.915 3.952
17: B 3 . .2

7:00 M 9.894 10.3% 8.630 44.5% 5.358 7.264
18:00 H 1.017 3.839 2.844 3.856
19:00 M 9.894 7.5% 8.781 42.6% 5.308 7.197
20:00 H 0.740 3.740 1.899 2.575
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#2

Time (min)|[ H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)

0:10 M 9.895 8.574 4.555 6.176
10.3% 45.1%

0:20 H 1.021 i 3.866 ° 2.188 2.966

0:30 M 9.898 8.368 4.689 6.357
8.1% 45.9%

0:40 H 0.797 3.837 2.306 3.126

0:50 M 9.894 8.701 4.697 6.368
9.2% 43.5%

1:00 H 0.908 3.783 2.110 2.861

1 X .61 912 .

30 M 9.894 9.7% 8.613 42.3% 4.9 6.660
2:00 H 0.960 3.639 2.183 2.960
2:30 M 9.894 8.343 5.191 7.038

0, 0,
3:00 H 0.921 9.3% 3.439 41.2% 1.820 2.468
3:30 M 9.894 9.3% 8.287 44.5% 4916 6.665
4:00 H 0.921 =P 3.688 7 2.157 2.924
4:30 M 9.894 8.345 4.570 6.196
10.4% 43.9%
5:00 H 1.028 3.662 1.983 2.689
5:30 M 9.894 8.438 4.194 5.686
9.7% 44.7%
6:00 H 0.959 3.770 2.037 2.762
6:30 M 9.894 9.9% 8.254 43.6% 3.940 5.342
7:00 H 0.980 3.597 2.045 2.773
7:30 M 9.894 8.327 4.675 6.338
9.2% 44.1%
8:00 H 0.915 3.674 1.914 2.595
8:30 M 9.895 10.1% 8.261 48.0% 4.058 5.502
9:00 H 1.004 3.665 1.945 2.637
9:30 M 9.894 10.1% 8.268 47.3% 3.876 5.255
10:00 H 0.995 3.912 1.968 2.668
11:00 M 9.894 8.245 3.932 5.331
11.6% 43.4%
12:00 H 1.144 3.582 1.903 2.580
13:00 M 9.895 8.103 3.651 4.950
9.6% 43.9%
14:00 H 0.952 3.561 1.869 2.534
15:00 M 9.894 10.1% 8.233 41.5% 3.446 4.672
16:00 H 1.001 P 3.415 7 1.997 2.708
17:00 M 9.894 8.353 4,222 5.724
7.0% 40.7%
18:00 H 0.688 3.396 2.061 2.794
19:00 M 9.894 6.0% 8.348 41.2% 4,071 5.519
20:00 H 0.597 3.439 1.979 2.683
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 0.791 Hmax Amplitude (mV): 3.34
Hmax Torque (Nm) 2.098| 2.844468|Hmax Torque (Nm) 2.844468
Mmax Stim Intensity (mA): 45 Mmax Stim Intensity (mA): 45
Mmax Amlitude (mV): 9.892 Mmax Amlitude (mV): 7.732
Mmax Torque (Nm) 5.536| 7.505709|Mmax Torque (Nm) 7.505709
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.909 Hmax Amplitude (mV): 3.683
Hmax Torque (Nm) 1.844( 2.500095|Hmax Torque (Nm) 2.500095
Gastroc H/M 9.2% Soleus H/M 47.6%
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Subject 4 Session 1 Treatment order: SMT, no MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
;1 M .894 2.957 7.082 .602
0:10 9.89 2.5% 95 33.2% 08 9.60.
0:20 H 0.245 0.982 2.373 3.217
: M .894 2. 7.04 .552
0:30 9.89 3.3% 980 39.2% 045 9.55
0:40 H 0.324 1.167 2.573 3.488
0:50 M 9.894 3.040 6.744 9.144
2.9% 40.9%
1:00 H 0.289 1.244 2.576 3.493
1:30 M 9.894 3.3% 3.020 42.6% 6.574 8.913
2:00 H 0.331 = 1.287 o7 2.555 3.464
2:30 M 9.894 3.7% 3.120 44.5% 6.157 8.348
3:00 H 0.369 e 1.388 7 2.687 3.643
3:30 M 9.894 3.170 6.093 8.261
3.8% 41.4%
4:00 H 0.379 1.312 2.550 3.457
4:30 M 9.894 3.090 5.779 7.835
3.6% 42.83%
5:00 H 0.358 1.322 2.514 3.408
5:30 M 9.894 3.9% 3.110 42.1% 5.634 7.639
6:00 H 0.385 o 1.310 7 2.570 3.484
6:30 M 9.894 3.8% 3.190 41.6% 5.535 7.504
7:00 H 0.373 o 1.328 o7 2.637 3.575
7:30 M 9.895 2.900 5.365 7.274
3.9% 42.0%
8:00 H 0.388 1.218 2.370 3.213
8:30 M 9.894 3.010 5.183 7.027
.59 41.39
9:00 H 0.343 3:5% 1.243 3% 2.386 3.235
9:30 M 9.894 3.4% 3.240 38.2% 5.139 6.967
10:00 H 0.336 1.238 2.439 3.307
11:00 M 9.894 3.3% 3.300 37.5% 4,991 6.767
12:00 H 0.322 = 1.236 7 2.046 2.774
13:00 M 9.894 3.250 4.732 6.416
3.1% 37.3%
14:00 H 0.311 1.213 2.134 2.893
15:00 M 9.894 3.010 4.520 6.128
3.1% 36.6%
16:00 H 0.308 1.101 1.858 2.519
17:00 M 9.894 3.160 4.415 5.986
3.0% 35.4%
18:00 H 0.300 1.119 1.981 2.686
19:00 M 9.894 3.0% 3.110 40.5% 4.442 6.022
20:00 H 0.292 1.259 2.081 2.821
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 0.186 Hmax Amplitude (mV): 1.287
Hmax Torque (Nm) 2.008| 2.722446 Hmax Torque (Nm) 2.722446
Mmax Stim Intensity (mA): 90 Mmax Stim Intensity (mA): 90
Mmax Amplitude (mV): 9.893 Mmax Amplitude (mV): 4.140
Mmax Torque (Nm) 6.335| 8.588993 Mmax Torque (Nm) 8.588993
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.280 Hmax Amplitude (mV): 1.275
Hmax Torque (Nm) 2.495| 3.382721 Hmax Torque (Nm) 3.382721
Gastroc H/M 2.8% Soleus H/M 30.8%
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Subject 4 Session 2 Treatment order: 60 s rest, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 4.545 7.034 9.537
3.2% 16.6%
0:20 H 0.319 0.755 3.232 4.382
0:30 M 9.894 3.3% 4.197 25.09 6.896 9.350
0:40 H 0.323 = 1.048 7 3.111 4218
0:50 M 9.894 4.457 6.407 8.687
4.2% 22.0%
1:00 H 0.411 0.981 3.381 4.584
1:30 M 9.894 5.010 6.131 8.312
4.0% 25.0%
2:00 H 0.394 1.250 3.551 4.814
2:30 M 9.894 4.705 5.773 7.827
3.9% 31.3%
3:00 H 0.387 1.474 3.442 4.667
3:30 M 9.894 4.674 5.927 8.036
3.6% 24.8%
4:00 H 0.357 1.159 3.257 4.416
4:30 M 9.894 4.846 5.818 7.888
3.5% 20.6%
5:00 H 0.347 0.996 3.162 4,287
5:30 M 9.894 4.828 5.763 7.813
2.9% 18.4%
6:00 H 0.287 0.889 3.006 4.076
6:30 M 9.894 4,791 5.500 7.457
3.5% 23.8%
7:00 H 0.348 1.142 2.960 4.013
7:30 M 9.894 4.3% 4.801 22.3% 5.369 7.279
8:00 H 0.429 = 1.072 = 2.697 3.657
8:30 M 9.894 4.644 5.405 7.328
3.6% 24.1%
9:00 H 0.359 1.119 2.828 3.834
9:30 M 9.894 4.374 5.205 7.057
4.1% 27.3%
10:00 H 0.410 1.192 3.083 4.180
11:00 M 9.894 4.402 5.294 7.178
4.0% 27.2%
12:00 H 0.391 1.199 3.104 4.208
13:00 M 9.894 4.807 5.275 7.152
3.1% 21.8%
14:00 H 0.309 1.050 2.682 3.636
15:00 M 9.894 3.3% 4.761 26.1% 5.121 6.943
16:00 H 0.324 1.242 2.670 3.620
17:00 M 9.894 2 8% 4.812 18.8% 4.887 6.626
18:00 H 0.280 0 0.905 = 2.750 3.728
19:00 M 9.895 3.6% 4.329 26.2% 5.028 6.817
20:00 H 0.355 1.136 2.706 3.669
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 16 Hmax Stim Intensity (mA): 16
Hmax Amplitude (mV): 0.376 Hmax Amplitude (mV): 1.485
Hmax Torque (Nm) 2.120( 2.874296|Hmax Torque (Nm) 2.874296
Mmax Stim Intensity (mA): 100 Mmax Stim Intensity (mA): 100
Mmax Amlitude (mV): 9.894 Mmax Amplitude (mV): 4.613
Mmax Torque (Nm) 5.184( 7.028467 Mmax Torque (Nm) 7.028467
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 16 Hmax Stim Intensity (mA): 16
Hmax Amplitude (mV): 0.410 Hmax Amplitude (mV): 1.289
Hmax Torque (Nm) 2.386| 3.234939|Hmax Torque (Nm) 3.234939
Gastroc H/M 4.1% Soleus H/M 27.9%
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Subject 4 Session 3 Treatment oder: SMT, MVIC, H/M

Time (min)|[ H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 Y] 9.894 3.1% 4.332 14.6% 6.972 9.453
0:20 H 0.304 7 0.633 o7 1.621 2.198
0:30 M 9.894 4.468 7.439 10.086

3.4% 18.4%
0:40 H 0.340 0.824 1.675 2.271
0:50 ] 9.894 4.625 6.566 8.902
3.8% 16.9%
1:00 H 0.373 0.780 1.652 2.240
1: M 9.894 4,382 421 .7
30 89 4.0% 38 18.6% 6 8.706
2:00 H 0.432 0.814 1.859 2.520
2:30 M 8.911 4.8% 4.815 19.9% 5.799 7.862
3:00 H 0.432 = 0.958 o 2.048 2.777
3:30 M 6.895 4.870 5.618 7.617
.89 20.69
4:00 H 0.471 6.8% 1.005 0.6% 2.065 2.800
4: M 7.574 4.91 .607 7.602
30 5 6.6% 915 18.0% 5.60 60
5:00 H 0.503 0.883 2.078 2.817
5:30 Y] 8.094 4.922 5.627 7.629
6.4% 18.3%
6:00 H 0.514 0.903 1.884 2.554
6:30 M 7.872 4,923 5.378 7.291
4.8% 22.4%
7:00 H 0.381 1.105 1.793 2.431
7:30 M 7.925 4.6% 4.888 16.6% 5.193 7.041
8:00 H 0.363 o7 0.809 o7 1.839 2.493
8:30 M 7.845 4.971 5.129 6.954
5.7% 18.3%
9:00 H 0.444 0.910 1.869 2.534
9:30 M 9.113 4.701 4,961 6.726
4.9% 21.1%
10:00 H 0.450 0.990 1.849 2.507
11:00 M 9.232 4.5% 4.857 21.8% 5.003 6.783
12:00 H 0.411 =7 1.057 = 1.894 2.568
13:00 M 9.894 4.895 4,949 6.710
4.0% 20.0%
14:00 H 0.396 0.980 1.856 2.516
15:00 Y] 9.895 4.827 5.089 6.900
4.1% 13.1%
16:00 H 0.402 0.631 1.864 2.527
17:00 M 9.894 4.703 5.122 6.944
3.5% 20.6%
18:00 H 0.349 0.970 1.365 1.851
19:00 M 9.895 4.3% 4.700 20.4% 4.866 6.597
20:00 H 0.425 0.959 1.610 2.183

Gastroc Soleus

Recruitment Curve Recruitment Curve

Hmax Stim Intensity (mA): 16 Hmax Stim Intensity (mA): 16

Hmax Amplitude (mV): 0.386 Hmax Amplitude (mV): 0.946

Hmax Torque (Nm) 2.875| 3.897925|Hmax Torque (Nm) 3.897925

Mmax Stim Intensity (mA): 85 Mmax Stim Intensity (mA): 85

Mmax Amlitude (mV): 9.894 Mmax Amplitude (mV): 5.304

Mmax Torque (Nm) 5.142| 6.971524| Mmax Torque (Nm) 6.971524

Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14

Hmax Amplitude (mV): 0.389 Hmax Amplitude (mV): 1.098

Hmax Torque (Nm) 2.107| 2.856671|Hmax Torque (Nm) 2.856671

Gastroc H/M 3.9% Soleus H/M 20.7%
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Subject 5 Session 1 Treatment order: 60 s rest, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
;1 M 7.534 .97 .554 X
0:10 53 17% 6.970 12.5% 6.55 8.886
0:20 H 0.125 0.871 5.041 6.835
0:30 M 8.261 3 7.47 10.1
1.5% 6.885 15.1% 8 0.139
0:40 H 0.120 1.043 5.089 6.900
0:50 M 8.628 1.3% 7.028 10.7% 7.329 9.937
1:00 H 0.112 = 0.753 i 5.327 7.222
1:30 M 8.229 1.3% 7.162 12.9% 7.127 9.663
2:00 H 0.108 = 0.925 o7 4.967 6.734
2:30 M 8.815 2.1% 7.062 12.7% 7.078 9.596
3:00 H 0.184 7 0.896 e 4.987 6.761
3:30 M 8.598 6.978 7.060 9.572
2.2% 12.9%
4:00 H 0.190 0.902 5.009 6.791
4:30 M 8.909 2.1% 7.040 14.2% 6.704 9.089
5:00 H 0.183 7 0.999 7 4.548 6.166
5:30 M 8.709 2 3% 7.075 14.6% 6.685 9.064
6:00 H 0.199 = 1.033 o 4.246 5.757
6:30 M 9.011 6.872 6.747 9.148
2.1% 9.2%
7:00 H 0.192 0.635 4.246 5.757
7:30 M 8.956 7.236 X X
2.1% 10.2% 0274 8500
8:00 H 0.192 0.741 4.029 5.463
8:30 M 9.090 7.254 6.138 8.322
1.9% 14.5%
9:00 H 0.175 1.052 4,131 5.601
9:30 M 9.121 7.350 5.871 7.960
1.6% 9.4%
10:00 H 0.150 0.693 4.166 5.648
11:00 M 8.875 7.452 5.586 7.573
1.7% 12.3%
12:00 H 0.152 0.917 4.164 5.646
13:00 M 8.675 7.441 5.939 8.052
1.7% 8.6%
14:00 H 0.150 0.643 4.057 5.500
15:00 M 9.024 7.156 5.658 7.671
1.7% 8.7%
16:00 H 0.152 0.620 4.055 5.498
17:00 M 9.049 7.030 5.572 7.555
1.9% 8.7%
18:00 H 0.175 0.611 4.011 5.438
19:00 M 8.855 1.6% 7.187 7.7% 5.442 7.378
20:00 H 0.142 0.553 4.204 5.700
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 8 Hmax Stim Intensity (mA): 8
Hmax Amplitude (mV): 0.961 Hmax Amplitude (mV): 2.723
Hmax Torque (Nm) 1.795| 2.433661|Hmax Torque (Nm)
Mmax Stim Intensity (mA): 100 Mmax Stim Intensity (mA): 100
Mmax Amplitude (mV): 6.296 Mmax Amplitude (mV): 6.871
Mmax Torque (Nm) 3.897| 5.283553|Mmax Torque (Nm)
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 0.166 Hmax Amplitude (mV): 0.698
Hmax Torque (Nm) 3.776| 5.119501|Hmax Torque (Nm)
Gastroc H/M 2.6% Soleus H/M 10.2%
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Subject 5 Session 2 Treatment order: SMT, no MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.786 9.895 4.370 5.925
2.3% 8.4%
0:20 H 0.222 0.831 1.837 2.491
0:30 M 8.768 9.895 5.050 6.847
4.2% 14.9%
0:40 H 0.372 1.477 1.626 2.205
0:50 M 9.092 > 6% 9.894 11.3% 5.197 7.046
1:00 H 0.235 o7 1.114 = 1.568 2.126
1:30 M 9.733 6.9% 9.895 18.9% 4.144 5.618
2:00 H 0.673 o 1.868 = 1.336 1.811
2:30 M 9.700 9.894 4.270 5.789
5.4% 17.3%
3:00 H 0.522 1.707 1.373 1.862
3:30 M 9.894 9.894 4.003 5.427
7.2% 22.0%
4:00 H 0.711 2.181 1.205 1.634
4. § .894 .81 I
30 M 9.894 2.3% 9.89 15.0% 3.810 5.166
5:00 H 0.223 1.485 0.661 0.896
5:30 M 9.894 9.894 4.553 6.173
6.7% 18.2%
6:00 H 0.660 1.802 1.270 1.722
6:30 M 9.894 6.9% 9.894 17.9% 3.647 4.945
7:00 H 0.680 1.77 0.892 1.209
7. M .894 .894 517 4.7
30 9.89 6.5% 9.89 15.7% 3.5 68
8:00 H 0.644 1.556 2.542 3.446
8:30 M 9.894 9.894 3.762 5.101
6.1% 17.4%
9:00 H 0.602 1.722 0.887 1.203
9:30 M 9.894 9.895 4.090 5.545
2.2% 14.7%
10:00 H 0.215 1.457 1.034 1.402
11:00 M 9.895 7 6% 9.895 22.0% 3.896 5.282
12:00 H 0.751 o7 2.175 7 1.146 1.554
13:00 M 9.894 9.894 7.866 10.665
5.7% 13.4%
14:00 H 0.567 1.327 3.769 5.110
15:00 M 9.894 5.6% 9.895 16.0% 4.163 5.644
16:00 H 0.556 o 1.586 - 1.071 1.452
17:00 M 9.894 6.4% 9.895 19.7% 4.108 5.570
18:00 H 0.635 o 1.953 e 1.222 1.657
19:00 M 9.895 3.3% 9.895 12.7% 3.688 5.000
20:00 H 0.323 1.254 0.945 1.281
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 0.733 Hmax Amplitude (mV): 1.751
Hmax Torque (Nm) 0.747| 1.012783|Hmax Torque (Nm) 1.012783
Mmax Stim Intensity (mA): 100 Mmax Stim Intensity (mA): 100
Mmax Amlitude (mV): 9.893 Mmax Amplitude (mV): 9.893
Mmax Torque (Nm) 3.449| 4.676154| Mmax Torque (Nm) 4.676154
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 0.716 Hmax Amplitude (mV): 1.905
Hmax Torque (Nm) 1.643| 2.227579|Hmax Torque (Nm) 2.227579
Gastroc H/M 7.2% Soleus H/M 19.3%
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Subject 5 Session 3 Treatment order: SMT, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.895 . 6.747 3% 7.906 10.719
0:20 H 0.368 e 0.156 = 7.227 9.798
0:30 M 9.894 2 6% 6.869 49 7.878 10.681
0:40 H 0.357 e 0.165 i 6.423 8.708
0:50 M 9.894 3 1% 7.062 5 2% 7.392 10.022
1:00 H 0.305 = 0.158 e 6.172 8.368
1:30 M 9.894 5 8% 6.764 > 3% 6.790 9.206
2:00 H 0.279 o 0.153 = 5.856 7.940
2:30 M 9.894 5 7% 6.402 5 8% 6.612 8.965
3:00 H 0.263 e 0.177 e 6.175 8.372
3:30 M 9.894 2 6% 6.793 > 3% 6.071 8.231
4:00 H 0.352 e 0.156 = 5.238 7.102
4:30 M 9.894 5 0% 6.737 5 49 5.174 7.015
5:00 H 0.286 o 0.162 i 4.472 6.063
5:30 M 9.894 5 0% 6.829 4% 5.451 7.390
6:00 H 0.283 e 0.166 P 4.590 6.223
6:30 M 9.894 8% 6.651 5 69 5.110 6.928
7:00 H 0.279 e 0.176 o7 5.100 6.915
7:30 M 9.894 2 0% 6.798 5 2% 4.845 6.569
8:00 H 0.295 - 0.148 o 4.461 6.048
8:30 M 9.894 209 6.801 5 3% 4.924 6.676
9:00 H 0.301 - 0.155 = 4.628 6.275
9:30 M 9.894 3 3% 6.882 39 4912 6.660
10:00 H 0.325 = 0.158 = 4.857 6.585
11:00 M 9.894 3.3% 6.477 > 5% 4,931 6.685
12:00 H 0.322 = 0.162 =7 4.427 6.002
13:00 M 9.895 3 3% 6.894 5 49 4.486 6.082
14:00 H 0.328 = 0.163 P 4.327 5.867
15:00 M 9.895 3% 6.677 5 5% 4.817 6.531
16:00 H 0.320 o 0.167 7 4.567 6.192
17:00 M 9.894 3 3% 6.305 5 6% 4.977 6.748
18:00 H 0.323 = 0.166 o7 3.900 5.288
19:00 M 9.872 3.9 6.500 5 500 4.906 6.652

. (] . 0
20:00 H 0.332 0.161 4.809 6.520

Gastroc Soleus

Recruitment Curve Recruitment Curve

:max it'm Il.r;tzns(lty\(/r)nA): . 3;‘ Hmax Stim Intensity (mA): 14

max Amplituae (mv): . .
P Hmax Amplitude (mV): 0.159

Hmax Torque (Nm) 5.714| 7.747041 A atToraueliNm

Mmax Stim Intensity (mA): 50 M s .q | : A -

Mmax Amlitude (mV): 9.892 max Stim Intensity (mA):

Mmax Torque (Nm) 6.387[ 8.659495| Mmax Amplitude (mV): 4.784

Confirm Hmax Mmax Torque (Nm)

Hmax Stim Intensity (mA): 12 Confirm Hmax

Hmax Amplitude (mV): 0.317 Hmax Stim Intensity (mA): 12

Hmax Torque (Nm) 5.089| 6.899666|Hmax Amplitude (mV): 0.164

Gastroc H/M 3.2% Soleus H/M 3.4%
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Subject 6 Session 1 Treatment order: 60 s rest, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 8.918 11.1% 5.573 56.9% 12.439 16.865
0:20 H 0.990 P 3.171 o 4.689 6.357
0:30 M 9.012 4,796 13.402 18.170
10.5% 62.4%
0:40 H 0.946 2.991 5.249 7.117
0:50 M 9.085 5.135 13.192 17.886
11.2% 55.8%
1:00 H 1.020 2.863 5.678 7.698
1:30 M 9.184 11.3% 4.893 58.3% 12.943 17.548
2:00 H 1.040 = 2.851 = 5.902 8.002
2:30 M 9.142 11.3% 4,317 55.7% 12.315 16.697
3:00 H 1.030 = 2.404 i 6.014 8.154
3:30 M 9.374 4.669 12.053 16.341
10.9% 52.8%
4:00 H 1.020 2.467 5.708 7.739
4:30 M 9.408 3.837 11.856 16.074
15.3% 18.1%
5:00 H 1.440 0.696 9.225 12.507
5:30 M 9.392 4.379 11.673 15.826
0, 0,
6:00 H 0.993 10.6% 2.288 52.2% 6.043 8.193
6:30 M 9.432 4.607 11.306 15.329
10.3% 47.0%
7:00 H 0.972 2.166 5.784 7.842
7:30 M 9.269 4.011 11.069 15.007
9.3% 47.1%
8:00 H 0.865 1.891 6.717 9.107
8:30 M 9.355 10.3% 4,135 56.2% 10.997 14.910
9:00 H 0.964 = 2324 o 5.352 7.256
9:30 M 9.409 3.993 10.553 14.308
10.0% 51.7%
10:00 H 0.938 2.066 5.435 7.369
11:00 M 9.357 3.673 10.423 14.132
10.2% 59.4%
12:00 H 0.958 2.181 5.156 6.991
13:00 M 9.348 10.6% 3.957 58.7% 10.182 13.805
14:00 H 0.992 o 2323 0 5.063 6.864
15:00 M 9.379 3.788 9.781 13.261
10.0% 55.8%
16:00 H 0.935 2.114 4.864 6.595
17:00 M 9.422 3.853 9.673 13.115
10.4% 55.8%
18:00 H 0.977 2.150 5.016 6.801
19:00 M 9.419 10.1% 3.988 51.5% 9.662 13.100
20:00 H 0.948 2.054 5.243 7.108
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 0.897 Hmax Amplitude (mV): 4.315
Hmax Torque (Nm) 2.875 3.898|Hmax Torque (Nm) 3.897925
Mmax Stim Intensity (mA): 55 Mmax Stim Intensity (mA): 55
Mmax Amplitude (mV): 9.303 Mmax Amplitude (mV): 9.893
Mmax Torque (Nm) 6.520 8.840| Mmax Torque (Nm) 8.839816
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 0.963 Hmax Amplitude (mV): 3.661
Hmax Torque (Nm) 2.955 4.006|Hmax Torque (Nm) 4.006389
Gastroc H/M 10.4% Soleus H/M 37.0%
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Subject 6 Session 2 Treatment order: SMT, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 5.517 11.509 15.604
3.7% 32.6%
0:20 H 0.368 1.801 6.069 8.228
: E . 11. 15.952
0:30 M 9.894 3.5% 5.330 31.3% 766 5.95
0:40 H 0.347 1.670 6.381 8.651
0:50 M 9.894 2.7% 5.344 27.6% 11.452 15.527
1:00 H 0.270 1.475 6.708 9.095
1:30 M 9.894 3.0% 5.238 20.2% 11.429 15.495
2:00 H 0.292 1.532 7.148 9.691
2:30 M 9.894 5.360 11.523 15.623
4.0% 32.6%
3:00 H 0.398 1.748 6.838 9.271
3:30 M 9.894 4.89 5.301 32.9% 11.171 15.146
4:00 H 0.475 = 1.746 o 6.697 9.080
4:30 M 9.894 4.5% 5.333 34.7% 10.798 14.640
5:00 H 0.441 1.849 6.493 8.803
5:30 M 9.895 5.374 10.449 14.167
4.3% 35.3%
6:00 H 0.425 1.898 6.240 8.460
6:30 M 9.894 4.2% 5.329 33.4% 10.673 14.470
7:00 H 0.411 1.779 6.481 8.787
7:30 M 9.894 4.3% 5.484 36.5% 10.382 14.076
8:00 H 0.425 1.999 5.998 8.132
8:30 M 9.895 5.543 9.972 13.520
4.4% 41.8%
9:00 H 0.438 2.315 6.010 8.148
9:30 M 9.894 5.358 9.904 13.428
4.6% 42.3%
10:00 H 0.451 2.267 5.768 7.820
11: § 2 X 13.11
00 M 9.894 3.9% 5.233 39.6% 9.676 3.119
12:00 H 0.389 2.074 5.602 7.595
13:00 M 9.894 5.567 9.260 12.555
3.3% 35.5%
14.00 H 0.327 1.976 5.838 7.915
15:00 M 9.894 2.7% 5.679 29.3% 9.142 12.395
16:00 H 0.271 e 1.665 = 5.788 7.847
17:00 M 9.894 3.0% 5.944 34.9% 9.023 12.233
18:00 H 0.296 2.073 5.098 6.912
19:00 M 9.894 3.8% 6.243 38.9% 8.884 12.045
20:00 H 0.378 2.429 4.663 6.322
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.771 Hmax Amplitude (mV): 2.811
Hmax Torque (Nm) 4.605| 6.243459|Hmax Torque (Nm) 6.243459
Mmax Stim Intensity (mA): 80 Mmax Stim Intensity (mA): 80
Mmax Amlitude (mV): 9.893 Mmax Amlitude (mV): 5.036
Mmax Torque (Nm) 10.366| 14.05422| Mmax Torque (Nm) 14.05422
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.398 Hmax Amplitude (mV): 1.808
Hmax Torque (Nm) 6.608| 8.959126|Hmax Torque (Nm) 8.959126
Gastroc H/M 4.0% Soleus H/M 35.9%
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Subject 6 Session 3 Treatment order: SMT, no MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
;1 M .32 R 7.91 10.724
0:10 9.325 10.7% 9.895 47.9% 910 0
0:20 H 0.996 4.735 3.103 4.207
: M 8.92 .89 .134 12.384
0:30 928 11.2% 9.896 46.9% 9.13 38
0:40 H 0.997 4.641 3.213 4.356
0:50 M 8.932 10.4% 9.895 48.7% 9.292 12.598
1:00 H 0.930 i 4.815 e 3.075 4.169
1:30 M 8.828 10.3% 9.895 47.6% 9.314 12.628
2:00 H 0.909 = 4.711 o 3.252 4.409
2:30 M 8.851 10.5% 9.895 50.4% 9.178 12.444
3:00 H 0.926 7 4.986 e 3.171 4.299
3:30 M 8.865 10.3% 9.895 50.5% 9.293 12.599
4:00 H 0.917 = 5.001 7 3.111 4.218
4:30 M 8.852 9.895 9.100 12.338
10.7% 49.9%
5:00 H 0.944 4,937 3.075 4.169
5:30 M 8.828 9.895 9.001 12.204
10.3% 51.1%
6:00 H 0.912 5.052 2.953 4.004
6:30 M 8.736 9.896 8.884 12.045
10.2% 51.1%
7:00 H 0.890 5.057 3.044 4,127
7:30 M 8.505 9.895 8.940 12.121
10.39 1.8
8:00 H 0.878 0.3% 5.125 >1.8% 2.973 4.031
8:30 M 8.381 9.895 8.592 11.649
10.4% 51.1%
9:00 H 0.869 5.053 2.811 3.811
9:30 M 8.310 9.896 8.611 11.675
10.6% 52.2%
10:00 H 0.885 5.161 2.906 3.940
11: M .32 R .54 11.591
00 8.325 11.1% 9.895 51.9% 8.549 59
12:00 H 0.923 5.131 2.767 3.751
13:00 M 8.104 9.896 8.619 11.686
10.9% 50.9%
14:00 H 0.882 5.035 2.681 3.635
15: X E 221 11.1
5:00 M 8.044 11.4% 9.895 48.9% 8 46
16:00 H 0.918 4.838 2.586 3.506
17:00 M 7.740 9.895 8.270 11.212
12.1% 53.2%
18:00 H 0.938 5.266 2.509 3.402
19:00 M 7.966 11.1% 9.896 51.4% 8.559 11.604
20:00 H 0.883 5.088 2.583 3.502
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 1.216 Hmax Amplitude (mV): 4.994
Hmax Torque (Nm) 3.230| 4.379234|Hmax Torque (Nm) 4.379234
Mmax Stim Intensity (mA): 100 Mmax Stim Intensity (mA): 100
Mmax Amlitude (mV): 8.844 Mmax Amlitude (mV): 9.893
Mmax Torque (Nm) 8.688| 11.77919| Mmax Torque (Nm) 11.77919
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 8 Hmax Stim Intensity (mA): 8
Hmax Amplitude (mV): 1.012 Hmax Amplitude (mV): 4.347
Hmax Torque (Nm) 2.793| 3.786749|Hmax Torque (Nm) 3.786749
Gastroc H/M 11.4% Soleus H/M 43.9%

118




Subject 7 Session 1 Treatment order: 60 s rest, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.874 9.895 13.169 17.855
6.9% 17.5%
0:20 H 0.685 1.731 3.220 4.366
0:30 M 9.844 9.895 13.552 18.374
8.5% 21.0%
0:40 H 0.835 2.077 3.738 5.068
0:50 M 9.832 8.9% 9.896 24.3% 12.581 17.057
1:00 H 0.876 = 2.404 = 4.097 5.555
1:30 M 9.842 9.895 12.554 17.021
11.1% 37.2%
2:00 H 1.089 3.676 9.418 12.769
2:30 M 9.499 12.2% 9.894 35.2% 11.884 16.112
3:00 H 1.155 o 3.483 o 4.521 6.130
3:30 M 9.732 9.894 11.788 15.982
9.4% 28.5%
4:00 H 0.914 2.818 6.861 9.302
4:30 M 9.679 9.895 11.888 16.118
9.1% 26.1%
5:00 H 0.879 2.578 4.495 6.094
5:30 M 9.656 9.6% 9.895 20.7% 12.136 16.454
6:00 H 0.928 o7 2.939 P 4.366 5.919
6:30 M 9.677 9.894 12.018 16.294
.69 25.39
7:00 H 0.829 8.6% 2.508 >3% 4.324 5.862
7:30 M 9.565 9.895 12.038 16.321
9.7% 24.6%
8:00 H 0.925 2.435 4.203 5.698
8:30 M 9.614 9.894 12.751 17.288
8.3% 22.2%
9:00 H 0.798 2.196 4.212 5.711
9:30 M 9.430 9.894 12.563 17.033
11.7% 29.9%
10:00 H 1.106 2.956 4.522 6.131
11: M 4! X 11.2 15.257
00 9.450 9.1% 9.895 26.7% 53 5.25
12:00 H 0.856 2.641 3.882 5.263
13:00 M 9.238 9.894 11.563 15.677
8.8% 22.2%
14:00 H 0.815 2.195 3.669 4.974
15:00 M 9.254 9.895 11.802 16.001
9.1% 27.7%
16:00 H 0.846 2.737 4.270 5.789
17:00 M 9.390 7 4% 9.895 16.9% 11.715 15.883
18:00 H 0.697 o 1.669 o 3.851 5.221
19:00 M 9.689 11.8% 9.894 32.1% 11.842 16.055
20:00 H 1.140 3.180 3.860 5.233
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 8 Hmax Stim Intensity (mA): 8
Hmax Amplitude (mV): 1.229 Hmax Amplitude (mV): 2.830
Hmax Torque (Nm) 6.653 9.020|Hmax Torque (Nm) 9.020137
Mmax Stim Intensity (mA): 100 Mmax Stim Intensity (mA): 100
Mmax Amplitude (mV): 9.818 Mmax Amplitude (mV): 9.893
Mmax Torque (Nm) 11.453 15.528/ Mmax Torque (Nm) 15.52798
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 6 Hmax Stim Intensity (mA): 6
Hmax Amplitude (mV): 1.367 Hmax Amplitude (mV): 3.753
Hmax Torque (Nm) 6.569 8.906/Hmax Torque (Nm) 8.90625
Gastroc H/M 13.9% Soleus H/M 37.9%
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Subject 7 Session 2 Treatment order: SMT, no MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.387 4.168 12.007 16.279
13.0% 63.3%
0:20 H 1.221 2.638 4,572 6.199
0:30 3 8.843 3.851 9.904 13.428
13.1% 61.6%
0:40 H 1.158 2.372 4,758 6.451
0:50 M 8.503 13.2% 3.846 60.9% 10.099 13.692
1:00 H 1.123 o 2.342 = 4.649 6.303
1:30 M 9.895 12.3% 3.711 70.6% 11.283 15.297
2:00 H 1.221 2.621 5.026 6.814
2:30 M 8.057 15.2% 3.207 83.6% 12.289 16.661
3:00 H 1.221 o 2.681 e 5.939 8.052
3:30 M 9.894 3.146 11.080 15.022
12.6% 86.6%
4:00 H 1.251 2.724 5.463 7.407
4:30 M 9.895 12.1% 3.278 77.5% 11.598 15.725
5:00 H 1.199 2.541 6.331 8.584
5:30 M 9.894 3.129 11.243 15.243
10.1% 71.2%
6:00 H 0.997 2.229 4934 6.690
6:30 M 9.895 4.326 11.778 15.969
12.1% 63.3%
7:00 H 1.194 2.737 5.402 7.324
7:30 M 9.895 12.1% 3.474 85.2% 11.210 15.199
8:00 H 1.201 2.961 4.392 5.955
8:30 M 9.894 9.3% 4.259 65.1% 10.400 14.100
9:00 H 0.921 2.774 4121 5.587
: M 5 4, 10.034 13.604
9:30 9.895 12.4% 588 75.2% 0.03 3.60
10:00 H 1.228 3.449 3.511 4.760
11:00 M 9.872 5.132 10.295 13.958
14.0% 66.7%
12:00 H 1.384 3.424 4.383 5.942
13:00 M 9.894 4.417 11.693 15.853
12.8% 71.3%
14:00 H 1.270 3.148 4.815 6.528
15:00 M 9.896 4.413 10.074 13.658
13.0% 68.7%
16:00 H 1.287 3.033 4.646 6.299
17:00 M 9.895 4.305 10.560 14.317
11.8% 73.5%
18:00 H 1.164 3.164 5.159 6.995
19:00 M 9.894 13.1% 4114 66.5% 9.893 13.413
20:00 H 1.301 2.735 5.186 7.031
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 8 Hmax Stim Intensity (mA): 8
Hmax Amplitude (mV): 1.031 Hmax Amplitude (mV): 1.555
Hmax Torque (Nm) 5.808 7.874|Hmax Torque (Nm) 7.874486
Mmax Stim Intensity (mA): 90 Mmax Stim Intensity (mA): 90
Mmax Amlitude (mV): 8.130 Mmax Amlitude (mV): 3.114
Mmax Torque (Nm) 8.360 11.334|Mmax Torque (Nm) 11.33449
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 6 Hmax Stim Intensity (mA): 6
Hmax Amplitude (mV): 1.159 Hmax Amplitude (mV): 2.387
Hmax Torque (Nm) 3.323 4.505|Hmax Torque (Nm) 4.505323
Gastroc H/M 14.30% Soleus H/M 76.70%
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Subject 7 Session 3 Treatment order: SMT, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.129 6.1% 9.896 11.9% 15.827 21.458
0:20 H 0.557 1.180 6.295 8.535
0:30 M 9.503 9.895 11.941 16.190
0, 0,
0:40 H 0.553 >8% 1.232 12.5% 6.612 8.965
0:50 M 9.479 6.7% 9.895 13.1% 11.670 15.822
1:00 H 0.636 o 1.29 7 7.068 9.583
1:30 M 9.575 9.895 11.758 15.941
6.3% 13.5%
2:00 H 0.608 1.337 7.750 10.507
2:30 M 9.525 9.896 12.357 16.754
7.3% 16.3%
3:00 H 0.693 1.614 6.865 9.308
3:30 M 9.428 9.895 12.552 17.018
6.6% 13.7%
4:00 H 0.622 1.353 7.735 10.487
4:30 M 9.421 9.896 12.038 16.321
6.9% 14.0%
5:00 H 0.654 1.386 7.236 9.811
5:30 M 9.566 9.896 12.995 17.619
6.3% 14.1%
6:00 H 0.598 1.397 7.687 10.422
6:30 M 9.416 9.895 12.418 16.836
() 0,
7:00 H 0.671 7:1% 1.513 15.3% 7.384 10.011
7:30 M 9.480 9.895 12.881 17.464
6.3% 14.2%
8:00 H 0.597 ’ 1.408 ° 7.668 10.396
8:30 M 9.586 6.5% 9.896 13.9% 11.711 15.878
9:00 H 0.627 =7 1.379 o 7.581 10.278
9:30 M 9.591 9.895 11.935 16.181
6.5% 13.2%
10:00 H 0.621 1.305 8.405 11.395
11:00 M 9.415 9.895 12.681 17.193
6.5% 15.2%
12:00 H 0.608 1.500 7.731 10.482
13:00 M 9.348 9.895 12.822 17.384
6.6% 18.0%
14:00 H 0.621 1.785 4.909 6.656
15: X X 11.7 15.914
5:00 M 9.603 7.9% 9.896 18.7% 38 5.9
16:00 H 0.755 1.847 7.277 9.866
17:00 M 9.421 9.896 11.431 15.498
.59 20.29
18:00 H 0.706 7:5% 1.999 0.2% 6.994 9.482
19:00 M 9.556 7.5% 9.896 19.3% 11.949 16.200
20:00 H 0.719 1.914 7.118 9.651
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.663 Hmax Amplitude (mV): 1.754
Hmax Torque (Nm) 6.512 8.829|Hmax Torque (Nm) 8.82897
Mmax Stim Intensity (mA): 100 Mmax Stim Intensity (mA): 100
Mmax Amlitude (mV): 9.473 Mmax Amlitude (mV): 7.795
Mmax Torque (Nm) 9.818|  13.311|Mmax Torque (Nm) 13.31124
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.842 Hmax Amplitude (mV): 2.181
Hmax Torque (Nm) 5.988 8.119|Hmax Torque (Nm) 8.11853
Gastroc H/M 8.9% Soleus H/M 28.0%
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Subject 8 Session 1 Treatment order: 60 s rest, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.205 14.0% 9.894 26.4% 10.931 14.820
0:20 H 1.288 2.610 6.251 8.475

: .301 E 11. 15.
0:30 M 9.30 10.7% 9.896 21.0% 577 5.696
0:40 H 0.993 2.078 7.154 9.699
0:50 M 9.720 9.895 14.063 19.067

11.0% 21.4%
1:00 H 1.074 2.113 7.225 9.796
1:30 M 9.346 11.1% 9.895 225% 14.257 19.330
2:00 H 1.036 2.225 8.463 11.474
2: M 411 .894 13.814 18.72

30 2 10.5% 9.85 23.5% 38 8.729
3:00 H 0.990 2.326 8.261 11.200
3:30 M 9.342 12.4% 9.895 23.9% 12.657 17.160
4:00 H 1.158 2.368 7.829 10.615
4: M § .894 12.271 16.637

30 9.399 12.6% 9.89 26.6% 6.63
5:00 H 1.187 2.630 7.224 9.794
5:30 M 9.167 13.4% 9.895 28.7% 11.320 15.348
6:00 H 1.230 2.839 6.369 8.635
6:30 M 9.196 9.895 10.217 13.852

12.7% 32.1%
7:00 H 1.170 3.176 6.723 9.115
7:30 M 9.789 9.2% 9.895 33.7% 11.631 15.769
8:00 H 0.896 3.335 7.427 10.070

: M .894 .894 10.074 13.
8:30 9.89. 11.1% 9.89. 23.3% 0.0 3.658
9:00 H 1.099 2.304 7.314 9.916
9:30 M 9.639 9.895 10.771 14.603

12.0% 24.5%
10:00 H 1.160 2.425 6.076 8.238
11:00 M 9.186 9.895 10.273 13.928
12.3% 26.3%
12:00 H 1.132 2.605 5.838 7.915
13:00 M 8.392 9.895 9.682 13.127
12.0% 35.9%
14:00 H 1.005 3.555 5.080 6.887
15:00 M 7.513 15.49 9.895 38.3% 8.810 11.945
16:00 H 1.159 e 3.793 o 4.619 6.262
17:00 M 7.740 9.895 8.142 11.039
18.7% 43.8%
18:00 H 1.445 i 4331 ° 4.074 5.524
19:00 M 7.702 19.6% 9.895 44.7% 7.682 10.415
20:00 H 1.513 4.421 4.018 5.448

Gastroc Soleus

Recruitment Curve Recruitment Curve

Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14

Hmax Amplitude (mV): 1.841 Hmax Amplitude (mV): 2.145

Hmax Torque (Nm) 5.658| 7.671116| Hmax Torque (Nm) 7.671116

Mmax Stim Intensity (mA): 80 Mmax Stim Intensity (mA): 80

Mmax Amplitude (mV): 9.893 Mmax Amplitude (mV): 9.894

Mmax Torque (Nm) 8.554| 11.59751| Mmax Torque (Nm) 11.59751

Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 18 Hmax Stim Intensity (mA): 18

Hmax Amplitude (mV): 1.154 Hmax Amplitude (mV): 2.292

Hmax Torque (Nm) 6.901| 9.356376] Hmax Torque (Nm) 9.356376

Gastroc H/M 11.7% Soleus H/M 23.2%

122




Subject 8 Session 2 Treatment order: SMT, no MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 8.012 6.3% 6.382 61.7% 12.631 17.125
0:20 H 0.507 = 3.938 e 6.744 9.144
0:30 M 7.931 5 0% 5.757 e.8% 12.600 17.083
0:40 H 0.470 = 3.732 e 6.703 9.088
0:50 M 7.870 6.4% 5.551 69.6% 12.489 16.933
1:00 H 0.501 e 3.861 e 6.271 8.502
1:30 M 7.950 10.1% 6.091 e.8% 12.663 17.168
2:00 H 1.120 = 3.947 o 7.015 9.511
2:30 M 8.364 5.851 12.503 16.952

14.4% 71.3%
3:00 H 1.208 4.173 7.136 9.675
3:30 M 8.536 16.0% 6.577 €0.0% 12.183 16.518
4:00 H 1.368 - 3.945 - 7.187 9.744
4:30 M 8.353 6.731 12.148 16.470
15.7% 59.9%
5:00 H 1.309 4.033 7.499 10.167
5:30 M 8.313 e 6.621 59.09 12.077 16.374
6:00 H 0.961 o 3.907 7 6.738 9.135
6:30 M 8.295 15.5% 6.311 66.5% 12.369 16.770
7:00 H 1.284 =7 4.194 7 7.282 9.873
7:30 M 8.352 16.5% 7.208 55.4% 12.399 16.811
8:00 H 1.382 =7 3.995 i 7.245 9.823
8:30 M 8.374 10,69 9.894 10.9% 12.269 16.634
9:00 H 0.888 o7 4.049 o 6.612 8.965
9:30 M 8.151 14.3% 9.804 29.9% 12.417 16.835
10:00 H 1.162 = 3.948 = 6.854 9.293
11:00 M 8.422 9.894 12.088 16.389
15.0% 39.4%
12:00 H 1.260 3.897 6.675 9.050
13:00 M 8.840 s 7% 9.804 26.7% 11.417 15.479
14:00 H 0.501 o 3.627 P 6.460 8.758
15:00 M 8.409 16.3% 9.804 43,29 12.850 17.422
16:00 H 1.374 = 4.275 e 7.186 9.743
17:00 M 8.202 9,894 12.795 17.347
17.4% 43.4%
18:00 H 1.425 4291 6.750 9.152
19:00 M 8.151 10.0% 9.895 2.6% 11.648 15.792
20:00 H 1.143 4215 6.759 9.164

Gastroc Soleus

Recruitment Curve Recruitment Curve

Hmax Stim Intensity (mA): 18 Hmax Stim Intensity (mA): 18

Hmax Amplitude (mV): 1.341 Hmax Amplitude (mV): 1.562

Hmax Torque (Nm) 8.678( 11.76563 Hmax Torque (Nm) 11.76563

Mmax Stim Intensity (mA): 75 Mmax Stim Intensity (mA): 75

Mmax Amlitude (mV): 8.730 Mmax Amplitude (mV): 4.097

Mmax Torque (Nm) 11.028| 14.95176| Mmax Torque (Nm) 14.95176

Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14

Hmax Amplitude (mV): 0.604 Hmax Amplitude (mV): 1.563

Hmax Torque (Nm) 5.725| 7.761955| Hmax Torque (Nm) 7.761955

Gastroc H/M 6.9% Soleus H/M 38.1%
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Subject 8 Session 3 Treatment order: SMT, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M [ Soleus (mV) [ Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 4.6% 9.895 35.4% 14.334 19.434
0:20 H 0.452 7 3.502 P 11.104 15.055
0:30 M 9.896 4.9% 9.894 36.7% 18.223 24.707
0:40 H 0.483 3.629 12.339 16.729
0:50 M 9.894 9.894 18.276 24.779
5.5% 37.7%
1:00 H 0.541 3.726 11.882 16.110
1:30 M 9.894 6.1% 9.895 40,99 17.813 24,151
2:00 H 0.599 7 4.045 o 11.805 16.005
2:30 M 7.691 7 6% 9.895 32.4% 16.682 22.617
3:00 H 0.582 3.206 9.002 12.205
3:30 M 7.717 9.895 17.438 23.642
5.4% 39.4%
4:00 H 0.413 3.898 11.261 15.268
4:30 M 7.573 7 69 9.894 39.79 16.392 22.224
5:00 H 0.572 o 3.932 P 10.399 14.099
5:30 M 7.856 9.895 16.507 22.380
8.0% 40.2%
6:00 H 0.628 3.976 10.398 14.098
6:30 M 7.520 9.896 16.176 21.931
.69 49
7:00 H 0.649 8.6% 3.896 39.4% 10.218 13.854
7:30 M 8.521 9.895 15.756 21.362
6.2% 41.2%
8:00 H 0.525 4.078 9.822 13.317
8:30 M 7.731 3.8% 9.894 39.6% 15.418 20.904
9:00 H 0.680 = 3.919 7 9.844 13.346
: X . 13.831 18.752
9:30 M 8.409 6.9% 9.895 41.8% 3.83 8.75
10:00 H 0.583 4.135 9.800 13.287
11:00 M 7.621 9.895 14.219 19.278
10.0% 40.1%
12:00 H 0.764 3.963 8.969 12.160
13:00 M 9.895 9.894 13.472 18.265
6.6% 40.7%
14:00 H 0.656 4.022 8.620 11.687
15:00 M 9.895 6.89 9.894 39.19 12.912 17.506
16:00 H 0.670 = 3.866 o 8.337 11.303
17: X . 16.1 21.
7:00 M 9.894 7.4% 9.894 37.3% 6.158 907
18:00 H 0.736 3.688 8.851 12.000
19:00 M 9.894 4.0% 9.894 32.5% 15.277 20.713
20:00 H 0.398 3.219 10.924 14.811
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 16 Hmax Stim Intensity (mA): 16
Hmax Amplitude (mV): 0.594 Hmax Amplitude (mV): 3.977
Hmax Torque (Nm) 6.338| 8.59306|Hmax Torque (Nm) 8.59306
Mmax Stim Intensity (mA): 95 Mmax Stim Intensity (mA): 95
Mmax Amlitude (mV): 9.893 Mmax Amplitude (mV): 9.894
Mmax Torque (Nm) 14.429( 19.56284|Mmax Torque (Nm) 19.56284
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 20 Hmax Stim Intensity (mA): 20
Hmax Amplitude (mV): 0.609 Hmax Amplitude (mV): 3.563
Hmax Torque (Nm) 9.015| 12.22254|Hmax Torque (Nm) 12.22254
Gastroc H/M 6.2% Soleus H/M 36.0%
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Subject 9 Session 1 Control
1st
Time (min)[ H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 ™M 9.894 % 7.571 20.8% 8.192 11.107
0:20 H 0.732 i 3.013 e 1.619 2.195
0:30 ™M 9.893 8.080 7.629 10.343
8.1% 38.7%
0:40 H 0.798 3.129 1.379 1.870
0:50 Y 9,893 8.714 7.562 10.253
6.6% 30.0%
1:00 H 0.649 2.614 1.555 2.108
1:30 ™M 9.894 6 0% 7.459 aa.6% 8.035 10.894
2:00 H 0.787 - 3.330 o7 2.331 3.160
2:30 ™M 9.893 8.383 8.457 11.466
6.6% 28.2%
3:00 H 0.651 2.363 2.032 2.755
3:30 M 9.893 8.345 7.969 10.804
8.0% 34.0%

4:00 H 0.792 2.834 1.881 2.550
: . ) 42 11.42
4:30 Y 9.893 7 8% 8.759 313% 8.425 423
5:00 H 0.770 2.740 1.700 2.305
5:30 ™M 9.893 5 7% 8.420 16.6% 8.081 10.956
6:00 H 0.265 e 1.398 o 1.871 2.537
6:30 ™M 9.893 6.7% 8.234 20.9% 7.571 10.265
7:00 H 0.661 e 2.548 I 1.582 2.145
7:30 M 9,893 4% 8.173 26.5% 6.633 8.993
8:00 H 0.445 2.164 1.266 1.716

: ™M 9.8 7.781 34 ]
8:30 93 S 4% 3 28.6% 6.345 8.603
9:00 H 0.736 3.006 2.570 3.484
9:30 ™M 9.893 8.223 9.444 12.804

3.6% 18.8%
10:00 H 0.352 1.548 1.742 2.362
11:00 M 9.893 5 g% 8.062 20.6% 8.344 11.313
12:00 H 0.577 e 2.470 o 1.748 2.370
13:00 ™M 9.893 8.543 7.502 10.171
6.2% 27.5%
14:00 H 0.613 2.352 2.281 3.093
15: M 894 7.24 ] 11.2

5:00 9,89 8.5% 8 15.6% 8.305 60
16:00 H 0.837 3.307 2.374 3.219
17:00 Y 9.895 10.0% 7.574 50.5% 7.924 10.743
18:00 H 0.991 = 3.827 7 2.306 3.126
19:00 ™M 9.895 5 19 8.273 27 5% 8.079 10.954
20:00 H 0.508 2.276 1.532 2.077
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2nd

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.893 8.287 7.225 9.796
10.4% 48.7%
0:20 H 1.024 4.039 2.017 2.735
0:30 M 9.894 12.0% 7.990 52.8% 7.429 10.072
0:40 H 1.184 4,218 2.024 2.744
0:50 M 9.894 7.527 7.211 9.777
0, 0,
1:00 H 0.893 9.0% 3.428 45.5% 1.842 2.497
1:30 M 9.896 10.0% 8.359 45.7% 7.006 9.499
2:00 H 0.985 3.821 1.827 2.477
2:30 M 9.894 11.3% 7.765 52.9% 6.798 9.217
3:00 H 1.117 4.107 1.784 2.419
3:30 M 9.894 8.273 6.706 9.092
0, 0,
4:00 H 0.787 8.0% 2.972 35.9% 1.320 1.790
4:30 M 9.895 9.6% 8.538 41.6% 6.429 8.716
5:00 H 0.953 o 3.550 o 1.387 1.880
5:30 M 9.894 11.3% 8.382 50.0% 6.524 8.845
6:00 H 1.120 4,191 1.517 2.057
6:30 M 9.895 7.555 6.163 8.356
0, 0,
7:00 H 1.007 10.2% 3.955 >2.3% 1.263 1.712
7:30 M 9.895 9.1% 8.450 39 6% 5.480 7.430
8:00 H 0.904 P 3.350 o 1.160 1.573
8:30 M 9.896 . . .
10.2% 8.515 42.0% 5.984 8.113
9:00 H 1.006 3.574 1.129 1.531
: R . 2 .
9:30 M 9.894 11.2% 8.437 50.1% 5.233 7.095
10:00 H 1.111 4.225 1.033 1.401
11:00 M 9.894 9.7% 8.404 43.6% 4.884 6.622
12:00 H 0.955 o 3.667 o 1.108 1.502
13:00 M 9.896 7.469 6.002 8.138
11.5% 56.4%
14:00 H 1.138 4.212 1.421 1.927
15:00 M 9.894 8.304 5.817 7.887
8.7% 40.2%
16:00 H 0.864 3.341 1.309 1.775
17:00 M 9.893 10.1% 7.211 48.3% 7.572 10.266
18:00 H 1.002 P 3.481 = 1.815 2.461
19:00 M 9.894 9.4% 7.164 49.7% 7.007 9.500
20:00 H 0.928 3.563 1.720 2.332
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 1.212 Hmax Amplitude (mV): 4.309
Hmax Torque (Nm) 2.644| 3.584735|Hmax Torque (Nm) 3.584735
Mmax Stim Intensity (mA): 40 Mmax Stim Intensity (mA): 40
Mmax Amplitude (mV): 9.892 Mmax Amplitude (mV): 7.584
Mmax Torque (Nm) 6.902( 9.357732| Mmax Torque (Nm) 9.357732

Confirm Hmax

Hmax Stim Intensity (mA):

Hmax Amplitude (mV):

Hmax Torque (Nm)
Gastroc H/M

10

0.747

Confirm Hmax
Hmax Stim Intensity (mA): 10

Hmax Amplitude (mV):

2.141( 2.902768| Hmax Torque (Nm)
7.6%

Soleus H/M
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Subject 9 Session 2 Control
1st
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.895 7.637 4.545 6.162
17.2% 58.9%
0:20 H 1.704 4.497 1.325 1.796
0:30 M 9.893 15.5% 7.909 55.1% 4912 6.660
0:40 H 1.533 4.355 1.228 1.665
0:50 M 9.894 19.3% 7.662 61.5% 4.996 6.774
1:00 H 1.906 4.713 1.592 2.158
1:30 M 9.895 13.3% 7.590 54.7% 5.324 7.218
2:00 H 1.317 4.151 1.246 1.689
2:30 M 9.894 7.660 4.721 6.401
0, 0,
3:00 H 1.720 17.4% 4.542 59.3% 1.122 1.521
3:30 M 9.894 7.585 4.622 6.267
0, 0,
4:00 H 1.290 13.0% 4.054 53.4% 1.281 1.737
4:30 M 9.894 7.659 4.567 6.192
18.6% 45.5%
5:00 H 1.842 3.482 1.588 2.153
5:30 M 9.893 7.887 4.847 6.572
21.3% 63.9%
6:00 H 2.107 5.043 1.226 1.662
6:30 M 9.894 20.9% 7.811 66.1% 4.620 6.264
7:00 H 2.064 5.162 1.217 1.650
7:30 M 9.893 19.9% 7.765 63.5% 4.566 6.191
8:00 H 1.970 4,927 1.114 1.510
8:30 M 9.896 20.5% 7.583 65.6% 4.466 6.055
9:00 H 2.030 4.972 1.157 1.569
9:30 M 9.895 21.0% 7.773 63.8% 4,713 6.390
10:00 H 2.082 4,958 1.109 1.504
11:00 M 9.895 7.685 4,553 6.173
0, 0,
12:00 H 1.137 11.5% 4.105 23.4% 0.981 1.330
13:00 M 9.894 7.650 4.639 6.290
10.4% 45.9%
14:00 H 1.025 3.513 0.952 1.291
15:00 M 9.894 7.892 4.579 6.208
11.0% 47.9%
16:00 H 1.090 3.783 1.049 1.422
17:00 M 9.896 18.9% 7.746 60.89 4.556 6.177
18:00 H 1.871 o 4.713 = 1.108 1.502
19:00 M 9.893 18.5% 7.921 50.5% 4.626 6.272
20:00 H 1.831 4.001 4.282 5.806
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2nd

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
21 M X 7.872 A4 7.
0:10 9.896 15.9% 8 55.9% 5.450 389
0:20 H 1.575 4.404 1.989 2.697
0:30 M 9.894 7.536 5.785 7.843
10.1% 49.6%
0:40 H 1.001 3.737 1.718 2.329
0:50 M 9.893 7.938 5.630 7.633
0, 0,
1:00 H 1.156 11.7% 4.025 S0.7% 1.632 2.213
1:30 M 9.898 7.895 5.866 7.953
0, 0,
2:00 H 1.757 17.8% 4.574 >7.9% 1.541 2.089
2:30 M 9.895 7.423 5.457 7.399
0, 0,
3:00 H 1.184 12.0% 3.832 >1.6% 1.515 2.054
3:30 M 9.895 7.611 5.617 7.616
0, 0,
4:00 H 1.139 11.5% 3.822 50.2% 1.763 2.390
4:30 M 9.894 22.2% 7.988 60.5% 5.580 7.565
5:00 H 2.192 4.833 1.928 2.614
5:30 M 9.895 8.144 6.686 9.065
13.5% 47.1%
6:00 H 1.338 3.833 1.899 2.575
6:30 M 9.895 9.1% 8.028 36.9% 6.611 8.963
7:00 H 0.904 o 2.963 o 1.741 2.360
7:30 M 9.896 10.0% 7.837 38.2% 5.943 8.058
8:00 H 0.987 2.990 1.876 2.543
8:30 M 9.894 19.2% 7.902 56.3% 6.052 8.205
9:00 H 1.903 4.447 2.014 2.731
9:30 M 9.894 11.7% 7.680 52.6% 5.932 8.043
10:00 H 1.154 4.037 1.765 2.393
11:00 M 9.895 7.641 6.065 8.223
14.3% 55.8%
12:00 H 1.416 4.265 1.874 2.541
13:00 M 9.893 7.402 7.102 9.629
12.4% 49.8%
14:00 H 1.231 3.687 2.114 2.866
15:00 M 9.898 7.326 6.597 8.944
14.5% 58.1%
16:00 H 1.435 4.255 2.187 2.965
17:00 M 9.893 7.928 6.147 8.334
11.4% 47.5%
18:00 H 1.129 3.764 2.261 3.065
19:00 M 9.895 16.8% 7.296 55.8% 7.081 9.600
20:00 H 1.667 4.074 2.419 3.280
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 1.213 Hmax Amplitude (mV): 3.475
Hmax Torque (Nm) 3.192| 4.327714|Hmax Torque (Nm) 4.327714
Mmax Stim Intensity (mA): 30 Mmax Stim Intensity (mA): 30
Mmax Amlitude (mV): 9.892 Mmax Amplitude (mV): 6.589
Mmax Torque (Nm) 6.689| 9.068946|Mmax Torque (Nm) 9.068946

Confirm Hmax

Hmax Stim Intensity (mA):

Hmax Amplitude (mV):

Hmax Torque (Nm)
Gastroc H/M

12

1.286

Confirm Hmax
Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV):

1.763| 2.390275|Hmax Torque (Nm)

13.0%

Soleus H/M

128

3.598
2.390275
54.6%




Subject 10 Session 1 Treatment order: 60 s rest, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.896 7.504 10.327 14.001
11.5% 34.2%
0:20 H 1.139 2.567 6.763 9.169
0:30 M 9.894 13.4% 7.709 32.2% 10.215 13.849
0:40 H 1.330 T 2.480 o 6.668 9.040
0:50 M 9.894 7.810 10.154 13.767
14.8% 33.0%
1:00 H 1.465 2.577 7.125 9.660
1:30 M 9.893 7.421 10.120 13.721
14.8% 34.2%
2:00 H 1.465 2.539 7.529 10.208
2: M .894 7.2 10. 14.04
30 9.89 14.6% 40 36.3% 0.360 046
3:00 H 1.448 2.630 7.279 9.869
: § .947 § 13.502
3:30 M 9.893 14.3% 6.9 36.3% 9.959 3.50
4:00 H 1.412 2.523 7.097 9.622
4:30 M 9.893 15.7% 7.201 35.6% 10.073 13.657
5:00 H 1.558 o 2.565 o 7.677 10.408
5:30 M 9.894 7.000 10.042 13.615
15.8% 36.6%
6:00 H 1.560 2.564 7.693 10.430
6:30 M 9.894 7.187 10.054 13.631
15.5% 35.8%
7:00 H 1.531 2.574 7.427 10.070
7: M X 7.11 10.061 13.641
30 9.895 15.1% 5 34.4% 0.06 3.6
8:00 H 1.493 2.446 6.969 9.449
: B 11 § 13.
8:30 M 9.893 15.7% 7.114 35.4% 9.993 3.549
9:00 H 1.554 2.521 6.604 8.954
9:30 M 9.896 14.0% 8.108 30.7% 9.933 13.467
10:00 H 1.383 2.486 6.583 8.925
11:00 M 9.893 8.761 9.861 13.370
14.3% 29.4%
12:00 H 1.414 2.574 6.603 8.952
13: M .894 .811 . 13.44
3:00 9.89 14.6% 8.8 20.6% 9.889 3.408
14:00 H 1.448 2.610 6.427 8.714
15: M X 7.921 .627 13.052
5:00 9.895 15.2% 9 31.6% 9.6 3.05
16:00 H 1.500 2.504 6.982 9.466
17:00 M 9.894 14.2% 9.842 27.4% 9.503 12.884
18:00 H 1.401 2.697 6.462 8.761
19:00 M 9.893 14.9% 9.893 26.9% 9.591 13.003
20:00 H 1.470 2.660 6.572 8.910
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 8 Hmax Stim Intensity (mA): 8
Hmax Amplitude (mV): 1.449 Hmax Amplitude (mV): 2.615
Hmax Torque (Nm) 8.866( 12.02052|Hmax Torque (Nm) 12.02052
Mmax Stim Intensity (mA): 50 Mmax Stim Intensity (mA): 50
Mmax Amplitude (mV): 9.892 Mmax Amplitude (mV): 7.861
Mmax Torque (Nm) 10.578| 14.34165|Mmax Torque (Nm) 14.34165
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 8 Hmax Stim Intensity (mA): 8
Hmax Amplitude (mV): 1.323 Hmax Amplitude (mV): 2.718
Hmax Torque (Nm) 8.951( 12.13577|Hmax Torque (Nm) 12.13577
Gastroc H/M 13.4% Soleus H/M 34.6%
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Subject 10 Session 2 Treatment order: SMT, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 8.446 9.896 12.856 17.430
11.0% 9.1%
0:20 H 0.932 0.897 10.814 14.662
: 3 R 12. 17.41
0:30 M 8.440 12.3% 9.895 13.2% 844 7.414
0:40 H 1.035 1.303 10.838 14.694
0:50 M 8.638 12.4% 9.894 12.0% 12.745 17.280
1:00 H 1.072 P 1.188 P 10.848 14.708
1:30 M 8.714 9.895 12.624 17.116
14.5% 17.9%
2:00 H 1.267 1.770 10.439 14.153
2: X E 12.4 16.
30 M 8.333 15.5% 9.896 17.2% 69 6.905
3:00 H 1.288 1.704 10.265 13.917
3:30 M 8.315 16.2% 9.895 17.9% 12.560 17.029
4:00 H 1.344 o 1771 o 9.994 13.550
4:30 M 8.194 9.896 12.017 16.293
15.3% 15.9%
5:00 H 1.253 1.570 10.045 13.619
: M .451 R 11.74 15.92
5:30 8.45 15.0% 9.896 17.2% 9 5.929
6:00 H 1.266 1.700 9.727 13.188
6:30 M 8.505 9.894 11.595 15.721
14.1% 16.4%
7:00 H 1.197 1.618 9.908 13.433
7:30 M 8.321 10.1% 9.895 9.3% 11.493 15.582
8:00 H 0.839 P 0.921 = 10.272 13.927
8:30 M 8.310 9.895 11.653 15.799
11.2% 8.9%
9:00 H 0.933 0.884 10.354 14.038
9:30 M 8.274 9.894 11.453 15.528
10.9% 10.2%
10:00 H 0.898 1.006 10.029 13.597
11:00 M 8.053 9.896 11.297 15.316
15.4% 16.6%
12:00 H 1.238 1.639 9.403 12.749
13:00 M 8.162 9.895 11.095 15.043
14.9% 15.8%
14:00 H 1.218 1.561 9.300 12.609
15:00 M 8.634 9.895 11.124 15.082
14.1% 16.9%
16:00 H 1.215 1.675 9.257 12.551
17:00 M 8.552 15.7% 9.895 18.0% 10.915 14.799
18:00 H 1.343 P 1.778 P 8.746 11.858
19:00 M 8.527 15.2% 9.895 20.3% 10.629 14.411
20:00 H 1.295 2.009 7.637 10.354
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 1.457 Hmax Amplitude (mV): 1.805
Hmax Torque (Nm) 8.650( 11.72767|Hmax Torque (Nm) 11.72767
Mmax Stim Intensity (mA): 80 Mmax Stim Intensity (mA): 80
Mmax Amlitude (mV): 7.738 Mmax Amplitude (mV): 7.980
Mmax Torque (Nm) 10.495| 14.22912| Mmax Torque (Nm) 14.22912
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 1.170 Hmax Amplitude (mV): 1.830
Hmax Torque (Nm) 8.659] 11.73987|Hmax Torque (Nm) 11.73987
Gastroc H/M 15.1% Soleus H/M 22.9%
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Subject 10 Session 3 Treatment order: SMT, no MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 8.381 9.893 9.783 13.264
5.1% 6.6%
0:20 H 0.427 0.652 8.453 11.461
0:30 M 9.262 9.895 10.411 14.115
4.2% 5.4%
0:40 H 0.385 0.539 8.409 11.401
0:50 M 9.896 4.7% 9.898 5.7% 10.369 14.058
1:00 H 0.467 e 0.565 e 8.493 11.515
1:30 M 9.893 4.0% 9.894 6.7% 10.478 14.206
2:00 H 0.435 e 0.662 e 8.422 11.419
2:30 M 9.893 5.5% 9.893 6.8% 10.407 14.110
3:00 H 0.542 =7 0.675 e 8.433 11.433
3:30 M 9.895 9.894 10.349 14.031
6.0% 7.2%
4:.00 H 0.592 0.712 8.261 11.200
4:30 M 9.895 9.895 10.030 13.599
6.3% 7.1%
5:00 H 0.620 0.698 8.495 11.518
: M .894 9.894 10.284 13.94
5:30 9.8 6.3% 89 79% 0.28. 3.943
6:00 H 0.627 0.716 8.402 11.391
6:30 M 9.893 9.894 10.248 13.894
5.4% 7.1%
7:00 H 0.532 0.704 8.232 11.161
7:30 M 9.893 9.894 10.259 13.909
5.5% 6.2%
8:00 H 0.545 0.618 8.236 11.166
8:30 M 9.893 6.0% 9.894 8.0% 10.263 13.915
9:00 H 0.631 e 0.793 7 7.839 10.628
9:30 M 9.895 5.9% 9.895 7.9% 9.903 13.426
10:00 H 0.587 o 0.778 o 8.112 10.998
11:00 M 9.893 6.8% 9.894 3.8% 9.953 13.494
12:00 H 0.676 o0 0.866 = 8.029 10.886
13:00 M 9.895 9.895 9.710 13.165
6.7% 9.0%
14:00 H 0.664 0.890 7.983 10.823
15:00 M 7.954 7.0% 9.895 9.6% 9.921 13.451
16:00 H 0.631 0.946 7.855 10.650
17:00 M 8.680 9.895 9.796 13.281
7.4% 8.1%
18:00 H 0.641 0.804 7.670 10.399
19:00 M 7.636 9.3% 9.895 8.1% 9.881 13.397
20:00 H 0.712 0.805 7.554 10.242
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 1.057 Hmax Amplitude (mV): 1.291
Hmax Torque (Nm) 7.215[ 9.782097| Hmax Torque (Nm) 9.782097
Mmax Stim Intensity (mA): 80 Mmax Stim Intensity (mA): 80
Mmax Amlitude (mV): 9.892 Mmax Amplitude (mV): 9.893
Mmax Torque (Nm) 9.742| 13.2082| Mmax Torque (Nm) 13.2082
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.944 Hmax Amplitude (mV): 1.350
Hmax Torque (Nm) 6.885| 9.334683| Hmax Torque (Nm) 9.334683
Gastroc H/M 9.5% Soleus H/M 13.6%
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Subject 11 Session 1 Treatment order: 60's rest, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 6.607 7.230 9.802
2.5% 25.0%
0:20 H 0.245 1.652 5.175 7.016
0:30 M 9.893 2.5% 7.604 22.0% 7.629 10.343
0:40 H 0.251 1.674 5.470 7.416
0:50 M 9.894 9.735 7.615 10.324
2.6% 19.2%
1:00 H 0.262 1.870 5.759 7.808
1:30 M 9.893 9.895 7.781 10.549
2.7% 19.3%
2:00 H 0.264 1.907 5.890 7.986
2:30 M 9.893 2.8% 9.895 19.4% 7.646 10.366
3:00 H 0.273 1.922 5.873 7.963
3:30 M 9.893 8.578 7.484 10.147
2.8% 23.7%
4:00 H 0.274 2.037 5.787 7.846
4:30 M 9.339 9.894 7.539 10.221
2.7% 18.3%
5:00 H 0.249 1.813 5.630 7.633
5:30 M 9.894 9.894 7.428 10.071
2.8% 19.9%
6:00 H 0.280 1.968 5.953 8.071
6:30 M 9.894 9.896 7.354 9.971
2.6% 19.0%
7:00 H 0.262 1.885 5.623 7.624
7:30 M 8.740 3.0% 9.894 18.4% 7.153 9.698
8:00 H 0.266 P 1.820 e 5.421 7.350
8:30 M 9.893 9.894 7.148 9.691
2.6% 17.2%
9:00 H 0.254 1.701 5.502 7.460
. M .624 .894 7. X
9:30 9.6. 2 8% 9.89: 20.6% 009 9.503
10:00 H 0.269 2.042 5.523 7.488
11: M .71 7.897 7.137 .67
00 9.715 2.6% 89 21.6% 3 9.676
12:00 H 0.248 1.707 5.372 7.283
13:00 M 9.695 5 9% 9.894 20.4% 6.797 9.215
14:00 H 0.280 o 2.017 e 5.150 6.982
15:00 M 9.674 2 8% 9.895 20.5% 6.429 8.716
16:00 H 0.267 2.031 4,782 6.483
17: M .7 R .41 .697
00 9.790 3.1% 9.895 28.9% 6.415 8.69
18:00 H 0.305 2.394 4.850 6.576
19:00 M 9.894 2.7% 9.894 17.8% 6.081 8.245
20:00 H 0.265 1.759 4,391 5.953
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 18 Hmax Stim Intensity (mA): 18
Hmax Amplitude (mV): 0.301 Hmax Amplitude (mV): 2.097
Hmax Torque (Nm) 4.255( 5.768929|Hmax Torque (Nm) 5.768929
Mmax Stim Intensity (mA): 60 Mmax Stim Intensity (mA): 60
Mmax Amplitude (mV): 9.891 Mmax Amplitude (mV): 9.892
Mmax Torque (Nm) 5.194| 7.042025| Mmax Torque (Nm) 7.042025
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 18 Hmax Stim Intensity (mA): 18
Hmax Amplitude (mV): 0.272 Hmax Amplitude (mV): 2177
Hmax Torque (Nm) 5.050] 6.84679Hmax Torque (Nm) 6.84679
Gastroc H/M 2.7% Soleus H/M 22.0%
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Subject 11 Session 2 Treatment order: SMT, no MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M [ Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 9.894 6.317 8.565
2.6% 1.2%
0:20 H 0.261 0.114 3.230 4.379
0:30 M 9.894 9.895 6.768 9.176
2.7% 1.1%
0:40 H 0.267 0.108 3.109 4.215
0:50 M 9.894 9.894 6.863 9.305
2.6% 1.1%
1:00 H 0.257 0.105 3.163 4.288
1:30 M 8.163 9.894 6.833 9.264
3.3% 1.1%
2:00 H 0.268 0.111 3.126 4.238
2:30 M 9.662 9.894 6.836 9.268
2.7% 1.2%
3:00 H 0.259 0.120 3.128 4.241
3:30 M 9.894 9.894 6.925 9.389
2.6% 1.1%
4:00 H 0.258 0.113 3.249 4.405
4:30 M 9.894 9.894 6.939 9.408
2.8% 1.1%
5:00 H 0.278 0.110 3.220 4.366
5:30 M 9.894 9.894 6.992 9.480
2.7% 1.2%
6:00 H 0.271 0.114 3.178 4.309
6:30 M 9.894 9.894 6.879 9.327
2.7% 1.2%
7:00 H 0.272 0.115 3.100 4.203
7:30 M 9.894 9.894 6.722 9.114
2.7% 1.1%
8:00 H 0.264 0.110 3.090 4.189
8:30 M 9.893 9.894 6.845 9.280
2.6% 1.1%
9:00 H 0.261 0.108 3.210 4.352
9:30 M 9.893 9.894 6.734 9.130
2.6% 1.1%
10:00 H 0.259 0.112 3.100 4.203
11:00 M 9.894 9.894 6.771 9.180
2.6% 1.1%
12:00 H 0.258 0.110 3.055 4.142
13:00 M 9.893 9.894 6.865 9.308
2.6% 1.0%
14:00 H 0.257 0.102 3.249 4.405
15:00 M 9.895 9.895 6.813 9.237
2.6% 1.2%
16:00 H 0.255 0.114 3.185 4.318
17:00 M 9.893 9.894 6.859 9.299
2.5% 1.1%
18:00 H 0.252 0.105 3.130 4.244
19:00 M 9.893 2.6% 9.894 1.0% 6.667 9.039
20:00 H 0.254 0.103 3.095 4,196
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 16 Hmax Stim Intensity (mA): 16
Hmax Amplitude (mV): 0.231 Hmax Amplitude (mV): 0.115
Hmax Torque (Nm) 3.136| 4.251789|Hmax Torque (Nm) 4.251789
Mmax Stim Intensity (mA): 60 Mmax Stim Intensity (mA): 60
Mmax Amlitude (mV): 9.891 Mmax Amplitude (mV): 8.388
Mmax Torque (Nm) 6.839| 9.272316|Mmax Torque (Nm) 9.272316
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 16 Hmax Stim Intensity (mA): 16
Hmax Amplitude (mV): 0.196 Hmax Amplitude (mV): 0.116
Hmax Torque (Nm) 3.222| 4.368388|Hmax Torque (Nm) 4.368388
Gastroc H/M 2.0% Soleus H/M 1.4%
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Subject 11 Session 3 Treatment order: SMT, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.893 9.894 7.692 10.429
2.1% 2.3%
0:20 H 0.204 0.232 3.876 5.255
0:30 M 9.894 9.894 8.481 11.499
2.0% 2.1%
0:40 H 0.201 0.209 4.034 5.469
0:50 M 9.893 2.0% 9.894 > 0% 8.613 11.678
1:00 H 0.198 - 0.193 - 4.189 5.679
1:30 M 9.893 9.894 8.577 11.629
2.1% 1.8%
2:00 H 0.208 0.177 4.105 5.566
2: M .894 .894 .637 11.71
30 9.89: 21% 9.89 17% 8.63 0
3:00 H 0.204 0.171 3.977 5.392
3:30 M 9.893 9.894 8.402 11.391
2.1% 1.6%
4:00 H 0.210 0.162 3.894 5.279
: E R .101 10.
4:30 M 9.894 2.1% 9.894 1.5% 8.10 0.983
5:00 H 0.204 0.146 3.892 5.277
5:30 M 9.893 9.894 7.896 10.705
2.1% 1.5%
6:00 H 0.205 0.151 3.797 5.148
6:30 M 9.894 2.2% 9.895 1.5% 7.742 10.497
7:00 H 0.213 o 0.149 =7 3.676 4.984
7:30 M 9.894 2.0% 9.894 1.5% 7.736 10.488
8:00 H 0.198 0.144 3.534 4,791
: M 771 R 7.477 10.137
8:30 9 2.0% 9.895 1.4% 0.13
9:00 H 0.192 0.139 3.467 4,701
9:30 M 9.894 9.894 7.441 10.089
2.0% 1.4%
10:00 H 0.198 0.137 3.494 4,737
11:00 M 9.752 2.0% 9.893 1.4% 7.221 9.790
12:00 H 0.199 0.135 3.387 4,592
13:00 M 9.893 9.895 7.086 9.607
2.0% 1.3%
14:00 H 0.198 0.130 3.272 4.436
15:00 M 9.893 2.2% 9.894 1.2% 6.935 9.402
16:00 H 0.213 o 0.123 o 3.191 4.326
17:00 M 9.894 9.894 6.599 8.947
2.1% 1.2%
18:00 H 0.211 0.119 3.297 4.470
19:00 M 9.893 21% 9.894 1.2% 6.411 8.692
20:00 H 0.207 0.121 3.279 4.446
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.163 Hmax Amplitude (mV): 0.119
Hmax Torque (Nm) 3.850| 5.21983[Hmax Torque (Nm) 5.21983
Mmax Stim Intensity (mA): 60 Mmax Stim Intensity (mA): 60
Mmax Amlitude (mV): 9.892 Mmax Amplitude (mV): 6.647
Mmax Torque (Nm) 7.859|_10.65523| Mmax Torque (Nm) 10.65523
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.174 Hmax Amplitude (mV): 0.116
Hmax Torque (Nm) 3.487| 4.727675| Hmax Torque (Nm) 4.727675
Gastroc H/M 1.8% Soleus H/M 1.7%
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Subject 12 Session 1 Treatment order: 60 s rest, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M [ Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.895 8.4% 4.875 73.6% 6.531 8.855
0:20 H 0.830 i 3.589 e 3.984 5.402
0:30 M 9.894 7.3% 5.675 57.3% 6.046 8.197
0:40 H 0.718 = 3.249 = 4.143 5.617
0:50 M 9.895 5.734 5.621 7.621

00 . 00
1:00 H 0.792 8.0% 3.341 28.3% 4.218 5.719
1:30 M 9.896 8.89 5.785 63.29 5.228 7.088
2:00 H 0.872 0 3.659 o 3.909 5.300
2:30 M 9.895 6.7% 5.979 57.8% 4.740 6.426
3:00 H 0.667 e 3.456 = 4.037 5.473
3:30 M 9.895 7.2% 5.681 65.1% 4.778 6.478
4:00 H 0.715 P 3.7 7 3.794 5.144
4:30 M 9.895 7.5% 6.039 57.8% 4.559 6.181
5:00 H 0.741 7 3.491 o 3.926 5.323
5:30 M 9.895 77% 6.05 56.1% 4.550 6.169
6:00 H 0.762 e 3.392 - 3.763 5.102
6:30 M 9.895 7.9% 6.102 56.9% 4.344 5.890
7:00 H 0.785 o 3.469 = 3.767 5.107
7:30 M 9.895 6.083 4.336 5.879
.69 .79
8:00 H 0.650 6.6% 3.691 60.7% 3.560 4.827
8:30 M 9.895 7.0% 6.026 66.2% 4.203 5.698
9:00 H 0.689 o 3.991 o 3.734 5.063
9:30 M 9.895 7 9% 5.966 50.0% 4.089 5.544
10:00 H 0.786 o 3.519 7 3.556 4.821
11:00 M 9.895 6.29 6.17 53.9% 3.965 5.376
12:00 H 0.612 e 3.324 o 3.338 4.526
13:00 M 9.895 6.4% 6.011 51.3% 3.901 5.289
14:00 H 0.637 i 3.084 = 3.622 4.911
15:00 M 9.896 8.7% 6.198 60.3% 3.706 5.025
16:00 H 0.864 e 3.74 = 3.306 4.482
17.00 M 9.895 6.9% 6.265 51.7% 3.601 4.882
18:00 H 0.686 o 3.239 e 3.359 4.554
19:00 M 9.895 5.0% 6.291 44.9% 3.474 4.710
. (] . 0

20:00 H 0.499 2.826 3.253 4.410

Gastroc Soleus

Recruitment Curve Recruitment Curve

Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12

Hmax Amplitude (mV): 0.788 Hmax Amplitude (mV): 1.890

Hmax Torque (Nm) 4.234 5.740457|Hmax Torque (Nm) 5.740457

Mmax Stim Intensity (mA): 30 Mmax Stim Intensity (mA): 30

Mmax Amplitude (mV): 9.893 Mmax Amplitude (mV): 5.634

Mmax Torque (Nm) 4.393| 5.956029|Mmax Torque (Nm) 5.956029

Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10

Hmax Amplitude (mV): 0.789 Hmax Amplitude (mV): 3.758

Hmax Torque (Nm) 3.268| 4.430754|Hmax Torque (Nm) 4.430754

Gastroc H/M 8.0% Soleus H/M 66.7%
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Subject 12 Session 2 Treatment order: SMT, no MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 7.096 5.631 5.085 6.894
8.9% 46.1%
0:20 H 0.634 2.598 3.664 4,968
0:30 M 7.499 5.708 5.352 7.256
8.7% 54.4%
0:40 H 0.654 3.104 4.641 6.292
0:50 M 8.110 3.9% 5.76 61.2% 5.173 7.014
1:00 H 0.725 o 3.527 o 4.778 6.478
1:30 M 8.853 9.7% 5.748 68.7% 4.910 6.657
2:00 H 0.857 e 3.948 e 4.715 6.393
2:30 M 9.138 5.507 4.936 6.692
9.4% 71.3%
3:00 H 0.855 3.924 4.709 6.384
3:30 M 9.185 5.955 4.742 6.429
.39 .79
4:00 H 0.856 9.3% 3.612 60.7% 4.442 6.022
4:30 M 9.250 5.852 4.509 6.113
9.6% 59.3%
5:00 H 0.885 3.471 4.210 5.708
: M .934 .67 4.37 X
5:30 8.93 10.0% 5.675 64.3% 376 5.933
6:00 H 0.895 3.648 4.116 5.580
6:30 M 9.618 5.601 4.481 6.075
9.4% 68.4%
7:00 H 0.903 3.832 3.987 5.406
7:30 M 9.569 5.431 4.095 5.552
6.1% 68.6%
8:00 H 0.587 3.728 4.029 5.463
8:30 M 8.971 5.724 4.823 6.539
8.7% 50.6%
9:00 H 0.779 2.896 4.022 5.453
9:30 M 9.894 73% 5.608 56.3% 4.837 6.558
10:00 H 0.720 = 3.157 = 4,525 6.135
11:00 M 9.751 7 8% 5.617 56.2% 4.606 6.245
12:00 H 0.757 = 3.154 o 4.446 6.028
13:00 M 9.590 5.402 4.305 5.837
8.3% 57.8%
14:00 H 0.799 3.12 4.104 5.564
15:00 M 9.894 7 8% 5.49 61.0% 4.322 5.860
16:00 H 0.769 o 3.351 - 4.210 5.708
17:00 M 9.894 7 8% 5.539 57.19 4.186 5.675
18:00 H 0.774 = 3.165 7 4.078 5.529
19:00 M 9.894 7.8% 5.613 59.7% 4.006 5.431
20:00 H 0.773 3.351 3.946 5.350
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.556 Hmax Amplitude (mV): 0.990
Hmax Torque (Nm) 3.731| 5.05849|Hmax Torque (Nm) 5.05849
Mmax Stim Intensity (mA): 35 Mmax Stim Intensity (mA): 35
Mmax Amlitude (mV): 9.892 Mmax Amplitude (mV): 5.792
Mmax Torque (Nm) 5.162| 6.99864|Mmax Torque (Nm) 6.99864
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.934 Hmax Amplitude (mV): 4.404
Hmax Torque (Nm) 4.016( 5.444893|Hmax Torque (Nm) 5.444893
Gastroc H/M 9.4% Soleus H/M 76.0%
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Subject 12 Session 3 Treatment order: SMT, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 7.439 4.778 8.597 11.656
6.9% 54.6%
0:20 H 0.516 2.609 5.991 8.123
0:30 M 7.274 5.189 8.699 11.794
7.5% 57.2%
0:40 H 0.543 2.966 6.095 8.264
0:50 M 7.268 5.137 7.299 9.896
7.3% 59.1%
1:00 H 0.534 3.035 5.846 7.926
1:30 M 7.491 729% 5.478 18.2% 6.885 9.335
2:00 H 0.541 e 2.641 e 5.130 6.955
2:30 M 7.670 6.4% 4.870 58.1% 5.878 7.969
3:00 H 0.489 i 2.828 = 5.667 7.683
3:30 M 9.101 5 29 5.058 5179 5.324 7.218
4:00 H 0.477 e 2.614 e 5.254 7.123
4:30 M 8.977 5.091 6.003 8.139
4.3% 54.4%
5:00 H 0.385 2.768 5.560 7.538
5:30 M 9.574 5.413 5.831 7.906
5.3% 52.4%
6:00 H 0.509 2.834 5.254 7.123
6:30 M 9.783 6.0% 4.859 65.3% 5.238 7.102
7:00 H 0.585 e 3.172 = 4.811 6.523
7:30 M 8.982 4.3% 5.207 55 59 5.117 6.938
8:00 H 0.388 = 2.891 =7 5.021 6.807
8:30 M 9.467 5.448 5.014 6.798
4.8% 47.4%
9:00 H 0.458 2.585 4.778 6.478
9:30 M 9.633 5.308 4.639 6.290
5.1% 49.1%
10:00 H 0.495 2.606 4.458 6.044
11:00 M 9.341 5.326 4.496 6.096
12:00 H 0.461 4.9% 2.648 49.7% 4.486 6.082
13: M 7.541 .614 4, )
3:00 5 5 3% 5.6 5% 686 6.353
14:00 H 0.398 2.498 4.154 5.632
15:00 M 7.858 5.778 4.094 5.551
4.0% 36.7%
16:00 H 0.316 2.118 3.884 5.266
17:00 M 7.735 5.941 3.871 5.248
3.9% 34.6%
18:00 H 0.302 2.054 3.806 5.160
19:00 M 7.715 3.3% 5.956 30.3% 3.904 5.293
20:00 H 0.258 1.806 3.673 4,980
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.788 Hmax Amplitude (mV): 2.021
Hmax Torque (Nm) 3.321[ 4.502612|Hmax Torque (Nm)
Mmax Stim Intensity (mA): 35 Mmax Stim Intensity (mA): 35
Mmax Amlitude (mV): 9.893 Mmax Amplitude (mV): 5.579
Mmax Torque (Nm) 4.469|  6.05907| Mmax Torque (Nm)
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.701 Hmax Amplitude (mV): 2.021
Hmax Torque (Nm) 3.324| 4.506679|Hmax Torque (Nm)
Gastroc H/M 7.1% Soleus H/M 36.2%
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Subject 13 Session 1 Treatment order: 60 s rest, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 Y] 9.894 4.8% 5.73 66.1% 5.790 7.850
0:20 H 0.475 0 3.786 P 5.294 7.178
0:30 M 9.894 9.812 6.147 8.334
5.1% 40.9%
0:40 H 0.505 4.018 6.016 8.156
0:50 M 9.895 6.19 5.517 82.8% 6.244 8.466
1:00 H 0.601 = 4.567 = 6.239 8.459
1:30 Y] 9.894 6.5% 5.806 79.0% 6.227 8.443
2:00 H 0.645 =7 4.587 P 5.732 7.771
2: § .91 .2 X
30 M 9.895 6.8% 5.918 77.0% 6.253 8.478
3:00 H 0.668 4,557 5.420 7.348
3:30 M 9.895 5.78 6.503 8.817
7.5% 83.5%
4:00 H 0.740 4.824 5.240 7.104
4. M .894 R .2 .482
30 9.89 7.8% 5.938 78.8% 6.256 8.48
5:00 H 0.768 4.678 5.471 7.418
5:30 M 9.895 5.964 6.022 8.165
7.8% 78.5%
6:00 H 0.771 4.679 5.201 7.052
6:30 M 9.894 71% 5.814 75.5% 5.978 8.105
7:00 H 0.705 7 4.388 =7 5.072 6.877
7:30 M 9.895 5.878 5.809 7.876
6.9% 78.3%
8:00 H 0.678 4.605 5.245 7.111
8:30 M 9.894 5.702 5.677 7.697
7.0% 81.1%
9:00 H 0.691 4.623 5.104 6.920
9:30 M 9.894 6.9% 5.881 75.79 5.742 7.785
10:00 H 0.685 o 4.454 o 4.970 6.738
11:00 M 9.894 6.9% 5.789 75.5% 5.691 7.716
12:00 H 0.680 = 4.37 =P 4.889 6.629
13:00 M 9.894 6.5% 5.959 72.9% 5.634 7.639
14:00 H 0.646 o7 4.345 o 5.048 6.844
15:00 M 9.895 6.3% 5.954 72.8% 5.451 7.390
16:00 H 0.619 = 4.335 = 4.845 6.569
17:00 M 9.895 6.2% 5.801 69.6% 5.552 7.527
18:00 H 0.611 o 4.036 P 5.124 6.947
19:00 M 9.894 5.59% 5.923 70.6% 5.575 7.559
. (] . (]
20:00 H 0.545 4,181 4.849 6.574
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 18 Hmax Stim Intensity (mA): 18
Hmax Amplitude (mV): 0.667 Hmax Amplitude (mV): 3.804
Hmax Torque (Nm) 3.541( 4.800888|Hmax Torque (Nm) 4.800888
Mmax Stim Intensity (mA): 45 Mmax Stim Intensity (mA): 45
Mmax Amplitude (mV): 9.894 Mmax Amplitude (mV): 5.198
Mmax Torque (Nm) 4.738| 6.42378|Mmax Torque (Nm) 6.42378
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 20 Hmax Stim Intensity (mA): 20
Hmax Amplitude (mV): 0.625 Hmax Amplitude (mV): 4.192
Hmax Torque (Nm) 5.720| 7.755176|Hmax Torque (Nm) 7.755176
Gastroc H/M 6.3% Soleus H/M 80.6%
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Subject 13 Session 2 Treatment order: SMT, no MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 3.9% 6.285 49.8% 7.700 10.440
0:20 H 0.390 o 3.127 o 4.715 6.393
0:30 M 9.893 6.324 7.475 10.135
3.7% 45.0%
0:40 H 0.370 2.847 4.263 5.780
0:50 M 9.894 6.208 6.963 9.440
3.3% 43.7%
1:00 H 0.325 2.712 4.428 6.003
1:30 M 9.894 6.289 7.521 10.197
4.0% 58.4%
2:00 H 0.391 3.67 4,711 6.387
2:30 M 9.894 5.09 6.529 64.49 7.311 9.912
3:00 H 0.492 - 4.205 o 4.912 6.660
3:30 M 9.895 6.322 6.816 9.241
4.3% 66.1%
4:.00 H 0.428 4.182 4.975 6.745
4:30 M 9.895 6.301 7.113 9.644
4.2% 60.0%
5:00 H 0.420 3.78 4.624 6.269
5:30 M 9.894 6.418 7.113 9.644
4.8% 61.1%
6:00 H 0.470 3.923 4.874 6.608
6:30 M 9.893 6.558 7.275 9.863
2.8% 45.2%
7:00 H 0.274 2.964 3.985 5.403
7:30 M 9.894 6.209 6.802 9.222
4.7% 68.9%
8:00 H 0.461 4.277 4.684 6.351
8:30 M 9.894 6.352 6.729 9.123
4.8% 67.0%
9:00 H 0.470 4.255 5.095 6.908
9:30 M 9.894 6.049 7.071 9.587
4.29 .69
10:00 H 0.412 % 3.966 65.6% 4.819 6.534
11:00 M 9.894 4.2% 6.104 67.0% 7.052 9.561
12:00 H 0.417 o 4.092 P 5.190 7.037
13:00 M 9.894 6.247 7.011 9.506
4.4% 66.8%
14:00 H 0.440 4.17 5.087 6.897
15:00 M 9.894 6.346 6.891 9.343
3.7% 49.5%
16:00 H 0.362 3.143 4.244 5.754
17:00 M 9.894 4.5% 6.343 61.5% 7.058 9.569
18:00 H 0.442 =7 3.902 =7 4.704 6.378
19:00 M 9.894 4.9% 6.368 71.1% 6.740 9.138
20:00 H 0.486 4.528 5.071 6.875
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.302 Hmax Amplitude (mV): 3.312
Hmax Torque (Nm) 4.947| 6.707143|Hmax Torque (Nm) 6.707143
Mmax Stim Intensity (mA): 55 Mmax Stim Intensity (mA): 55
Mmax Amlitude (mV): 9.892 Mmax Amplitude (mV): 5.402
Mmax Torque (Nm) 6.603| 8.952347| Mmax Torque (Nm) 8.952347
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.407 Hmax Amplitude (mV): 3.559
Hmax Torque (Nm) 6.617| 8.971329|Hmax Torque (Nm) 8.971329
Gastroc H/M 4.1% Soleus H/M 65.9%
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Subject 13 Session 3 Treatment order: SMT, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 6.7% 5.754 68.1% 8.971 12.163
0:20 H 0.665 3.916 7.643 10.362
0:30 M 9.894 6.2% 5.602 65.8% 8.664 11.747
0:40 H 0.612 o 3.687 = 7.372 9.995
: . . . 11.
0:50 M 9.895 6.5% 5.605 62.8% 8.736 844
1:00 H 0.646 3.521 7.571 10.265
1:30 M 9.894 6.3% 5.613 66.69 8.936 12.115
2:00 H 0.623 = 3.738 7 7.616 10.326
2: . . . 12.
30 M 9.895 6.8% 5.503 60.9% 9.079 309
3:00 H 0.677 3.846 7.775 10.541
3:30 M 9.894 5.642 8.981 12.176
7.4% 69.9%
4:00 H 0.737 3.946 7.840 10.629
4: M .894 44 . 12.07
30 9.89. 6.3% 5.449 71.9% 8.905 073
5:00 H 0.620 3.919 7.637 10.354
5:30 M 9.894 5.55 8.791 11.919
6.4% 71.2%
6:00 H 0.632 3.954 7.593 10.295
6:30 M 9.894 5.618 8.921 12.095
5.3% 56.7%
7:00 H 0.521 3.185 7.482 10.144
7:30 M 9.894 6.3% 5.466 68.5% 8.561 11.607
8:00 H 0.619 = 3.745 =7 7.178 9.732
: . . .2 11.21
8:30 M 9.895 6.9% 5.48 72.4% 8.268 0
9:00 H 0.687 3.966 7.169 9.720
9:30 M 9.894 7.4% 5.615 71.9% 8.268 11.210
10:00 H 0.732 e 4.036 o 7.047 9.554
11: . . 251 11.1
00 M 9.894 7.0% 5.589 72.4% 8.25 87
12:00 H 0.696 4.046 7.065 9.579
13:00 M 9.894 5.534 7.999 10.845
7.3% 71.0%
14:00 H 0.718 3.93 6.894 9.347
15:00 M 9.895 5.533 7.998 10.844
0, 0,
16:00 H 0.628 6.3% 3.86 69.8% 6.948 9.420
17:00 M 9.894 5.546 7.765 10.528
0, 0,
18:00 H 0.629 6.4% 3.875 69.9% 6.870 9.314
19:00 M 9.895 6.1% 5.56 66.1% 7.980 10.819
20:00 H 0.608 3.673 6.459 8.757
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.698 Hmax Amplitude (mV): 3.599
Hmax Torque (Nm) 8.103( 10.98605|Hmax Torque (Nm) 10.98605
Mmax Stim Intensity (mA): 55 Mmax Stim Intensity (mA): 55
Mmax Amlitude (mV): 9.893 Mmax Amplitude (mV): 4.696
Mmax Torque (Nm) 8.543 11.5826|Mmax Torque (Nm) 11.5826
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.707 Hmax Amplitude (mV): 3.511
Hmax Torque (Nm) 7.122{ 9.656008|Hmax Torque (Nm) 9.656008
Gastroc H/M 7.1% Soleus H/M 74.8%
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Subject 14 Session 1 Control
1st
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9,865 9.894 9,104 12.343
4.1% 34.0%
0:20 H 0.403 3.36 7.595 10.297
0:30 M 9.867 9.893 9,798 13.284
4.39 .19
0:40 H 0.424 3% 3.477 35.1% 7.482 10.144
0:50 M 9,866 9.894 9,804 13.292
0, 0,
1:00 H 0.383 3.9% 3.467 35.0% 7.418 10.057
1:30 M 9.870 9.893 9,842 13.344
4,29 .39
2:00 H 0.419 % 3.491 35.3% 7.318 9.922
2:30 M 9,894 9.895 9,918 13.447
4.4% 34.4%
3:00 H 0.435 3.402 7.584 10.282
3:30 M 9.893 9.894 9.914 13.441
4.5% 36.5%
4:00 H 0.444 3.608 7.630 10.345
4:30 ™M 9.893 9.893 10.030 13.599
4.9% 37.5%
5:00 H 0.486 3.712 7.572 10.266
5:30 M 9,893 9.895 9.872 13.384
5.1% 36.4%
6:00 H 0.502 3.598 7.511 10.183
6:30 M 9,893 9.894 9,798 13.284
4.2% 32.6%
7:00 H 0.413 3.229 7.590 10.291
7:30 M 9,894 9.894 9,880 13.395
4.5% 32.9%
8:00 H 0.449 3.252 7.604 10.310
8:30 M 9,894 9.894 10.010 13.572
4.1% 32.1%
9:00 H 0.401 3.174 7.683 10.417
9:30 M 9.894 9.894 9.942 13.479
4.0% 32.0%
10:00 H 0.399 3.166 7.373 9.996
11:00 M 9,894 3 0% 9.894 30,49 9,937 13.473
12:00 H 0.389 I 3.204 i 7.553 10.240
13:00 M 9,893 £ 0% 9.894 2.1% 10.040 13.612
14:00 H 0.398 o 3.174 el 7.458 10.112
15:00 M 9,895 289 9.894 31 8% 10.011 13.573
16:00 H 0.372 e 3.149 = 7.442 10.090
17:00 M 9,893 3.a% 9.895 29.6% 10.113 13.711
18:00 H 0.339 i 2.93 el 7.572 10.266
19:00 M 9,893 0% 9.894 31.9% 10.183 13.806
20:00 H 0.392 3.155 7.482 10.144
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2nd

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.354 9.894 10.403 14.104
3.8% 31.4%
0:20 H 0.353 3.104 8.140 11.036
0:30 M 9.893 3.5% 9.894 30.6% 11.006 14.922
0:40 H 0.350 7% 3.023 o 7.918 10.735
0:50 M 9.641 9.894 10.931 14.820
4.7% 33.8%
1:00 H 0.451 3.349 8.107 10.991
1:30 M 9.895 9.896 10.971 14.874
4.6% 32.6%
2:00 H 0.460 3.225 8.053 10.918
2:30 M 9.373 9.894 10.969 14.872
0, 0,
3:00 H 0.383 4.1% 3.221 32.6% 8.113 11.000
3:30 M 9.229 9.894 10.950 14.846
4.6% 30.9%
4:00 H 0.424 3.058 8.144 11.042
4:30 M 8.556 9.895 11.024 14.946
0, 0,
5:00 H 0.320 37% 2.884 29-1% 7.918 10.735
5:30 M 9.160 9.895 10.745 14.568
3.4% 31.1%
6:00 H 0.308 3.082 7.892 10.700
6:30 M 9.007 9.895 10.745 14.568
4.7% 32.4%
7:00 H 0.419 3.21 7.770 10.535
7:30 M 9.621 9.894 10.661 14.454
4.0% 31.5%
8:00 H 0.382 3.12 7.706 10.448
8:30 M 8.758 3.9% 9.895 28.9% 10.650 14.439
9:00 H 0.345 o 2.858 o 7.602 10.307
9:30 M 8.064 9.894 10.514 14.255
0, 0,
10:00 H 0.353 4.4% 3.107 31.4% 7.435 10.080
11:00 M 8.304 9.895 10.576 14.339
4.2% 28.4%
12:00 H 0.348 2.81 7.571 10.265
13:00 M 9.526 9.894 10.858 14.721
0, 0,
14:00 H 0.292 3% 2.783 28.1% 7.596 10.299
15:00 M 9.484 9.895 10.531 14.278
4.0% 28.6%
16:00 H 0.381 2.827 7.549 10.235
17:00 M 9.894 3.0% 9.894 23.6% 10.558 14.315
18:00 H 0.301 - 2337 o 7.513 10.186
19:00 M 9.601 3.1% 9.895 25.1% 10.412 14.117
20:00 H 0.293 2.481 7.442 10.090
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 16 Hmax Stim Intensity (mA): 16
Hmax Amplitude (mV): 0.522 Hmax Amplitude (mV): 3.379
Hmax Torque (Nm) 5.131) 6.95661|Hmax Torque (Nm) 6.95661
Mmax Stim Intensity (mA): 60 Mmax Stim Intensity (mA): 60
Mmax Amplitude (mV): 9.892 Mmax Amplitude (mV): 9.891
Mmax Torque (Nm) 8.640| 11.71411| Mmax Torque (Nm) 11.71411
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 16 Hmax Stim Intensity (mA): 16
Hmax Amplitude (mV): 0.382 Hmax Amplitude (mV): 3.185
Hmax Torque (Nm) 7.673| 10.40305|Hmax Torque (Nm) 10.40305
Gastroc H/M 3.9% Soleus H/M 32.2%
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Subject 14 Session 2 Control
1st
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
;1 M . .894 11.1 15.124
0:10 9.895 4.0% 9.89 28.4% 55 5
0:20 H 0.396 2.412 8.537 11.574
0:30 M 9.893 9.894 12.530 16.988
4.0% 22.9%
0:40 H 0.391 2.268 8.574 11.625
0:50 M 9.893 3.6% 9.894 21.5% 12.688 17.202
1:00 H 0.358 o 2.128 =7 8.431 11.431
1:30 M 9.893 9.893 12.577 17.052
3.4% 17.7%
2:00 H 0.336 1.753 8.260 11.199
2:30 M 9.893 3.9% 9.895 23.7% 12.727 17.255
3:00 H 0.390 2.350 8.793 11.922
3:30 M 9.893 9.894 12.662 17.167
4.1% 24.4%
4:00 H 0.408 2.410 8.946 12.129
4:30 M 9.893 9.893 12.678 17.189
4.1% 25.5%
5:00 H 0.407 2.525 8.962 12.151
5:30 M 9.893 9.894 12.659 17.163
4.0% 24.9%
6:00 H 0.396 2.460 9.084 12.316
6:30 M 9.893 9.893 12.642 17.140
4.0% 25.8%
7:00 H 0.395 2.557 8.879 12.038
7: M E . 12.501 16.94
30 9.893 4.0% 9.893 25 9% 50 6.949
8:00 H 0.437 2.494 9.176 12.441
8:30 M 9.893 9.893 12.704 17.224
4.1% 24.1%
9:00 H 0.408 2.385 8.865 12.019
9:30 M 9.893 4.1% 9.895 25.2% 12.721 17.247
10:00 H 0.406 7 2.493 o 8.862 12.015
11:00 M 9.893 9.894 12.727 17.255
4.1% 25.1%
12:00 H 0.402 2.487 9.101 12.339
13:00 M 9.893 9.894 12.696 17.213
4.0% 25.3%
14:00 H 0.398 2.505 9.007 12.212
15:00 M 9.893 3.9% 9.894 24.3% 12.556 17.023
16:00 H 0.385 o 2.401 = 8.871 12.027
17:00 M 9.893 9.894 12.480 16.920
3.7% 23.2%
18:00 H 0.364 2.291 8.848 11.996
19:00 M 9.894 3.5% 9.894 21.9% 12.503 16.952
20:00 H 0.349 2.170 8.680 11.768
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2nd

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) [ Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 Y 9.894 239 9.894 23.0% 13.871 18.806
0:20 H 0.422 = 2.367 = 9.620 13.043
0:30 ™M 9.893 9.893 13.966 18.935

.09 25.19
0:40 H 0.400 4.0% 2.488 >1% 10.198 13.826
0:50 M 9.894 1% 9.894 25.1% 13.953 18.917
1:00 H 0.403 o 2.484 o 10.094 13.685
1:30 M 9.893 1% 9.894 20.4% 13.688 18.558
2:00 H 0.410 o 2.417 i 9.873 13.386
2:30 ™M 9.894 9.894 13.745 18.635
4.4% 26.2%
3:00 H 0.438 ’ 2.597 ? 9.851 13.356
3:30 M 9.893 3% 9.894 20.6% 13.769 18.668
4:00 H 0.362 e 2.433 e 10.224 13.862
4:30 M 9.894 3.0% 9.894 20.8% 13.590 18.425
5:00 H 0.385 = 2.456 e 9.984 13.536
5:30 M 9.893 379 9.894 25 1% 13.626 18.474
6:00 H 0.363 e 2.482 o 9.860 13.368
6:30 Y 9.893 9.894 13.622 18.469
3.7% 23.9%
7:00 H 0.367 ’ 2.365 ’ 9.602 13.018
7:30 M 9.893 3.a% 9.894 22 3% 13.770 18.669
8:00 H 0.341 e 2.208 = 9.876 13.390
8:30 M 9.893 3.5% 9.893 20.2% 13.489 18.288
9:00 H 0.351 =7 1.995 e 9.294 12.601
9:30 M 9.893 2.6% 9.894 23.1% 13.700 18.574
10:00 H 0.358 o 2.282 e 9.605 13.022
11:00 M 9.893 9.894 13.416 18.189
3.2% 22.5%
12:00 H 0.314 ’ 2.228 ’ 9.604 13.021
13:00 M 9.893 0% 9.894 23.4% 13.495 18.297
14:00 H 0.394 = 2.317 e 9.324 12.641
15:00 M 9.893 3.5% 9.895 22 3% 13.448 18.233
16:00 H 0.344 =7 2.204 = 9.701 13.153
17:00 Y 9.894 9.894 13.491 18.291
3.2% 22.1%
18:00 H 0.317 ’ 2.182 ) 9.771 13.248
19:00 M 9.894 3.5 9.894 22.0% 13.297 18.028
- (] - 0
20:00 H 0.347 2.262 9.652 13.086

Gastroc Soleus

Recruitment Curve Recruitment Curve

Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12

Hmax Amplitude (mV): 0.415 Hmax Amplitude (mV): 2.085

Hmax Torque (Nm) 7.150| 9.69397|Hmax Torque (Nm) 9.69397

Mmax Stim Intensity (mA): 50 Mmax Stim Intensity (mA): 50

Mmax Amlitude (mV): 9.891 Mmax Amplitude (mV): 9.892

Mmax Torque (Nm) 10.044| 13.61766|Mmax Torque (Nm) 13.61766

Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12

Hmax Amplitude (mV): 0.329 Hmax Amplitude (mV): 2.088

Hmax Torque (Nm) 7.663| 10.3895[Hmax Torque (Nm) 10.3895

Gastroc H/M 3.3% Soleus H/M 21.1%
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Subject 15 Session 1 Treatment order: SMT, no MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.895 4.546 6.539 8.866
4. 0, . 0,
0:20 H 0.447 5% 2.678 58.9% 4.060 5.505
0:30 M 9.894 4.6% 4.661 62.69 6.471 8.773
0:40 H 0.459 o 2.919 o 3.856 5.228
0:50 M 9.895 3.1% 4.696 45.2% 6.336 8.590
1:00 H 0.304 P 2.121 o 3.721 5.045
1:30 M 9.894 4.682 6.315 8.562
4.83% 68.8%
2:00 H 0.479 3.221 3.822 5.182
2:30 M 9.894 4.668 6.351 8.611
4.9% 69.9%
3:00 H 0.482 3.264 3.850 5.220
3:30 M 9.895 4.777 6.323 8.573
4.9% 63.9%
4:00 H 0.488 3.054 3.762 5.101
4:30 M 9.895 4.740 6.323 8.573
4.99 70.39
5:00 H 0.486 9% 3.332 0.3% 3.568 4.837
5:30 M 9.895 4.848 6.668 9.040
4.2% 52.5%
6:00 H 0.414 2.543 3.167 4.294
6:30 M 9.895 4.8% 4.817 72.1% 6.070 8.230
7:00 H 0.473 o 3.475 o 3.495 4.739
7:30 M 9.895 4.7% 4,918 66.0% 5.859 7.944
8:00 H 0.463 P 3.245 7 3.589 4.866
8:30 M 9.895 4,988 5.826 7.899
4.3% 61.8%
9:00 H 0.430 3.083 3.427 4.646
9:30 M 9.894 4.922 5.881 7.973
4.6% 63.1%
10:00 H 0.459 3.104 3.085 4,183
11:00 M 9.896 5.060 5.788 7.847
10, 0,
12:00 H 0.496 >0% 3.484 68.9% 3.414 4.629
13:00 M 9.895 4.994 6.157 8.348
4.7% 71.1%
14:00 H 0.466 3.551 3.777 5.121
15:00 M 9.894 5.79 5.543 64.09 6.446 8.739
16:00 H 0.564 e 3.545 e 3.822 5.182
17:00 M 9.894 4.0% 5.364 45.3% 6.435 8.725
18:00 H 0.394 7 2.431 o 3.668 4.973
19:00 M 9.894 4.9% 5.066 64.0% 6.842 9.276
20:00 H 0.489 3.241 3.754 5.090
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.475 Hmax Amplitude (mV): 1.963
Hmax Torque (Nm) 6.032( 8.178186|Hmax Torque (Nm) 8.1781856
Mmax Stim Intensity (mA): 35 Mmax Stim Intensity (mA): 35
Mmax Amplitude (mV): 9.893 Mmax Amplitude (mV): 3.288
Mmax Torque (Nm) 8.601| 11.66124|Mmax Torque (Nm) 11.661236
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 0.428 Hmax Amplitude (mV): 1.830
Hmax Torque (Nm) 5.477| 7.425717|Hmax Torque (Nm) 7.4257166
Gastroc H/M 4.3% Soleus H/M 55.7%
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Subject 15 Session 2 Treatment order: 60 s rest, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 2 3% 2.747 45.8% 10.272 13.927
0:20 H 0.229 = 1.259 = 6.516 8.834
0:30 M 9.894 3.107 10.287 13.947
3.4% 56.0%
0:40 H 0.336 1.739 6.743 9.142
0:50 M 9.894 2.896 10.165 13.782
2.6% 54.6%
1:00 H 0.262 1.582 6.477 8.782
1:30 M 9.895 2.972 9.985 13.538
2.6% 49.7%
2:00 H 0.259 1.477 6.827 9.256
2:30 M 9.894 . . .
2.9% 2.962 54.5% 9.516 12.902
3:00 H 0.286 1.614 7.189 9.747
3:30 M 9.895 2.876 9.793 13.277
2.4% 47.1%
4:00 H 0.241 1.355 7.834 10.621
4:30 M 9.894 2.954 9.246 12.536
3.4% 64.9%
5:00 H 0.338 1.918 7.283 9.874
: X 2. R 13.
5:30 M 9.894 2.9% 959 53.7% 9.657 3.093
6:00 H 0.284 1.590 6.974 9.455
6:30 M 9.894 3.396 8.882 12.042
3.3% 48.3%
7:00 H 0.328 1.640 6.810 9.233
7:30 M 9.894 3.279 9.292 12.598
2.1% 39.3%
8:00 H 0.211 1.289 6.046 8.197
8:30 M 9.894 2 99 3.033 53.5% 9.496 12.875
9:00 H 0.285 o 1.624 =7 6.688 9.068
9:30 M 9.894 3.281 9.708 13.162
1.8% 23.7%
10:00 H 0.181 0.778 7.347 9.961
11:00 M 9.895 3.9% 2.999 56.8% 10.617 14.395
12:00 H 0.317 o 1.702 o 7.843 10.634
13:00 M 9.895 2.644 9.172 12.435
2.5% 53.6%
14:00 H 0.250 1.417 6.663 9.034
15:00 M 9.894 3.429 6.631 8.990
2.4% 52.8%
16:00 H 0.241 1.811 4.666 6.326
17:00 M 9.894 3.858 5.993 8.125
2.6% 39.9%
18:00 H 0.256 1.538 6.019 8.161
19:00 M 9.894 2.9% 3.213 53.1% 9.564 12.967
20:00 H 0.284 1.707 6.896 9.350
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.304 Hmax Amplitude (mV): 1.464
Hmax Torque (Nm) 5.915| 8.019557|Hmax Torque (Nm) 8.019557
Mmax Stim Intensity (mA): 35 Mmax Stim Intensity (mA): 35
Mmax Amlitude (mV): 9.894 Mmax Amplitude (mV): 2.598
Mmax Torque (Nm) 8.692| 11.78461|Mmax Torque (Nm) 11.78461
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.284 Hmax Amplitude (mV): 1.502
Hmax Torque (Nm) 6.442( 8.734064|Hmax Torque (Nm) 8.734064
Gastroc H/M 2.9% Soleus H/M 57.8%
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Subject 15 Session 3 Treatment order: SMT, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
21 M .894 7 12.444 16.872
0:10 9.89 4.6% 5.733 37.9% 6.8
0:20 H 0.457 2.171 8.634 11.706
0:30 M 9.894 7.777 12.805 17.361
0, 0,
0:40 H 0.492 >0% 2.404 30.9% 9.141 12.393
0:50 M 9.894 4.6% 7.468 28.1% 12.882 17.465
1:00 H 0.456 o 2.102 P 8.829 11.970
1: E . 12.42 16.
30 M 9.895 4.0% 7.944 28.2% 426 6.847
2:00 H 0.439 2.237 9.347 12.673
2:30 M 9.894 9.512 12.132 16.449
5.8% 32.7%
3:00 H 0.574 3.113 8.671 11.756
3:30 M 9.893 8.953 12.085 16.385
5.8% 32.7%
4:00 H 0.575 2.925 8.508 11.535
4:30 M 9.893 9.894 12.202 16.543
5.7% 25.8%
5:00 H 0.564 2.550 8.469 11.482
5:30 M 9.893 9.894 11.506 15.600
5.2% 23.7%
6:00 H 0.511 2.343 8.689 11.781
6:30 M 9.893 9.894 11.804 16.004
5.1% 21.7%
7:00 H 0.509 2.143 8.857 12.008
7:30 M 9.894 4.9% 9.893 21.3% 11.617 15.750
8:00 H 0.485 o 2112 = 8.299 11.252
8:30 M 9.893 9.438 12.257 16.618
5.2% 23.2%
9:00 H 0.511 2.188 8.362 11.337
9:30 M 9.893 9.894 11.717 15.886
5.2% 26.3%
10:00 H 0.512 2.606 8.783 11.908
11:00 M 9.893 9.894 11.562 15.676
0, 0,
12:00 H 0.493 >0% 2.226 22.5% 8.808 11.942
13:00 M 9.894 9.893 11.850 16.066
4.1% 21.3%
14:00 H 0.403 2.105 7.579 10.276
15:00 M 9.894 9.896 10.684 14.485
5.3% 26.5%
16:00 H 0.521 2.626 7.763 10.525
17:00 M 9.893 7.102 10.041 13.614
4.9% 37.1%
18:00 H 0.486 2.634 7.577 10.273
19:00 M 9.893 3.1% 9.894 18.7% 9.014 12.221
20:00 H 0.308 1.846 7.208 9.773
Gatroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.365 Hmax Amplitude (mV): 1.207
Hmax Torque (Nm) 5.838| 7.91516 Hmax Torque (Nm) 7.91516
Mmax Stim Intensity (mA): 65 Mmax Stim Intensity (mA): 65
Mmax Amlitude (mV): 9.892 Mmax Amplitude (mV): 9.894
Mmax Torque (Nm) 10.990| 14.90024| Mimax Torque (Nm) 14.90024
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.462 Hmax Amplitude (mV): 1.402
Hmax Torque (Nm) 7.837| _10.6254| Hmax Torque (Nm) 10.6254
Gastroc H/M 4.7% Soleus H/M 14.2%
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Subject 16 Session 1 Treatment order: SMT, no MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 5.538 8.722 11.825
2.9% 24.1%
0:20 H 0.286 1.332 5.792 7.853
0:30 M 9.894 5.557 8.823 11.962
3.8% 41.1%
0:40 H 0.379 2.286 5.879 7.971
0:50 M 9.894 5.579 8.523 11.555
3.8% 36.5%
1:00 H 0.375 2.038 5.698 7.725
1:30 M 9.894 5.332 8.541 11.580
4.2% 43.8%
2:00 H 0.416 2.336 5.915 8.020
2:30 M 9.894 5.451 8.601 11.661
4.3% 44.0%
3:00 H 0.421 2.401 5.957 8.077
3:30 M 9.894 5.408 8.366 11.343
4.2% 43.7%
4:00 H 0.420 2.363 5.771 7.824
4:30 M 9.894 5.433 8.398 11.386
4.3% 42.7%
5:00 H 0.430 2.318 5.726 7.763
5:30 M 9.894 5.432 8.238 11.169
4.5% 45.1%
6:00 H 0.446 2.451 5.945 8.060
6:30 M 9.894 4.5% 5.227 47.6% 8.346 11.316
7:00 H 0.443 7 2.486 o 6.017 8.158
7:30 M 9.894 5.467 8.344 11.313
4.5% 48.7%
8:00 H 0.445 2.665 6.043 8.193
8:30 M 9.895 5.471 8.245 11.179
4.6% 46.9%
9:00 H 0.456 2.566 6.054 8.208
9:30 M 9.894 5.378 8.269 11.211
4.6% 44.8%
10:00 H 0.455 2.412 6.107 8.280
11:00 M 9.894 5.212 8.497 11.520
4.0% 44.7%
12:00 H 0.399 2.329 6.315 8.562
13:00 M 9.894 5.234 8.437 11.439
4.5% 45.7%
14:00 H 0.449 2.394 6.067 8.226
15:00 M 9.894 5.403 8.590 11.646
4.2% 45.6%
16:00 H 0.415 2.462 6.402 8.680
17:00 M 9.894 5.136 8.699 11.794
4.1% 41.6%
18:00 H 0.404 2.139 6.528 8.851
19:00 M 9.894 4.2% 5.068 48.8% 8.744 11.855
20:00 H 0.417 2.471 6.646 9.011
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 24 Hmax Stim Intensity (mA): 24
Hmax Amplitude (mV): 0.391 Hmax Amplitude (mV): 2.221
Hmax Torque (Nm) 5.915| 8.019557|Hmax Torque (Nm) 8.019557
Mmax Stim Intensity (mA): 70 Mmax Stim Intensity (mA): 70
Mmax Amplitude (mV): 9.893 Mmax Amplitude (mV): 5.214
Mmax Torque (Nm) 9.805( 13.29362(Mmax Torque (Nm) 13.29362
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 24 Hmax Stim Intensity (mA): 24
Hmax Amplitude (mV): 0.356 Hmax Amplitude (mV): 2.203
Hmax Torque (Nm) 5.606( 7.600615[Hmax Torque (Nm) 7.600615
Gastroc H/M 3.6% Soleus H/M 42.3%
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Subject 16 Session 2 Treatment order: SMT, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M [ Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.896 6.093 12.082 16.381
1.7% 11.8%
0:20 H 0.166 0.718 8.841 11.987
: M R .742 12.7 17.291
0:30 9.893 17% 6. 11.8% 53 9
0:40 H 0.170 0.798 8.970 12.162
0:50 M 9.894 6.434 12.649 17.150
1.7% 13.4%
1:00 H 0.167 0.863 9.203 12.477
1:30 M 9.894 1.99 6.815 15.3% 12.566 17.037
2:00 H 0.187 o 1.040 = 9.279 12.580
2:30 M 9.893 2 6% 6.719 16.0% 12.280 16.649
3:00 H 0.253 1.077 9.221 12.502
3:30 M 9.893 2.4% 6.847 19.7% 11.626 15.763
4:00 H 0.237 1.350 8.389 11.374
4:30 M 9.893 6.817 11.011 14.929
1.8% 20.69
5:00 H 0.182 8% 1.404 0.6% 8.191 11.105
5:30 M 9.895 6.601 10.343 14.023
2.3% 17.8%
6:00 H 0.230 1.173 8.236 11.166
6:30 M 9.894 2.3% 6.503 21.6% 11.138 15.101
7:00 H 0.223 1.402 7.404 10.038
7:30 M 9.894 2.9% 7.094 17.4% 9.718 13.176
8:00 H 0.215 1.231 7.667 10.395
8:30 M 9.896 7.189 9.714 13.170
2.2% 19.6%
9:00 H 0.222 1.407 7.634 10.350
9:30 M 9.894 6.676 9.355 12.684
2.1% 17.6%
10:00 H 0.207 1.172 7.531 10.211
11:00 M 9.894 6.677 9.596 13.010
2.0% 15.2%
12:00 H 0.200 1.015 7.415 10.053
13:00 M 9.894 6.625 9.288 12.593
2.2% 20.7%
14:00 H 0.218 1.373 7.476 10.136
15:00 M 9.893 5.024 9.137 12.388
2.2% 21.7%
16:00 H 0.213 1.092 9.279 12.580
17:00 M 9.895 6.319 9.001 12.204
1.8% 16.9%
18:00 H 0.182 1.065 7.037 9.541
19:00 M 9.895 1.9% 5.532 19.3% 8.930 12.107
20:00 H 0.188 1.070 7.017 9.514
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 22 Hmax Stim Intensity (mA): 22
Hmax Amplitude (mV): 0.247 Hmax Amplitude (mV): 1.341
Hmax Torque (Nm) 5.971| 8.095482|Hmax Torque (Nm) 8.095482
Mmax Stim Intensity (mA): 60 Mmax Stim Intensity (mA): 60
Mmax Amlitude (mV): 9.892 Mmax Amplitude (mV): 5.291
Mmax Torque (Nm) 8.012| 10.86267| Mmax Torque (Nm) 10.86267
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 24 Hmax Stim Intensity (mA): 24
Hmax Amplitude (mV): 0.265 Hmax Amplitude (mV): 1.341
Hmax Torque (Nm) 6.806| 9.227575|Hmax Torque (Nm) 9.227575
Gastroc H/M 2.7% Soleus H/M 25.3%
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Subject 16 Session 3 Treatment order: 60 s rest, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 3.3% 6.342 225% 10.610 14.385
0:20 H 0.327 1.428 7.334 9.943
0:30 M 9.893 3.0% 5.623 26.6% 10.535 14.283
0:40 H 0.338 1.495 6.981 9.465
0:50 M 9.893 3.5% 5.713 22.7% 10.613 14.389
1:00 H 0.345 1.297 7.620 10.331
1:30 M 9.893 4.0% 6.522 29.5% 11.400 15.456
2:00 H 0.392 1.924 8.198 11.115
2:30 M 9.893 4.5% 5.840 38.4% 11.356 15.396
3:00 H 0.441 2.244 8.265 11.206
3:30 M 9.894 3.7% 5.933 29.7% 11.143 15.108
4:00 H 0.364 1.762 7.732 10.483
4:30 M 9.893 3.7% 5.852 29.9% 10.583 14.348
5:00 H 0.370 1.750 7.679 10.411
5:30 M 9.893 3.9% 5.982 32.9% 10.490 14.222
6:00 H 0.384 1.929 7.732 10.483
6:30 M 9.893 3.7% 6.184 28.5% 10.118 13.718
7:00 H 0.363 1.761 7.557 10.246
7:30 M 9.893 3.4% 6.084 26.2% 9.962 13.506
8:00 H 0.338 1.591 7.416 10.055
8:30 M 9.893 3.6% 6.429 20.1% 10.057 13.635
9:00 H 0.358 1.550 7.181 9.736
9:30 M 9.893 3.3% 6.141 25.9% 9.857 13.364
10:00 H 0.324 1.589 7.092 9.615
11:00 M 9.893 3.8% 6.361 30.2% 9.812 13.303
12:00 H 0.380 1.918 7.248 9.827
13:00 M 9.893 3.5% 6.112 27.6% 9.768 13.243
14:00 H 0.351 1.684 7.134 9.672
15:00 M 9.893 2.9% 6.763 15.9% 9.756 13.227
16:00 H 0.287 1.072 6.949 9.421
17:00 M 9.893 3.6% 6.021 31.0% 9.657 13.093
18:00 H 0.353 1.864 7.210 9.775
19:00 M 9.894 3.6% 6.530 23.0% 9.650 13.083
20:00 H 0.356 1.500 7.069 9.584

Recruitment Curve Soleus

Hmax Stim Intensity (mA): 20 Recruitment Curve

Hmax Amplitude (mV): 0.435 Hmax Stim Intensity (mA): 20

Hmax Torque (Nm) 6.366 Hmax Amplitude (mV): 2.227

Mmax Stim Intensity (mA): 50 Hmax Torque (Nm) 8.631023

Mmax Amlitude (mV): 9.892 Mmax Stim I.ntensity (mA): 50

Mmax Torque (Nm) 8.740 Mmax Amplitude (mV): 5.766

. Mmax Torque (Nm) 11.84969

M . Confirm Hmax

Hmax Stim Intensity (mA): 20 Hmax Stim Intensity (mA): 20

Hmax Amplitude (mV): 0.355 Hmax Amplitude (mV): 1.546

Hmax Torque (Nm) 8-125 Hmax Torque (Nm) 11.01588

Gastroc H/M 3.6% Soleus H/M 26.8%
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Subject 17 Session 1 Treatment order: 60 s rest, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.893 4.2% 6.012 31.7% 9.714 13.170
0:20 H 0.417 o 1.903 i 5.744 7.788
0:30 M 9.893 5.926 9.353 12.681
5.2% 39.4%
0:40 H 0.517 2.333 5.767 7.819
0:50 M 9.893 6.0% 5.827 51.8% 10.027 13.595
1:00 H 0.589 - 3.021 = 5.933 8.044
1:30 M 9.893 6.1% 5.955 46.4% 10.109 13.706
2:00 H 0.606 - 2.764 o 5.645 7.653
2:30 M 9.893 5.764 9.641 13.071
6.5% 53.0%
3:00 H 0.645 3.055 5.729 7.767
3:30 M 9.893 5.984 9.556 12.956
6.3% 50.5%
4:00 H 0.625 3.024 5.497 7.453
4:30 M 9.893 5.81 9.426 12.780
6.8% 46.2%
5:00 H 0.670 2.683 5.151 6.984
5:30 M 9.893 5.952 8.968 12.159
6.7% 53.3%
6:00 H 0.664 3.17 5.110 6.928
6:30 M 9.893 7.0% 5.972 52.1% 9.111 12.353
7:00 H 0.693 - 3.111 P 5.171 7.011
7:30 M 9.893 5.715 8.871 12.027
6.9% 57.0%
8:00 H 0.679 3.258 4.876 6.611
8:30 M 9.893 5.934 8.767 11.886
6.8% 47.0%
9:00 H 0.676 2.787 4.977 6.748
9:30 M 9.893 5.994 8.651 11.729
7.3% 49.4%
10:00 H 0.722 2.96 4.957 6.721
11:00 M 9.895 5.661 8.655 11.734
7.1% 55.4%
12:00 H 0.699 3.138 4.681 6.346
13:00 M 9.893 5.968 8.300 11.253
6.6% 51.7%
14:00 H 0.649 3.085 4.378 5.936
15:00 M 9.893 7.4% 5.731 47.9% 7.986 10.827
16:00 H 0.735 o 2.744 o 3.901 5.289
17:00 M 9.893 5.718 7.555 10.243
7.3% 55.7%
18:00 H 0.718 3.183 4.050 5.491
19:00 M 9.893 71% 6.002 57.49% 7.399 10.032
20:00 H 0.701 3.443 3.910 5.301
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.709 Hmax Amplitude (mV): 3.082
Hmax Torque (Nm) 5.452( 7.391822|Hmax Torque (Nm) 7.391822
Mmax Stim Intensity (mA): 60 Mmax Stim Intensity (mA): 60
Mmax Amplitude (mV): 9.892 Mmax Amplitude (mV): 5.598
Mmax Torque (Nm) 8.794( 11.92291|Mmax Torque (Nm) 11.92291
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.644 Hmax Amplitude (mV): 2.908
Hmax Torque (Nm) 4.664| 6.323451|Hmax Torque (Nm) 6.323451
Gastroc H/M 6.5% Soleus H/M 51.9%
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Subject 17 Session 2 Treatment order: SMT, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
21 . . . 11.791
0:10 M 9.893 1.5% 4,985 17.6% 8.697 79
0:20 H 0.147 0.878 6.835 9.267
: M 9.893 5.191 377 11.358
0:30 9 2.4% 9 27.3% 83
0:40 H 0.234 1.419 6.807 9.229
0:50 Y] 9.893 5.209 8.633 11.705
2.1% 28.6%
1:00 H 0.210 1.491 6.684 9.062
1:30 M 9.893 2.2% 5.14 27.5% 8.560 11.606
2:00 H 0.213 1.414 6.561 8.895
2:30 M 9.893 5.209 8.190 11.104
2.3% 30.1%
3:00 H 0.231 1.57 6.331 8.584
3:30 M 9.893 > 6% 5.187 28.2% 7.765 10.528
4:00 H 0.259 o 1.464 o 5.862 7.948
4:30 M 9.893 5.236 7.851 10.644
2.7% 27.3%
5:00 H 0.271 1.429 6.014 8.154
5:30 M 9.893 5.334 7.828 10.613
2.9% 30.7%
6:00 H 0.283 1.639 6.020 8.162
: . .321 . 10.
6:30 M 9.893 2.7% 5.3 20.7% 7.844 0.635
7:00 H 0.264 1.579 5.991 8.123
7:30 M 9.895 5.24 7.717 10.463
2.4% 25.3%
8:00 H 0.238 1.328 5.961 8.082
8:30 M 9.893 2 9% 5.326 29.7% 7.485 10.148
9:00 H 0.284 o 1.581 e 5.815 7.884
9:30 M 9.894 3.0% 5.415 28.8% 7.486 10.150
10:00 H 0.296 1.558 5.608 7.603
11: M .894 .47 7.662 10.

00 9.89 3.1% 5.476 30.9% 66 0.388
12:00 H 0.303 1.691 5.296 7.180
13:00 Y] 9.893 5.36 7.214 9.781

3.4% 36.5%

14:00 H 0.333 1.955 4,963 6.729
15:00 M 9.894 3.5% 5.551 35.6% 7.298 9.895
16:00 H 0.344 7 1.977 o7 4.823 6.539
17:00 M 9.893 3.5% 5.603 37.3% 7.060 9.572
18:00 H 0.349 =7 2.088 = 4.939 6.696
19:00 M 9.894 3.5% 5.559 36.0% 7.344 9.957
20:00 H 0.351 2.001 5.125 6.948

Gastroc Soleus

Recruitment Curve Recruitment Curve

Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12

Hmax Amplitude (mV): 0.679 Hmax Amplitude (mV): 2.873

Hmax Torque (Nm) 5.113| 6.932205|Hmax Torque (Nm) 6.932205

Mmax Stim Intensity (mA): 45 Mmax Stim Intensity (mA): 45

Mmax Amlitude (mV): 9.893 Mmax Amplitude (mV): 5.130

Mmax Torque (Nm) 8.186| 11.09858(Mmax Torque (Nm) 11.09858

Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14

Hmax Amplitude (mV): 0.611 Hmax Amplitude (mV): 2.482

Hmax Torque (Nm) 5.542( 7.513844 Hmax Torque (Nm) 7.513844

Gastroc H/M 6.2% Soleus H/M 48.4%
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Subject 17 Session 3 Treatment order: SMT, no MVIC, H/M

Time (min)| H/Mmax [Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.895 4,737 6.599 8.947
0, 0,
0:20 H 0.448 4.5% 2.366 49.9% 4.542 6.158
0:30 M 9.895 5.026 7.016 9.512
0, 0,
0:40 H 0.640 6.5% 2.655 >2.8% 3.898 5.285
0:50 M 9.893 5.159 6.753 9.156
0 0,
1:00 H 0.701 7.1% 2.784 >4.0% 3.548 4.810
1: M . .22 .72 1122
30 9.893 7 9% 5 57.2% 6.728 9
2:00 H 0.777 2.986 3.531 4.787
2: . .284 .454 .7
30 M 9.893 8.0% 5.28 54.9% 6.45 8.750
3:00 H 0.791 2.863 3.261 4.421
: M .894 .354 . 7.984
3:30 9.89 8.1% 5.35 53.7% 5.889 98
4:00 H 0.806 2.873 3.006 4.076
: . .351 . .92
4:30 M 9.893 7 6% 5.35 50.2% 5.848 7.929
5:00 H 0.755 2.687 2.985 4.047
5:30 M 9.895 8.0% 5.407 49.7% 5.745 7.789
6:00 H 0.795 2.689 2.655 3.600
6:30 M 9.893 5.5 5.263 7.136
8.4% 52.0%
7:00 H 0.829 2.858 2.511 3.404
7:30 M 9.893 8.5% 5.531 53.19 5.197 7.046
8:00 H 0.842 =7 2.937 P 2.363 3.204
8:30 M 9.893 7.3% 5.51 46.5% 5.069 6.873
9:00 H 0.719 2.562 2.324 3.151
9:30 M 9.895 5.602 4.925 6.677
7.1% 43.5%
10:00 H 0.704 2.435 2.036 2.760
11:00 M 9.893 8.0% 5.582 49.4% 4.634 6.283
12:00 H 0.794 - 2.757 o 1.961 2.659
13:00 M 9.895 5.657 4.473 6.064
8.1% 48.7%
14:00 H 0.802 2.754 1.870 2.535
15:00 M 9.893 5.703 4,211 5.709
8.5% 49.4%
16:00 H 0.838 2.815 1.832 2.484
17: . . . .
7:00 M 9.894 7.9% 5.739 45.8% 3.759 5.096
18:00 H 0.781 2.627 1.751 2.374
19:00 M 9.893 7.9% 5.733 44.7% 3.815 5.172
20:00 H 0.784 2.561 1.679 2.276
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.602 Hmax Amplitude (mV): 2.057
Hmax Torque (Nm) 4.004| 5.428623|Hmax Torque (Nm) 5.428623
Mmax Stim Intensity (mA): 65 Mmax Stim Intensity (mA): 65
Mmax Amlitude (mV): 9.893 Mmax Amplitude (mV): 5.104
Mmax Torque (Nm) 6.239| 8.458836| Mmax Torque (Nm) 8.458836
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.659 Hmax Amplitude (mV): 2.683
Hmax Torque (Nm) 5.592| 7.581634|Hmax Torque (Nm) 7.581634
Gastroc H/M 6.7% Soleus H/M 52.6%
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Subject 18 Session 1 Treatment order: SMT, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.893 8.584 7.768 10.532
11.4% 54.4%
0:20 H 1.131 4.671 6.396 8.672
0:30 M 9.893 8.228 8.238 11.169
11.2% 49.8%
0:40 H 1.104 4.095 6.619 8.974
0:50 M 9.893 8.297 8.359 11.333
11.4% 51.0%
1:00 H 1.131 4.23 6.742 9.141
1:30 M 9.895 8.134 8.483 11.501
11.0% 50.6%
2:00 H 1.085 4.114 6.639 9.001
2:30 M 9.894 8.401 8.592 11.649
10.9% 48.1%
3:00 H 1.080 4.037 6.667 9.039
3:30 M 9.894 8.404 8.326 11.288
10.6% 44.4%
4:00 H 1.050 3.732 6.449 8.744
4:30 M 9.894 10.5% 8.162 45.2% 8.402 11.391
5:00 H 1.042 7 3.693 o 6.424 8.710
5:30 M 9.895 0.4% 8.409 39.0% 8.476 11.492
6:00 H 0.933 3.282 6.318 8.566
6:30 M 9.895 8.228 8.077 10.951
10.1% 44.0%
7:00 H 1.001 3.623 6.268 8.498
7:30 M 9.895 10.5% 8.083 48.6% 7.984 10.825
8:00 H 1.039 7 3.93 o7 6.374 8.642
8:30 M 9.894 8.512 8.297 11.249
10.1% 42.0%
9:00 H 0.998 3.574 6.484 8.791
. . .632 X 11.2
9:30 M 9.893 11.9% 8.63 50.9% 8.300 53
10:00 H 1.182 4.394 5.996 8.129
11:00 M 9.894 0.8% 8.173 40.1% 7.942 10.768
12:00 H 0.965 3.281 5.648 7.658
13:00 M 9.893 8.559 8.361 11.336
7.2% 28.0%
14:00 H 0.710 2.398 5.959 8.079
15:00 M 9.893 9.689 7.796 10.570
9.1% 36.2%
16:00 H 0.903 3.506 6.158 8.349
17:00 M 9.893 10.7% 9.045 43.1% 8.060 10.928
18:00 H 1.063 3.899 6.370 8.636
19:00 M 9.893 9.1% 9.893 31.7% 8.165 11.070
20:00 H 0.899 3.136 6.233 8.451
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 24 Hmax Stim Intensity (mA): 24
Hmax Amplitude (mV): 0.862 Hmax Amplitude (mV): 3.103
Hmax Torque (Nm) 6.084( 8.248687|Hmax Torque (Nm) 8.248687
Mmax Stim Intensity (mA): 65 Mmax Stim Intensity (mA): 65
Mmax Amplitude (mV): 9.892 Mmax Amplitude (mV): 6.083
Mmax Torque (Nm) 7.430( 10.07359|Mmax Torque (Nm) 10.07359
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 24 Hmax Stim Intensity (mA): 24
Hmax Amplitude (mV): 1.019 Hmax Amplitude (mV): 3.517
Hmax Torque (Nm) 5.373| 7.284713|Hmax Torque (Nm) 7.284713
Gastroc H/M 10.3% Soleus H/M 57.8%
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Subject 18 Session 2 Treatment order: SMT, no MVIC, H/M
Time (min)| H/Mmax [Gastroc (mV)| Gastroc H/M [ Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 8.875 8.647 11.724
8.2% 54.9%
0:20 H 0.808 4.87 7.097 9.622
0:30 M 9.895 8.741 8.927 12.103
8.8% 55.1%
0:40 H 0.875 4.816 7.132 9.670
0:50 M 9.894 8.9% 8.78 59.5% 9.029 12.242
1:00 H 0.878 o 5.228 7 7.043 9.549
1:30 M 9.893 9.0% 8.846 55.3% 9.021 12.231
2:00 H 0.888 P 4.883 = 7.015 9.511
2:30 M 9.893 8.617 8.923 12.098
8.4% 61.1%
3:00 H 0.834 5.263 7.198 9.759
3:30 M 9.894 9.4% 8.59 66.9% 8.833 11.976
4:00 H 0.928 o 5.743 = 7.278 9.868
: X X E 12.2
4:30 M 9.893 8.2% 8.558 58.4% 9.004 08
5:00 H 0.808 4,998 7.108 9.637
5:30 M 9.896 8.706 8.755 11.870
9.3% 64.0%
6:00 H 0.918 5.57 6.567 8.904
6:30 M 9.894 8.685 8.484 11.503
7.1% 51.3%
7:00 H 0.703 4.454 6.642 9.005
7:30 M 9.893 7 6% 8.634 51.9% 8.568 11.616
8:00 H 0.753 o7 4.477 o 6.850 9.287
: X .72 .17 11.
8:30 M 9.893 8.5% 8.725 63.2% 8.176 085
9:00 H 0.843 5.513 6.472 8.775
9:30 M 9.894 8.711 8.330 11.294
8.2% 52.3%
10:00 H 0.808 4.553 6.555 8.887
11:00 M 9.894 8.4 8.027 10.883
7.4% 52.4%
12:00 H 0.732 4.399 6.204 8.411
13:00 M 9.894 8.752 7.849 10.642
8.0% 57.7%
14:00 H 0.789 5.053 6.112 8.287
15: X .81 . 10.
5:00 M 9.894 7.9% 8.815 50.3% 7.965 0.799
16:00 H 0.777 4.436 5.949 8.066
17:00 M 9.893 8.785 7.824 10.608
7.6% 50.0%
18:00 H 0.754 4.389 5.807 7.873
19:00 M 9.895 9.1% 8.721 63.1% 7.826 10.610
20:00 H 0.897 5.505 5.822 7.893
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 16 Hmax Stim Intensity (mA): 16
Hmax Amplitude (mV): 0.797 Hmax Amplitude (mV): 5.337
Hmax Torque (Nm) 6.385| 8.656783|Hmax Torque (Nm) 8.656783
Mmax Stim Intensity (mA): 40 Mmax Stim Intensity (mA): 40
Mmax Amlitude (mV): 9.892 Mmax Amplitude (mV): 8.380
Mmax Torque (Nm) 7.423| 10.0641| Mmax Torque (Nm) 10.0641
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 18 Hmax Stim Intensity (mA): 18
Hmax Amplitude (mV): 0.769 Hmax Amplitude (mV): 4.413
Hmax Torque (Nm) 6.775( 9.185545|Hmax Torque (Nm) 9.185545
Gastroc H/M 7.8% Soleus H/M 52.7%
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Subject 18 Session 3 Treatment order: 60 s rest, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 % 8.674 20.0% 7.895 10.704
0:20 H 0.467 O 1.733 - 6.271 8.502
0:30 M 9.894 8.45 8.854 12.004
5.1% 25.5%
0:40 H 0.509 2.154 6.499 8.811
0:50 M 9.896 5 1% 7.92 729 8.926 12.102
1:00 H 0.506 P 1.76 e 6.792 9.209
1:30 M 9,897 7.581 9.058 12.281
4.7% 21.8%
2:00 H 0.467 1.653 6.774 9.184
2:30 M 9.894 6o 7.28 5175 9.269 12.567
3:00 H 0.456 b 1.58 e 6.907 9.365
3:30 M 9.894 6.751 9.397 12.740
5.3% 30.1%
4:00 H 0.522 2.031 6.306 8.550
4:30 M 9.894 5 49 8.109 23.5% 8.277 11.222
5:00 H 0.537 e 1.907 =7 6.407 8.687
5:30 M 9.894 8.406 8.836 11.980
4.4% 16.8%
6:00 H 0.434 1.416 6.634 8.994
6:30 M 9.898 s 6% 8.156 25 8% 9.075 12.304
7:00 H 0.554 b 2.101 e 6.830 9.260
7:30 M 9.894 6.948 9,242 12.530
4.6% 19.1%
8:00 H 0.457 1.324 6.709 9.096
8:30 M 9.894 s 0% 7.442 20,99 9.156 12.414
9:00 H 0.490 o 1.554 = 6.972 9.453
9:30 M 9.897 289 6.773 7 0% 9,159 12.418
10:00 H 0.479 e 1.831 e 6.901 9.356
11:00 M 9.895 5 3% 6.776 55 3% 9.126 12.373
12:00 H 0.521 = 151 = 6.940 9.409
13:00 M 9.894 A 8.23 18.6% 8.096 10.977
14:00 H 0.451 o 1528 o 5.982 8.110
15:00 M 9.894 n.8% 8.445 18.1% 8.063 10.932
16:00 H 0.473 e 1.532 = 5.945 8.060
17:00 M 9.894 % 8.429 17 9% 8.158 11.061
18:00 H 0.461 P 1.507 = 5.918 8.024
19:00 M 9.895 0 8.498 1619 8.016 10.868
. 0 o 0
20:00 H 0.438 1.367 5.910 8.013
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 24 Hmax Stim Intensity (mA): 24
Hmax Amplitude (mV): 0.534 Hmax Amplitude (mV): 1.925
Hmax Torque (Nm) 5.415| 7.341657| Hmax Torque (Nm) 7.341657
Mmax Stim Intensity (mA): 65 Mmax Stim Intensity (mA): 65
Mmax Amlitude (mV): 9.894 Mmax Amplitude (mV): 8.407
Mmax Torque (Nm) 6.701] 9.085216| Mmax Torque (Nm) 9.085216
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 24 Hmax Stim Intensity (mA): 24
Hmax Amplitude (mV): 0.435 Hmax Amplitude (mV): 1.832
Hmax Torque (Nm) 7.030[ 9.531274| Hmax Torque (Nm) 9.531274
Gastroc H/M 4.4% Soleus H/M 21.8%
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Subject 19 Session 1 Treatment order: SMT, no MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M [ Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.893 13.3% 5.581 79.3% 8.309 11.265
0:20 H 1.317 4.425 7.107 9.636
. M R . . 11.94
0:30 9.895 14.4% 5.835 76.4% 8.809 943
0:40 H 1.421 4.459 7.289 9.882
0:50 M 9.896 14.6% 5.763 77.0% 8.841 11.987
1:00 H 1.441 4.437 7.357 9.975
1:30 M 9.893 14.8% 5.749 76.8% 8.686 11.776
2:00 H 1.467 4.415 7.321 9.926
2:30 M 9.893 5.92 8.429 11.428
13.3% 77.4%
3:00 H 1.320 4.585 7.207 9.771
3:30 M 9.895 6.025 8.411 11.404
14.1% 76.3%
4:00 H 1.398 4.596 7.086 9.607
4:30 M 9.893 16.2% 5.954 76.2% 8.257 11.195
5:00 H 1.598 4.539 6.623 8.979
5:30 M 9.894 14.3% 5.979 75.7% 7.787 10.558
6:00 H 1.415 4.524 6.510 8.826
R M R .072 7.87 10.677
6:30 9.896 14.8% 6.0 75.5% 875 0.6
7:00 H 1.469 4.586 6.541 8.868
7:30 M 9.897 6.223 7.820 10.602
15.4% 73.6%
8:00 H 1.527 4.582 6.519 8.838
8:30 M 9.893 12.8% 6.231 78.1% 7.633 10.349
9:00 H 1.266 4.62 6.439 8.730
9:30 M 9.895 12.9% 6.257 78.3% 7.605 10.311
10:00 H 1.273 4.652 6.585 8.928
11:00 M 9.895 6.288 7.953 10.783
15.5% 76.0%
12:00 H 1.531 4,781 6.610 8.962
13:00 M 9.894 6.416 7.520 10.196
13.4% 74.6%
14:00 H 1.323 4.788 6.573 8.912
15:00 M 9.896 12.7% 6.502 72.4% 7.595 10.297
16:00 H 1.260 e 4.705 o 6.241 8.462
17: X X .41 10.
7:00 M 9.894 12.6% 6.438 72.4% 7.416 0.055
18:00 H 1.247 4.662 6.101 8.272
19:00 M 9.897 12.7% 6.489 72.2% 7.555 10.243
20:00 H 1.256 4.682 6.462 8.761
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 18 Hmax Stim Intensity (mA): 18
Hmax Amplitude (mV): 1.468 Hmax Amplitude (mV): 1.105
Hmax Torque (Nm) 3.964( 5.374391|Hmax Torque (Nm) 5.374391
Mmax Stim Intensity (mA): 45 Mmax Stim Intensity (mA): 45
Mmax Amplitude (mV): 9.893 Mmax Amplitude (mV): 6.207
Mmax Torque (Nm) 5.482| 7.432496|Mmax Torque (Nm) 7.432496
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 16 Hmax Stim Intensity (mA): 16
Hmax Amplitude (mV): 1.055 Hmax Amplitude (mV): 2.836
Hmax Torque (Nm) 5.219 7.07592|Hmax Torque (Nm) 7.07592
Gastroc H/M 10.7% Soleus H/M 45.7%
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Subject 19 Session 2 Treatment order: 60 s rest, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
11 M 5 2.37 .2 11.1
0:10 9.895 2.4% 375 17.1% 8.256 93
0:20 H 0.237 0.407 7.026 9.526
0:30 M 9.895 5 5% 3.164 16.0% 8.182 11.093
0:40 H 0.247 =7 0.507 - 6.274 8.506
0:50 M 9.898 3.09 3.492 13.9% 8.024 10.879
1:00 H 0.293 7 0.484 o 6.198 8.403
1: .897 1 7.764 10.52
30 M 9.89 2.8% 3.158 16.1% [ 0.526
2:00 H 0.279 0.508 6.398 8.674
2:30 M 9.896 > 7% 3.367 14.3% 7.685 10.419
3:00 H 0.272 i 0.482 = 6.124 8.303
3:30 M 9.894 3.108 7.739 10.493
2.7% 17.0%
4:00 H 0.269 0.527 6.042 8.192
4: X . 7.624 10.
30 M 9.894 3.3% 3.535 16.9% 6 0.337
5:00 H 0.327 0.597 6.257 8.483
5:30 M 9.894 3.338 7.879 10.682
2.8% 13.8%
6:00 H 0.274 0.462 5.953 8.071
6:30 M 9.894 5 9% 3.588 15.8% 7.584 10.282
7:00 H 0.290 o 0.568 o 5.902 8.002
7:30 M 9.894 3.09 2.967 20.5% 7.993 10.837
8:00 H 0.295 7 0.608 7 5.769 7.822
8:30 M 9.894 3.527 7.616 10.326
2.8% 13.6%
9:00 H 0.280 0.481 5.889 7.984
9:30 M 9.894 > 6% 3.681 15.4% 7.428 10.071
10:00 H 0.261 o 0.568 o 5.364 7.273
11:00 M 9.895 3.067 7.667 10.395
3.1% 19.4%
12:00 H 0.304 0.596 5.901 8.001
13: X 2.91 . 10.312
3:00 M 9.894 3.0% 919 18.3% 7.606 0.3
14:00 H 0.296 0.533 5.943 8.058
15:00 M 9.895 3.378 7.571 10.265
3.0% 17.4%
16:00 H 0.292 0.589 5.634 7.639
17:00 M 9.894 > 8% 3.427 18.2% 7.287 9.880
18:00 H 0.278 = 0.624 o 5.572 7.555
19:00 M 9.894 2.9% 3.885 14.3% 7.149 9.693
20:00 H 0.290 0.554 5.234 7.096
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 20 Hmax Stim Intensity (mA): 20
Hmax Amplitude (mV): 0.311 Hmax Amplitude (mV): 0.643
Hmax Torque (Nm) 5.385| 7.300983|Hmax Torque (Nm) 7.300983
Mmax Stim Intensity (mA): 45 Mmax Stim Intensity (mA): 45
Mmax Amlitude (mV): 9.893 Mmax Amplitude (mV): 3.213
Mmax Torque (Nm) 9.541( 12.93569| Mmax Torque (Nm) 12.93569
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 24 Hmax Stim Intensity (mA): 24
Hmax Amplitude (mV): 0.360 Hmax Amplitude (mV): 0.568
Hmax Torque (Nm) 6.651| 9.017426|Hmax Torque (Nm) 9.017426
Gastroc H/M 3.6% Soleus H/M 17.7%
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Subject 19 Session 3 Treatment order: SMT, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.893 3.773 10.085 13.673
1.9% 33.0%
0:20 H 0.188 1.246 8.170 11.077
0:30 M 9.893 3.720 9.999 13.557
2.6% 44.5%
0:40 H 0.257 1.655 8.148 11.047
0:50 M 9.894 3.773 9.824 13.319
2.3% 36.6%
1:00 H 0.223 1.381 8.075 10.948
1:30 M 9.894 3.736 9.698 13.149
2.5% 41.4%
2:00 H 0.243 1.545 8.105 10.989
2:30 M 9.894 3.744 9.491 12.868
2.3% 41.5%
3:00 H 0.229 1.553 8.154 11.055
3:30 M 9.893 2 3% 3.683 36.99 9.240 12.528
4:00 H 0.223 = 1.358 o 8.241 11.173
: E .632 1 12.412
4:30 M 9.894 2.3% 3.63 39.1% 9.155
5:00 H 0.230 1.421 7.982 10.822
5:30 M 9.894 3.616 8.845 11.992
2.1% 35.7%
6:00 H 0.212 1.291 7.765 10.528
6:30 M 9.893 3.601 8.482 11.500
2.3% 42.2%
7:00 H 0.229 1.521 7.322 9.927
: § . .12 11.
7:30 M 9.893 2.9% 3.603 37.2% 8.120 009
8:00 H 0.213 1.342 6.974 9.455
8:30 M 9.894 5 4% 3.593 41.9% 7.860 10.657
9:00 H 0.238 o 1.504 o 6.857 9.297
: R . .642 10.361
9:30 M 9.893 2.3% 3.644 37.5% 7.64; 0.36
10:00 H 0.226 1.367 6.758 9.162
11:00 M 9.894 2.2% 3.661 38.3% 7.381 10.007
12:00 H 0.221 o 1.401 = 6.495 8.806
13:00 M 9.895 2.5% 3.647 41.2% 7.135 9.674
14:00 H 0.247 1.503 6.248 8.471
15: R . . .41
5:00 M 9.894 2.9% 3.707 40.3% 6.943 9.413
16:00 H 0.213 1.493 6.089 8.255
17:00 M 9.895 5 4% 3.678 44.7% 6.670 9.043
18:00 H 0.242 o 1.644 e 5.901 8.001
19:00 M 9.895 2.1% 3.734 37.49% 6.528 8.851
20:00 H 0.208 1.397 5.682 7.704
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.190 Hmax Amplitude (mV): 0.567
Hmax Torque (Nm) 7.149| 9.692614|Hmax Torque (Nm) 9.692614
Mmax Stim Intensity (mA): 45 Mmax Stim Intensity (mA): 45
Mmax Amlitude (mV): 9.892 Mmax Amplitude (mV): 2.861
Mmax Torque (Nm) 7.889| 10.69591| Mimax Torque (Nm) 10.69591

Confirm Hmax
Hmax Stim Intensity (mA):
Hmax Amplitude (mV):
Hmax Torque (Nm)
Gastroc H/M

14
0.208

2.1%

Confirm Hmax
Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV):

7.582| 10.27968| Hmax Torque (Nm)

Soleus H/M
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Subject 20 Session 1 Control
1st
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.893 5.581 8.596 11.654
13.3% 79.3%
0:20 H 1.317 4.425 6.026 8.170
0:30 M 9.895 5.835 8.701 11.797
0, 0,
0:40 H 1.421 14.4% 4.459 76.4% 5.861 7.946
0:50 M 9.896 5.763 8.553 11.596
14.6% 77.0%
1:00 H 1.441 4.437 6.011 8.150
1:30 M 9.893 5.749 8.359 11.333
14.8% 76.8%
2:00 H 1.467 4.415 6.072 8.232
2:30 M 9.893 5.920 8.218 11.142
0, 0,
3:00 H 1.320 13.3% 4.585 77.4% 6.062 8.219
3:30 M 9.895 6.025 8.189 11.103
14.1% 76.3%
4:00 H 1.398 4.596 5.258 7.129
4:30 M 9.893 5.954 8.011 10.861
16.2% 76.2%
5:00 H 1.598 4.539 5.894 7.991
5:30 M 9.894 . . X
14.3% 5.979 75.7% 7.863 10.661
6:00 H 1.415 4.524 5.293 7.176
6:30 M 9.896 6.072 7.855 10.650
0, 0,
7:00 H 1.469 14.8% 4.586 75.5% 4.761 6.455
7:30 M 9.897 15.4% 6.223 73.6% 7.730 10.480
8:00 H 1.527 4.582 4,923 6.675
8:30 M 9.893 6.231 7.566 10.258
12.8% 74.1%
9:00 H 1.266 4.620 5.031 6.821
9:30 M 9.895 6.257 7.640 10.358
12.9% 74.3%
10:00 H 1.273 4.652 5.284 7.164
11:00 M 9.895 6.288 7.582 10.280
15.5% 76.0%
12:00 H 1.531 4.781 4.961 6.726
13:00 M 9.894 13.4% 6.416 78.6% 7.191 9.750
14:00 H 1.323 e 4.788 o 5.136 6.963
15:00 M 9.896 6.502 7.230 9.802
12.7% 72.4%
16:00 H 1.260 4.705 4,934 6.690
17:00 M 9.894 6.438 7.031 9.533
12.6% 72.4%
18:00 H 1.247 4.662 5.302 7.188
19:00 M 9.897 12.7% 6.489 72.9% 7.214 9.781
20:00 H 1.256 4.682 5.533 7.502
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2nd

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.896 5.776 8.209 11.130
12.3% 73.8%
0:20 H 1.218 4.260 6.857 9.297
0:30 M 9.894 6.052 8.418 11.413
14.0% 71.5%
0:40 H 1.385 4.328 6.721 9.112
0:50 M 9.894 6.120 8.428 11.427
13.3% 70.4%
1:00 H 1.316 4.309 6.418 8.702
1: X 971 X 11.
30 M 9.896 14.0% 5.97 73.6% 8.486 505
2:00 H 1.387 4.392 6.738 9.135
2:30 M 9.894 13.5% 6.050 60.1% 8.494 11.516
3:00 H 1.340 4.180 6.283 8.518
3:30 M 9.894 12.9% 6.122 66.9% 8.723 11.827
4:00 H 1.281 4.095 6.832 9.263
4:30 M 9.897 13.0% 5.984 70.6% 8.569 11.618
5:00 H 1.286 4,222 6.296 8.536
5:30 M 9.897 11.7% 6.205 65.9% 8.599 11.659
6:00 H 1.156 4.088 6.601 8.950
6:30 M 9.894 6.136 8.415 11.409
12.2% 70.9%
7:00 H 1.203 0 4.348 0 6.302 8.544
7:30 M 9.896 6.199 8.330 11.294
12.3% 66.1%
8:00 H 1.219 4.099 6.675 9.050
8:30 M 9.894 6.134 7.947 10.775
12.0% 66.5%
9:00 H 1.183 0 4.081 0 6.562 8.897
9:30 M 9.894 . . .
13.4% 6.187 70.4% 7.882 10.686
10:00 H 1.326 4.354 6.098 8.268
11:00 M 9.894 5.983 6.267 8.497
13.3% 72.6%
12:00 H 1.317 i 4.341 i 5.276 7.153
13:00 M 9.893 6.048 7.101 9.628
13.4% 71.5%
14:00 H 1.327 4.322 5.601 7.594
15:00 M 9.894 .1 7.881 10.
13.2% 6.108 67.9% 8 0.685
16:00 H 1.302 4.146 5.559 7.537
17:00 M 9.895 12.5% 6.131 68.8% 7.549 10.235
18:00 H 1.233 7% 4.221 o 5.220 7.077
19:00 M 9.894 13.1% 6.046 20.4% 7.235 9.809
20:00 H 1.301 4.259 5.525 7.491
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 8 Hmax Stim Intensity (mA): 8
Hmax Amplitude (mV): 1.589 Hmax Amplitude (mV): 4.295
Hmax Torque (Nm) 3.697| 5.012393|Hmax Torque (Nm) 5.012393
Mmax Stim Intensity (mA): 22 Mmax Stim Intensity (mA): 22
Mmax Amplitude (mV): 9.892 Mmax Amplitude (mV): 5.317
Mmax Torque (Nm) 5.635| 7.639933|Mmax Torque (Nm) 7.639933
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 8 Hmax Stim Intensity (mA): 8
Hmax Amplitude (mV): 1.385 Hmax Amplitude (mV): 4.133
Hmax Torque (Nm) 5.413| 7.338945|Hmax Torque (Nm) 7.338945
Gastroc H/M 14.0% Soleus H/M 77.7%
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Subject 20 Session 2 Control
1st
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
;1 .894 4.7 3 .
0:10 M 9.89. 11.8% 36 85.4% 6.896 9.350
0:20 H 1.170 4.046 4.317 5.853
: M X .102 7.2 .7
0:30 9.893 13.1% 5.10: 80.7% 05 9.769
0:40 H 1.294 4.118 4.332 5.873
: M .894 .162 7.137 .67
0:50 9.89 13.5% 5.16. 82.5% 3 9.676
1:00 H 1.339 4.257 4.274 5.795
1: M .894 .2 7. 9.57
30 9.89 13.1% 5.233 81 6% 065 579
2:00 H 1.294 4.269 4.800 6.508
2:30 M 9.895 5.158 7.197 9.758
13.7% 81.2%
3:00 H 1.360 4.189 4.670 6.332
3:30 M 9.895 5.437 6.996 9.485
11.9% 77.4%
4:00 H 1.176 4.209 4,541 6.157
4:30 M 9.893 11.1% 5.374 79.8% 6.935 9.402
5:00 H 1.098 4.290 4.599 6.235
5:30 M 9.894 5.562 6.772 9.181
11.2% 80.6%
6:00 H 1.107 4.485 4.624 6.269
: M 9.894 5.565 7.125 9.
6:30 9 11.7% 26 76.7% 660
7:00 H 1.156 4.271 4.264 5.781
7:30 M 9.894 5.736 7.151 9.695
11.8% 79.3%
8:00 H 1.168 4.547 4.357 5.907
8:30 M 9.895 14.5% 5.737 79.9% 7.012 9.507
9:00 H 1.436 4.541 4.336 5.879
9:30 M 9.894 13.9% 5.795 81.4% 6.722 9.114
10:00 H 1.374 4.720 4.216 5.716
11:00 M 9.894 15.9% 5.702 80.2% 6.726 9.119
12:00 H 1.573 o 4.575 o 6.085 8.250
13:00 M 9.894 5.928 6.281 8.516
12.9% 81.8%
14:00 H 1.272 4.848 4.810 6.521
15:00 M 9.894 5.995 6.011 8.150
12.9% 69.7%
16:00 H 1.274 4.176 4.350 5.898
17:00 M 9.894 12.0% 5.244 83.1% 6.007 8.144
18:00 H 1.185 7 4.360 7 4.613 6.254
19:00 M 9.894 13.0% 5.707 80.1% 6.001 8.136
20:00 H 1.284 4.572 4.519 6.127
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2nd

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 5.461 6.917 9.378
0, 0,
0:20 H 1.359 13.7% 4.268 78.2% 5.720 7.755
0:30 M 9.894 5.273 7.392 10.022
14.1% 83.2%
0:40 H 1.391 4.387 5.105 6.921
0:50 M 9.894 5.539 7.694 10.432
10.6% 73.5%
1:00 H 1.047 4.070 4.900 6.643
1:30 M 9.895 5.571 7.735 10.487
12. 0, . 0,
2:00 H 1.269 8% 4.326 77.7% 5.167 7.005
2:30 M 9.894 5.600 7.433 10.078
12.1% 77.5%
3:00 H 1.194 4.341 5.762 7.812
3:30 M 9.894 5.555 7.371 9.994
12.2% 78.0%
4:00 H 1.205 4.334 5.036 6.828
4:30 M 9.895 5.571 7.538 10.220
13.2% 76.7%
5:00 H 1.303 4.272 5.437 7.371
5:30 M 9.895 5.717 7.219 9.788
1 . 10 . 0,
6:00 H 1.396 4.1% 4.342 75.9% 4.836 6.557
6:30 M 9.896 5.736 6.614 8.967
9.7% 77.0%
7:00 H 0.956 4.419 4.720 6.399
7:30 M 9.895 5.896 7.155 9.701
10.7% 74.3%
8:00 H 1.063 4.383 5.238 7.102
8:30 M 9.895 5.954 6.718 9.108
9.6% 72.8%
9:00 H 0.948 4.336 4.869 6.601
9:30 M 9.894 6.066 6.532 8.856
0, 0,
10:00 H 1.089 11.0% 4.529 74.7% 4.677 6.341
11:00 M 9.895 5.487 7.257 9.839
12.1% 79.0%
12:00 H 1.202 4.333 4.626 6.272
13:00 M 9.894 5.754 6.603 8.952
10.8% 75.2%
14:00 H 1.072 4.328 4.443 6.024
15:00 M 9.894 9.0% 5.903 73.0% 6.345 8.603
16:00 H 0.890 P 4.309 P 4.532 6.144
17:00 M 9.894 5.489 6.201 8.407
12.7% 78.6%
18:00 H 1.253 i 4316 i 4.657 6.314
19:00 M 9.894 11.2% 5.695 76.6% 6.119 8.296
20:00 H 1.104 4.363 4,525 6.135
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 10 Hmax Stim Intensity (mA): 10
Hmax Amplitude (mV): 1.374 Hmax Amplitude (mV): 4.016
Hmax Torque (Nm) 5.781| 7.83788|Hmax Torque (Nm) 7.83788
Mmax Stim Intensity (mA): 45 Mmax Stim Intensity (mA): 45
Mmax Amlitude (mV): 9.892 Mmax Amplitude (mV): 5.191
Mmax Torque (Nm) 7.741| 10.49525| Mmax Torque (Nm) 10.49525
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 8 Hmax Stim Intensity (mA): 8
Hmax Amplitude (mV): 1.432 Hmax Amplitude (mV): 4.140
Hmax Torque (Nm) 5.218| 7.074564| Hmax Torque (Nm) 7.074564
Gastroc H/M 14.5% Soleus H/M 79.8%
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Subject 21 Session 1 Treatment order: SMT, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
;1 M . .017 13. 18.112
0:10 9.339 5.7% 5.0 77.8% 3.359 8
0:20 H 0.533 3.903 4.091 5.547
: M .894 2 14.1 19.1
0:30 9.89. 4.8% 5.253 57.6% 38 9.168
0:40 H 0.470 3.026 3.894 5.279
: M . i 14.27 19.347
0:50 9.893 5.2% 5.135 70.0% 0 9.3
1:00 H 0.515 3.592 4.162 5.643
1: M .894 .067 14.2 19.361
30 9.89 5.9% 5.06 75 2% 80 9.36
2:00 H 0.512 3.808 4.502 6.104
2:30 M 9.894 5.033 14.079 19.088
5.0% 78.7%
3:00 H 0.499 3.963 4.676 6.340
3:30 M 9.894 5.126 13.938 18.897
5.3% 76.9%
4:00 H 0.526 3.941 4.324 5.862
4:30 M 9.894 5.301 13.697 18.570
3.9% 76.9%
5:00 H 0.390 4.079 4.524 6.134
5:30 M 9.894 5.386 13.279 18.004
3.4% 73.2%
6:00 H 0.333 3.940 4.170 5.654
6:30 M 9.896 5.292 13.020 17.653
3.8% 76.2%
7:00 H 0.374 4.035 4.433 6.010
7:30 M 9.894 5.303 12.620 17.110
4.8% 77.1%
8:00 H 0.472 4.089 4.275 5.796
8:30 M 9.894 5.255 12.438 16.863
4.5% 77.8%
9:00 H 0.449 4.090 4.276 5.797
9:30 M 9.895 5.262 12.145 16.466
5.1% 78.2%
10:00 H 0.501 4.114 3.994 5.415
11:00 M 9.894 5.098 11.852 16.069
4.6% 79.5%
12:00 H 0.457 4.052 4.506 6.109
13: . . 11. 15.51
3:00 M 9.895 2.7% 5.395 75.4% 440 5.510
14:00 H 0.263 4.066 4.858 6.586
15: M .894 421 11.077 15.01
5:00 9.89. 5.0% 5 73.5% 0 5.018
16:00 H 0.580 3.986 4.129 5.598
17: M . A4 10.972 14.87!
00 9.895 5.3% 5.430 78.1% 0.9 876
18:00 H 0.522 4.025 4.291 5.818
19:00 M 9.894 5 0% 5.541 71.3% 10.881 14.752
20:00 H 0.579 3.952 3.954 5.361
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 22 Hmax Stim Intensity (mA): 22
Hmax Amplitude (mV): 0.462 Hmax Amplitude (mV): 3.004
Hmax Torque (Nm) 3.598| 4.878168|Hmax Torque (Nm) 4.878168
Mmax Stim Intensity (mA): 45 Mmax Stim Intensity (mA): 45
Mmax Amplitude (mV): 9.892 Mmax Amplitude (mV): 4.555
Mmax Torque (Nm) 9.852| 13.35734|Mmax Torque (Nm) 13.35734
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 22 Hmax Stim Intensity (mA): 22
Hmax Amplitude (mV): 0.407 Hmax Amplitude (mV): 2.607
Hmax Torque (Nm) 2.373| 3.217313|Hmax Torque (Nm) 3.217313
Gastroc H/M 4.1% Soleus H/M 57.2%
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Subject 21 Session 2 Treatment order: SMT, no MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.893 6.2% 3.539 30,09 13.582 18.414
0:20 H 0.610 e 1.061 - 8.367 11.344
0:30 M 9.894 3.646 14.373 19.487
6.5% 33.4%

0:40 H 0.643 1.216 8.242 11.175

0:50 M 9.894 3.894 14.296 19.383
7.0% 34.1%

1:00 H 0.688 1.326 8.367 11.344

1:30 M 9.894 3.545 14.239 19.305
6.7% 38.5%

2:00 H 0.663 1.365 8.314 11.272

2:30 M 9.894 4.006 14.364 19.475
6.7% 41.2%

3:00 H 0.663 1.652 8.841 11.987

3:30 M 9.894 3.667 14.470 19.618
6.8% 40.6%

4:00 H 0.675 1.489 7.768 10.532

4:30 M 9.894 3.47 13.656 18.515
7.2% 54.1%

5:00 H 0.716 1.878 8.978 12.172

5:30 M 9.895 3.639 13.763 18.660
7.1% 53.8%

6:00 H 0.704 1.956 8.590 11.646

6:30 M 9.894 3.66 13.764 18.661
7.7% 41.1%

7:00 H 0.765 1.504 7.928 10.749

7:30 M 9.894 7.5% 3.505 58.3% 13.411 18.183

8:00 H 0.739 =7 2.044 = 8.553 11.596

8:30 M 9.895 3.869 13.392 18.157
7.1% 46.9%

9:00 H 0.706 1.814 8.447 11.452

: M .894 .564 13.257 17.974

9:30 9.89 7.1% 3.56 54.5% 3.25 9

10:00 H 0.698 1.944 8.419 11.414

11:00 M 9.894 7.5% 3.402 60.3% 13.129 17.800

12:00 H 0.739 =7 2.05 = 8.370 11.348

13:00 M 9.894 3.367 13.140 17.815
7.1% 56.8%

14:00 H 0.698 1.911 7.842 10.632

15:00 M 9.894 3.715 12.791 17.342
7.4% 54.6%

16:00 H 0.736 2.027 8.943 12.125

17: M .894 . 13.104 17.71

00 9.89 7.9% 3.585 56.3% 3.10 66

18:00 H 0.717 2.02 8.360 11.334

19:00 M 9.894 7.3% 3.883 46.0% 13.226 17.932

20:00 H 0.727 1.786 8.417 11.412

Gastroc Soleus

Recruitment Curve Recruitment Curve

Hmax Stim Intensity (mA): 24 Hmax Stim Intensity (mA): 24

Hmax Amplitude (mV): 0.602 Hmax Amplitude (mV): 1.209

Hmax Torque (Nm) 8.000| 10.8464(Hmax Torque (Nm) 10.8464

Mmax Stim Intensity (mA): 45 Mmax Stim Intensity (mA): 45

Mmax Amlitude (mV): 9.893 Mmax Amplitude (mV): 3.486

Mmax Torque (Nm) 11.976( 16.23706 Mmax Torque (Nm) 16.23706

Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 26 Hmax Stim Intensity (mA): 26

Hmax Amplitude (mV): 0.692 Hmax Amplitude (mV): 1.786

Hmax Torque (Nm) 8.386| 11.36974| Hmax Torque (Nm) 11.36974

Gastroc H/M 7.0% Soleus H/M 51.2%
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Subject 21 Session 3 Treatment order: 60 s rest, MVIC, H/M
Time (min)[ H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.893 5.6% 3.977 75.9% 18.860 25.570
0:20 H 0.558 o7 3.019 o 8.573 11.623
0:30 M 9.893 3.930 17.779 24.105
.09 73.39
0:40 H 0.594 6.0% 2.882 3.3% 8.424 11.421
0:50 M 9.893 4.072 17.049 23.115
6.2% 75.7%
1:00 H 0.611 3.084 8.700 11.795
1:30 M 9.894 6.2% 4.235 73.1% 16.436 22.284
2:00 H 0.616 o 3.094 - 8.709 11.808
2:30 M 9.893 4.224 16.260 22.045
6.5% 75.2%
3:00 H 0.642 3.178 8.694 11.787
3:30 M 9.893 4.174 15.971 21.653
6.3% 74.8%
4:00 H 0.619 3.121 8.356 11.329
4:30 M 9.894 4.040 15.226 20.643
6.5% 79.8%
5:00 H 0.640 3.225 8.187 11.100
5:30 M 9.893 4.073 14.530 19.700
6.4% 80.5%
6:00 H 0.638 3.279 7.747 10.503
6:30 M 9.893 6.6% 4.052 77.3% 14.361 19.471
7:00 H 0.657 o7 3.132 = 7.764 10.526
7:30 M 9.893 4.142 13.884 18.824
6.2% 78.2%
8:00 H 0.614 3.241 7.478 10.139
8:30 M 9.894 4.238 13.465 18.256
6.0% 77.0%
9:00 H 0.593 3.264 7.295 9.891
9:30 M 9.893 6.4% 3.928 84.9% 12.820 17.381
10:00 H 0.630 P 3.336 o 7.359 9.977
11:00 M 9.893 6.3% 4.204 80.69 12.472 16.910
12:00 H 0.625 = 3.387 e 7.051 9.560
13:00 M 9.894 3.999 12.073 16.369
5.5% 82.9%
14:00 H 0.545 3.317 6.975 9.457
15:00 M 9.894 4,331 11.579 15.699
6.2% 77.1%
16:00 H 0.618 3.341 6.402 8.680
17:00 M 9.894 4.178 11.201 15.186
6.0% 80.1%
18:00 H 0.598 3.348 6.301 8.543
19:00 M 9.894 6.1% 4.174 79.9% 10.899 14.777
20:00 H 0.601 3.334 5.989 8.120
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 26 Hmax Stim Intensity (mA): 26
Hmax Amplitude (mV): 0.558 Hmax Amplitude (mV): 2.348
Hmax Torque (Nm) 7.277| 9.866157|Hmax Torque (Nm) 9.866157
Mmax Stim Intensity (mA): 50 Mmax Stim Intensity (mA): 50
Mmax Amlitude (mV): 9.891 Mmax Amplitude (mV): 2.747
Mmax Torque (Nm) 11.632| 15.77067| Mmax Torque (Nm) 15.77067
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 24 Hmax Stim Intensity (mA): 24
Hmax Amplitude (mV): 0.552 Hmax Amplitude (mV): 2.426
Hmax Torque (Nm) 6.119] 8.29614|Hmax Torque (Nm) 8.29614
Gastroc H/M 5.6% Soleus H/M 88.3%
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Subject 22 Session 1 Treatment order: SMT, no MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 8.089 6.623 8.979
1.8% 9.5%
0:20 H 0.180 0.772 2.806 3.804
0:30 M 9.893 8.194 6.114 8.289
2.1% 11.3%
0:40 H 0.210 0.924 2.475 3.356
0:50 M 9.893 4.6% 8.621 31.9% 11.196 15.180
1:00 H 0.457 o7 2.748 o 5.302 7.188
1:30 M 9.893 4.0% 7.665 37.6% 9.584 12.994
2:00 H 0.433 o 2.880 7 5.018 6.803
2:30 M 9.893 3.3% 7.625 25.3% 9.787 13.269
3:00 H 0.323 = 1.929 = 3.980 5.396
3:30 M R 7. 477 11.4
3 9.893 5.2% 868 30.8% 8 93
4:00 H 0.513 3.133 4.554 6.174
4:30 M 9.896 7.208 9.465 12.833
5.0% 48.1%
5:00 H 0.496 3.465 4.736 6.421
5:30 M 9.893 7.489 8.847 11.995
4.6% 36.5%
6:00 H 0.453 2.736 4.274 5.795
6:30 M 9.893 7.401 8.581 11.634
4.8% 37.7%
7:00 H 0.473 2.787 5.384 7.300
7:30 M 9.893 7.220 8.211 11.132
4.0% 28.1%
8:00 H 0.399 2.032 5.315 7.206
8:30 M 9.893 7.314 8.591 11.648
4.2% 32.1%
9:00 H 0.415 2.347 5.156 6.991
9:30 M 9.893 7.662 10.650 14.439
3.9% 31.8%
10:00 H 0.382 2.436 4,989 6.764
11:00 M 9.894 7.948 7.969 10.804
4.3% 32.8%
12:00 H 0.422 2.606 4.906 6.652
13:00 M 9.896 7.993 8.281 11.227
3.8% 29.6%
14:00 H 0.380 2.365 5.443 7.380
15:00 M 9.893 7.785 8.405 11.395
3.4% 25.6%
16:00 H 0.332 1.992 5.554 7.530
17:00 M 9.893 7.168 8.298 11.250
3.7% 26.1%
18:00 H 0.367 1.873 5.574 7.557
19:00 M 9.893 3.8% 7.477 27.8% 8.333 11.298
20:00 H 0.375 2.077 4.801 6.509
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 12 Hmax Stim Intensity (mA): 12
Hmax Amplitude (mV): 0.659 Hmax Amplitude (mV): 3.471
Hmax Torque (Nm) 1.971( 2.672282|Hmax Torque (Nm)
Mmax Stim Intensity (mA): 55 Mmax Stim Intensity (mA): 55
Mmax Amplitude (mV): 9.892 Mmax Amplitude (mV): 5.945
Hmax Torque (Nm) 7.128| 9.664142|Mmax Torque (Nm)
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.591 Hmax Amplitude (mV): 3.409
Hmax Torque (Nm) 4.965| 6.731547|Hmax Torque (Nm)
Gastroc H/M 6.0% Soleus H/M 57.3%
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Subject 22 Session 2 Treatment order: 60 s rest, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9.895 8.487 9.479 12.852
3.4% 43.7%
0:20 H 0.336 3.709 4.452 6.036
0:30 M 9.894 3.3% 9.828 38.59 9.414 12.764
0:40 H 0.331 = 3.782 =7 5.121 6.943
0:50 M 9.894 4.2% 9.577 50.6% 9.841 13.342
1:00 H 0.411 o 4.842 e 4.737 6.422
1:30 M 9.895 4.2% 8.280 56.0% 9.557 12.957
2:00 H 0.412 o 4.636 - 5.010 6.793
2:30 M 9.894 8.752 9.581 12.990
0, 0,
3:00 H 0.457 4.6% 4.963 26.7% 5.011 6.794
3:30 M 9.894 9.391 9.608 13.027
3.8% 44.4%
4:00 H 0.380 4.169 5.029 6.818
: E X .62 13.052
4:30 M 9.894 2.0% 9.553 25.1% 9.627 3.05
5:00 H 0.242 2.395 4.076 5.526
: R X R 13.
5:30 M 9.894 4.0% 9.645 43.3% 9.935 3.470
6:00 H 0.393 4,181 5.097 6.911
6:30 M 9.894 4.2% 9.632 45.1% 10.144 13.753
7:00 H 0.415 o 4.346 7 4.774 6.473
7:30 M 9.895 41% 9.669 44.8% 9.596 13.010
8:00 H 0.409 7 4.334 0 4.881 6.618
8:30 M 9.893 41% 8.739 46.4% 9.255 12.548
9:00 H 0.401 o 4.051 i 4.827 6.544
: M R .552 R 12.2
9:30 9.893 3.9% 9.55 38.2% 9.003 06
10:00 H 0.383 3.652 4.959 6.723
11:00 M 9.894 8.501 9.181 12.448
3.5% 43.2%
12:00 H 0.345 3.670 4.058 5.502
13: . .072 X 11.461
3:00 M 9.894 3.6% 9.07 43.6% 8.453 46
14:00 H 0.355 3.957 4.625 6.271
15:00 M 9.893 8.455 9.194 12.465
4.5% 52.0%
16:00 H 0.449 4.395 4.599 6.235
17:00 M 9.893 9.192 8.530 11.565
18:00 H 0.339 34% 3.844 41.8% 4.378 5.936
19:00 M 9.894 41% 8.056 51 8% 8.551 11.593
20:00 H 0.410 4.171 4.476 6.069
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.379 Hmax Amplitude (mV): 3.580
Hmax Torque (Nm) 2.252| 3.053262|Hmax Torque (Nm) 3.053262
Mmax Stim Intensity (mA): 50 Mmax Stim Intensity (mA): 50
Mmax Amlitude (mV): 9.891 Mmax Amplitude (mV): 6.637
Mmax Torque (Nm) 7.753] 10.51152(NMmax Torque (Nm) 10.51152
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.398 Hmax Amplitude (mV): 4.042
Hmax Torque (Nm) 5.083| 6.891531|Hmax Torque (Nm) 6.891531
Gastroc H/M 4.0% Soleus H/M 60.9%
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Subject 22 Session 3 Treatment order: SMT, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.895 3.9% 9.282 26.0% 9.509 12.892
0:20 H 0.320 o 2.411 - 4.691 6.360
0:30 M 9.894 9.211 9.716 13.173

4.2% 35.2%
0:40 H 0.417 3.246 5.160 6.996
0:50 M 9.895 4.6% 8.937 41.3% 10.181 13.803
1:00 H 0.452 3.687 5.315 7.206
1:30 M 9.893 8.856 9.473 12.843
4.6% 38.3%
2:00 H 0.452 3.388 5.561 7.540
2:30 M 9.894 4.3% 8.823 34.8% 10.473 14.199
3:00 H 0.429 = 3.073 o 5.880 7.972
3:30 M 9.894 9.157 10.156 13.770
4.4% 39.0%
4:00 H 0.431 3.570 5.819 7.889
4:30 M 9.895 8.933 9.404 12.750
4.4% 38.8%
5:00 H 0.438 3.463 5.648 7.658
5: M .894 .12 .871 13.38
30 9.89. 4.1% 9.120 34.3% 9.8 3.383
6:00 H 0.404 3.132 4.520 6.128
6:30 M 9.894 8.828 8.806 11.939
4.4% 34.5%
7:00 H 0.431 3.048 5.056 6.855
7:30 M 9.895 8.967 8.975 12.168
3.6% 27.9%
8:00 H 0.356 2.498 4.637 6.287
8:30 M 9.894 4.09 8.866 37.59 9.102 12.340
9:00 H 0.398 - 3.324 7 5.353 7.258
9:30 M 9.893 8.863 8.660 11.741
4.2% 35.5%
10:00 H 0.420 3.146 4.547 6.165
11:00 M 9.895 9.037 8.603 11.664
3.4% 27.0%
12:00 H 0.340 2.444 5.235 7.098
13:00 M 9.894 9.045 8.377 11.358
4.0% 29.3%
14:00 H 0.395 2.654 5.579 7.564
15:00 M 9.894 9.435 8.586 11.641
3.6% 26.3%
16:00 H 0.353 2.477 4.889 6.629
17:00 M 9.896 4.5% 9.178 34.4% 9.207 12.483
18:00 H 0.448 =7 3.158 i 4.839 6.561
19:00 M 9.895 4.5% 8.714 36.1% 8.096 10.977
20:00 H 0.448 3.146 4.775 6.474

Gastroc Soleus

Recruitment Curve Recruitment Curve

Hmax Stim Intensity (mA): 20 Hmax Stim Intensity (mA): 20

Hmax Amplitude (mV): 0.390 Hmax Amplitude (mV): 3.147

Hmax Torque (Nm) 4.549| 6.167534|Hmax Torque (Nm) 6.167534

Mmax Stim Intensity (mA): 55 Mmax Stim Intensity (mA): 55

Mmax Amlitude (mV): 9.892 Mmax Amplitude (mV): 9.061

Mmax Torque (Nm) 8.483| 11.50125|Mmax Torque (Nm) 11.50125

Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 18 Hmax Stim Intensity (mA): 18

Hmax Amplitude (mV): 0.393 Hmax Amplitude (mV): 3.597

Hmax Torque (Nm) 5.279( 7.157268|Hmax Torque (Nm) 7.157268

Gastroc H/M 4.0% Soleus H/M 39.7%
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Subject 23 Session 1 Treatment order: 60's rest, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M |Torque (ft Ibs)| Torque (Nm)
0:10 M 9,893 9.1% 4,595 50.1% 10.817 14.666
0:20 H 0.899 o 2.301 o 7.785 10.555
0:30 M 9,893 4.226 11.243 15.243
.19 .69
0:40 H 0.904 9.1% 2.394 56.6% 7.872 10.673
0:50 M 9,894 4,574 11.003 14.918
.29 4.69
1:00 H 0.907 9.2% 2.498 54.6% 7.930 10.751
1:30 M 9,893 979 4,845 52,49 10.771 14.603
2:00 H 0.960 e 2.538 i 8.156 11.058
2:30 M 9,893 1079 4.736 53,79 10.878 14.748
3:00 H 1.058 P 2.544 e 8.097 10.978
3:30 M 9,893 11,09 4.980 47,45 10.728 14.545
4:00 H 1.088 - 2.363 P 7.882 10.686
4:30 ™M 9.896 11.8% 3.722 €3.2% 10.343 14.023
5:00 H 1.167 e 2.351 e 8.043 10.905
5:30 ™M 9.895 12.1% 5.434 43.5% 9.973 13.521
6:00 H 1.19 = 2.363 =7 7.623 10.335
6:30 M 9.893 12.25% 4.927 53.3% 10.034 13.604
7:00 H 1.203 e 2.624 = 7.780 10.548
7:30 M 9,893 11.8% 4.798 50.1% 9.944 13.482
8:00 H 1172 el 2.403 o 7.809 10.587
8:30 M 9.893 120 4.405 61.5% 9.427 12.781
9:00 H 1.192 s 2.711 =7 7.542 10.225
9:30 M 9.893 11.9% 4.301 61.3% 9.334 12.655
10:00 H 1.180 o 2.636 = 6.972 9.453
11:00 M 9,893 13.5% 4,889 51 5% 8.953 12.138
12:00 H 1.340 7 2.516 7 7.269 9.855
13:00 M 9,894 069 4.175 18.6% 8.952 12.137
14:00 H 0.954 o 2.030 e 6.227 8.443
15:00 M 9,893 12.2% 4,382 55.% 6.889 9,340
16:00 H 1.211 o 2.419 e 6.866 9.309
17:00 M 9,893 1289 4,267 c0.6% 8.654 11.733
18:00 H 1.270 sl 2.587 e 6.673 9.047
19:00 M 9,893 12.6% 4.275 58.0% 8.714 11.814
. 0 . (]
20:00 H 1.242 2.478 6.973 9.454
Gatroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 24 Hmax Stim Intensity (mA): 24
Hmax Amplitude (mV): 0.901 Hmax Amplitude (mV): 2.660
Hmax Torque (Nm) 7.987| 10.82877|Hmax Torque (Nm) 10.82877
Mmax Stim Intensity (mA): 65 Mmax Stim Intensity (mA): 65 100
Mmax Amplitude (mV): 9.893 Mmax Amplitude (mV): 4.798 6.437
Mmax Torque (Nm) 10.160| 13.77493| Mmax Torque (Nm) 13.77493
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 22 Hmax Stim Intensity (mA): 22 24
Hmax Amplitude (mV): 0.870 Hmax Amplitude (mV): 2.832 2.85
Hmax Torque (Nm) 8.476| 11.49176|Hmax Torque (Nm) 11.49176
Gastroc H/M 8.8% Soleus H/M 59.0%
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Subject 23 Session 2 Treatment order: SMT, no MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 4.670 12.178 16.511

7.2% 60.0%
0:20 H 0.709 2.802 9.380 12.717
0:30 M 9.895 4.710 12.410 16.825
7.6% 70.7%
0:40 H 0.754 3.331 9.451 12.814
0:50 M 9.893 7.9% 5.198 68.4% 12.359 16.756
1:00 H 0.780 =P 3.558 i 9.567 12.971
1:30 M 9.894 4.691 . .
8.1% 77.9% 12.197 16.537
2:00 H 0.804 3.656 9.857 13.364
2:30 M 9.894 8.3% 5.847 63.1% 11.810 16.012
3:00 H 0.824 = 3.689 = 9.896 13.417
3:30 M 9.896 .1 11.84! 16.
8.0% 2105 68.0% 845 6.059
4:00 H 0.788 3.469 8.984 12.181
4:30 M 9.894 4.954 11.425 15.490
8.4% 78.1%
5:00 H 0.829 3.869 9.701 13.153
5:30 M 9.894 5.010 11.441 15.512
8.6% 72.2%
6:00 H 0.852 3.615 9.863 13.372
6:30 M 9.894 8.5% 4.940 70.1% 11.321 15.349
7:00 H 0.837 =7 3.659 7 9.848 13.352
7:30 M 9.895 6.053 11.202 15.188
8.2% 59.1%
8:00 H 0.811 3.578 9.837 13.337
8:30 M 9.895 5.296 11.292 15.310
9.1% 71.7%
9:00 H 0.901 3.796 9.824 13.319
9:30 M 9.893 7.8% 5.443 64.6% 11.116 15.071
10:00 H 0.776 3.515 9.509 12.892
11:00 M 9.893 4.904 11.044 14.973
8.4% 76.6%
12:00 H 0.833 3.758 9.455 12.819
13:00 M 9.894 4.739 11.113 15.067
8.4% 75.6%
14:00 H 0.835 3.583 9.579 12.987
15:00 M 9.894 5.548 10.894 14.770
8.8% 69.1%
16:00 H 0.866 3.831 9.298 12.606
17:00 M 9.896 8.5% 5.309 70.1% 10.689 14.492
18:00 H 0.845 7 3.724 7 9.265 12.561
19:00 M 9.894 8.6% 5.199 70.8% 10.870 14.738
20:00 H 0.851 3.682 9.281 12.583
Gastroc Soleus

Recruitment Curve

Hmax Stim Intensity (mA):

Hmax Amplitude (mV):
Hmax Torque (Nm)
Mmax Stim Intensity (mA):
Mmax Amlitude (mV):

Mmax Torque (Nm)

Confirm Hmax

Hmax Stim Intensity (mA):
Hmax Amplitude (mV):
Hmax Torque (Nm)
Gastroc H/M

Recruitment Curve

28 Hmax Stim Intensity (mA):
0.787 Hmax Amplitude (mV):
10-985 Hmax Torque (Nm)

55 Mmax Stim Intensity (mA):
9.893 Mmax Amlitude (mV):

12.732] 17.26205|Mmax Torque (Nm)

Confirm Hmax

28 Hmax Stim Intensity (mA):
0.763 Hmax Amplitude (mV):
11.100 Hmax Torque (Nm)
7.7% Soleus H/M
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55 100
4.513 9.893
17.26205

28 30

3.163 3.321
15.04938
70.1%



Subject 23 Session 3 Treatment order: SMT, MVIC, H/M
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.893 5.166 10.596 14.366
.29 .39
0:20 H 0.515 >2% 1.874 36.3% 8.544 11.584
0:30 M 9.894 5.09 4.641 3969 10.518 14.260
0:40 H 0.495 e 1.837 o7 8.606 11.668
0:50 M 9.894 4.5% 3.501 16.89 10.224 13.862
1:00 H 0.447 7 1.640 0 8.588 11.644
1:30 M 9.895 4.1% 5.704 20.1% 10.014 13.577
2:00 H 0.403 1.662 8.623 11.691
2:30 M 9.894 4.0% 3.644 44.1% 9.968 13.515
3:00 H 0.434 1.606 8.639 11.713
3:30 M 9.896 3.7% 4.769 31.8% 9.926 13.458
4:00 H 0.368 e 1.518 0 8.459 11.469
4:30 M 9.893 4.624 9.640 13.070
3.9% 32.8%
5:00 H 0.387 1.515 8.189 11.103
5:30 M 9.894 3.291 9.352 12.679
4.5% 43.6%
6:00 H 0.441 1.436 8.037 10.897
6:30 M 9.893 4.5% 4.619 30.0% 7.633 10.349
7:00 H 0.444 1.571 7.590 10.291
7:30 M 9.893 5.278 9.179 12.445
4.8% 29.9%
8:00 H 0.476 ’ 1.576 ’ 7.955 10.785
8:30 M 9.893 3.525 9.168 12.430
4.3% 44.1%
9:00 H 0.426 1.553 8.025 10.880
9:30 M 9.893 4.415 9.132 12.381
4.9% 32.2%
10:00 H 0.488 1.421 7.717 10.463
11:00 M 9.893 4.89 4.251 35.3% 9.004 12.208
12:00 H 0.470 =0 1.500 = 7.828 10.613
13:00 M 9.894 3.281 8.853 12.003
4.5% 42.0%
14:00 H 0.441 1.377 7.377 10.002
15:00 M 9.895 3.430 8.418 11.413
4.5% 35.7%
16:00 H 0.443 1.226 7.253 9.834
17:00 M 9.895 3.500 8.529 11.564
3.8% 37.4%
18:00 H 0.380 1.308 7.141 9.682
19:00 M 9.896 4.5% 3.643 39.1% 8.292 11.242
20:00 H 0.450 1.423 7.117 9.649
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 30 Hmax Stim Intensity (mA): 30
Hmax Amplitude (mV): 0.75 Hmax Amplitude (mV): 2.556
Hmax Torque (Nm) 9.450( 12.81231|Hmax Torque (Nm) 12.81231
Mmax Stim Intensity (mA): 60 Mmax Stim Intensity (mA): 60
Mmax Amlitude (mV): 9.891 Mmax Amlitude (mV): 4.534
Mmax Torque (Nm) 11.485| 15.57136| Mmax Torque (Nm) 15.57136
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 28 Hmax Stim Intensity (mA): 28
Hmax Amplitude (mV): 0.599 Hmax Amplitude (mV): 2.873
Hmax Torque (Nm) 10.752| 14.57756|Hmax Torque (Nm) 14.57756
Gastroc H/M 6.1% Soleus H/M 63.4%
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Subject 24 Session 1 Treatment order: 60 s rest, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 7.0% 5.928 54.0% 6.438 8.729
0:20 H 0.690 3.2 4.852 6.578
0:30 M 9.893 7 8% 6.31 51.4% 7.346 9.960
0:40 H 0.776 3.245 5.008 6.790
0:50 M 9.894 7.9% 6.434 53.9% 7.099 9.625
1:00 H 0.711 3.465 5.015 6.799
1:30 M 9.893 7.7% 5.924 54.0% 7.562 10.253
2:00 H 0.761 3.201 4.836 6.557
2:30 M 9.893 8.2% 6.278 58.5% 7.172 9.724
3:00 H 0.810 3.672 5.352 7.256
3:30 M 9.894 7.0% 6.321 57.5% 7.234 9.808
4:00 H 0.732 3.635 5.380 7.294
4:30 M 9.893 7.7% 6.877 53.0% 7.264 9.849
5:00 H 0.761 3.642 5.255 7.125
5:30 M 9.898 7.9% 6.335 56.4% 6.937 9.405
6:00 H 0.717 3.57 5.044 6.839
6:30 M 9.895 8.3% 6.606 56.6% 6.161 8.353
7:00 H 0.818 3.737 4.915 6.664
7:30 M 9.894 8.0% 6.67 57.3% 6.311 8.556
8:00 H 0.787 3.822 4.806 6.516
8:30 M 9.893 6.9% 7.802 45.8% 5.913 8.017
9:00 H 0.679 3.57 4,904 6.649
9:30 M 9.898 9.893 5.871 7.960
10:00 H 0.711 7-2% 3.575 36.1% 4.909 6.656
11:00 M 9.893 75% 7.874 15.8% 5.895 7.992
12:00 H 0.739 3.61 4.517 6.124
13:00 M 9.894 7.6% 9.894 36.7% 5.572 7.555
14:00 H 0.756 3.636 4.181 5.669
15:00 M 9.893 9.894 5.002 6.782
16:00 H 0.686 6.9% 3.577 36.2% 4.600 6.237
17:00 M 9.893 9.894 5.136 6.963
18:00 H 0.790 8.0% 3.642 36.8% 4.429 6.005
19:00 M 9.893 6.6% 9.898 35.6% 5.166 7.004
20:00 H 0.651 3.528 4.352 5.900

Gastroc Soleus

Recruitment Curve Recruitment Curve

Hmax Stim Intensity (mA): 18 Hmax Stim Intensity (mA): 18

Hmax Amplitude (mV): 0.575 Hmax Amplitude (mV): 2.586

Hmax Torque (Nm) 5.394{ 7.313185| Hmax Torque (Nm) 7.313185

Mmax Stim Intensity (mA): 55 Mmax Stim Intensity (mA): 55

Mmax Amplitude (mV): 9.895 Mmax Amplitude (mV): 4.670

Mmax Torque (Nm) 6.461 Mmax Torque (Nm) 8.759824

Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14

Hmax Amplitude (mV): 0.507 Hmax Amplitude (mV): 2.591

Hmax Torque (Nm) 5.897 Hmax Torque (Nm) 7.995153

Gastroc H/M 5.10% Soleus H/M 55.50%
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Subject 24 Session 2 Treatment order: SMT, no MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
il X X R 13.1.
0:10 M 9.893 5.4% 4,588 55.7% 9.695 3.144
0:20 H 0.534 2.554 9.199 12.472
0:30 M 9.893 4.585 10.325 13.999
4.2% 57.1%
0:40 H 0.413 2.616 8.893 12.057
: M X 4.232 10.042 13.61
0:50 9.893 2.0% 3 60.7% 0.0 3.615
1:00 H 0.399 2.568 8.903 12.071
1:30 M 9.893 4.663 9.896 13.417
4.1% 57.9%
2:00 H 0.404 2.700 7.103 9.630
2:30 M 9.893 4.6% 4.422 63.7% 7.313 9.915
3:00 H 0.460 o7 2.818 e 6.830 9.260
3:30 M 9.895 5.077 6.800 9.219
5.1% 59.8%
4:00 H 0.502 3.034 6.564 8.899
4:30 M 9.896 4.9% 4,998 60.3% 6.749 9.150
5:00 H 0.488 o 3.015 = 5.990 8.121
5:30 M 9.894 5.134 6.132 8.314
4.6% 61.0%
6:00 H 0.460 3.131 5.426 7.357
6:30 M 9.895 4.0% 5.250 40.8% 6.034 8.181
7:00 H 0.440 o 2.141 o 5.810 7.877
7:30 M 9.893 5.218 5.783 7.841
5.7% 64.5%
8:00 H 0.560 3.368 5.219 7.076
8:30 M 9.895 4.6% 5.394 57.9% 5.503 7.461
9:00 H 0.451 o7 3.121 o 5.368 7.278
9:30 M 9.893 5.113 5.379 7.293
4.9% 43.4%
10:00 H 0.481 2.218 4.497 6.097
11:00 M 9.895 5.493 5.155 6.989
5.6% 64.2%
12:00 H 0.558 3.525 4.784 6.486
13:00 M 9.894 5.371 4.977 6.748
6.0% 73.1%
14:00 H 0.593 3.925 4.630 6.277
15:00 M 9.893 6.4% 5.354 72.9% 4.524 6.134
16:00 H 0.638 e 3.903 o 4.124 5.591
17.00 M 9.893 5.597 4.377 5.934
6.6% 65.7%
18:00 H 0.652 3.675 3.588 4.865
19:00 M 9.894 5.8% 5.458 61.6% 4.266 5.784
20:00 H 0.570 3.362 3.529 4.785
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 14 Hmax Stim Intensity (mA): 14
Hmax Amplitude (mV): 0.845 Hmax Amplitude (mV): 2.608
Hmax Torque (Nm) 5.557| 7.534181|Hmax Torque (Nm) 7.534181
Mmax Stim Intensity (mA): 50 Mmax Stim Intensity (mA): 50
Mmax Amlitude (mV): 9.891 Mmax Amplitude (mV): 3.955
Mmax Torque (Nm) 9.115[ 12.35812|Mmax Torque (Nm) 12.35812
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 16 Hmax Stim Intensity (mA): 16
Hmax Amplitude (mV): 0.811 Hmax Amplitude (mV): 2.692
Hmax Torque (Nm) 6.711( 9.098774|Hmax Torque (Nm) 9.098774
Gastroc H/M 8.2% Soleus H/M 68.1%
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Subject 24 Session 3 Treatment order: SMT, MVIC, H/M

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.895 5.0% 8.290 11.5% 7.267 9.853
0:20 H 0.492 - 0.950 7 4.946 6.706
0:30 M 9.893 8.118 9.728 13.189

6.4% 18.0%
0:40 H 0.631 1.460 7.689 10.425
0:50 M 9.893 7.9% 9.001 14.9% 10.190 13.816
1:00 H 0.717 7 1.338 o 6.969 9.449
1:30 M 9.895 8.0% 9.896 16.2% 9.160 12.419
2:00 H 0.794 - 1.602 o 7.000 9.491
2:30 M 9.896 4.0% 9.895 6.2% 9.122 12.368
3:00 H 0.440 o 0.611 o 5.257 7.127
3:30 M 9.893 7.681 7.884 10.689
7.8% 23.0%
4.00 H 0.772 1.765 5.425 7.355
4. M R 7 7.47 10.1
30 9.893 71% 8.786 21.9% 5 0.135
5:00 H 0.705 1.924 5.367 7.277
5:30 M 9.893 9.268 7.179 9.733
8.7% 21.4%
6:00 H 0.861 1.985 5.337 7.236
6:30 M 9.893 7.99 6.983 29.5% 7.228 9.800
7:00 H 0.782 o 2.061 =7 5.552 7.527
7:30 M 9.895 7 4% 9.321 19.1% 6.818 9.244
8:00 H 0.737 s 1.777 P 5.008 6.912
8:30 M 9.893 8.5% 7.957 28.2% 6.255 8.481
9:00 H 0.842 2.240 4.602 6.239
9:30 M 9.895 7.090 6.002 8.138
8.5% 30.4%
10:00 H 0.846 2.152 4.399 5.964
11:00 M 9.893 7.407 5.729 7.767
9.1% 32.2%
12:00 H 0.905 2.386 4.394 5.957
13:00 M 9.893 8.754 6.446 8.739
8.3% 24.6%
14:00 H 0.818 2.151 4.651 6.306
15:00 M 9.893 9.074 5.494 7.449
6.7% 17.0%
16:00 H 0.660 1.547 3.979 5.395
17:00 M 9.893 9.242 5.827 7.900
8.7% 21.8%
18:00 H 0.858 2.017 4.222 5.724
19:00 M 9.894 8.9% 8.854 23.8% 5.579 7.564
20:00 H 0.877 2.105 4.115 5.579

Gastroc Soleus

Recruitment Curve Recruitment Curve

Hmax Stim Intensity (mA): 18 Hmax Stim Intensity (mA): 18

Hmax Amplitude (mV): 0.503 Hmax Amplitude (mV): 1.151

Hmax Torque (Nm) 7.289| 9.882426|Hmax Torque (Nm) 9.882426

Mmax Stim Intensity (mA): 50 Mmax Stim Intensity (mA): 50

Mmax Amlitude (mV): 9.891 Mmax Amplitude (mV): 8.567

Mmax Torque (Nm) 8.644| 11.71954| Mmax Torque (Nm) 11.71954

Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 16 Hmax Stim Intensity (mA): 16

Hmax Amplitude (mV): 0.461 Hmax Amplitude (mV): 1.361

Hmax Torque (Nm) 8.431) 11.43075|Hmax Torque (Nm) 11.43075

Gastroc H/M 4.7% Soleus H/M 15.9%
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Subject 25 Session 1 Control
1st
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.893 9.894 7.113 9.644
6.2% 25.4%
0:20 H 0.618 2.515 4.770 6.467
0:30 M 9,893 9.898 7.435 10.080
6.6% 24.2%
0:40 H 0.654 2.399 4.534 6.147
0:50 M 9.894 6 7% 9.894 25 29% 7.259 9.842
1:00 H 0.662 e 2.493 o 4.454 6.039
1:30 M 9,895 7 3% 9.895 20.3% 7.115 9.647
2:00 H 0.719 = 2.902 = 4.988 6.763
2:30 M 9,897 9.894 7.647 10.368
.69 26.69
3:00 H 0.652 6.6% 2.629 6.6% 4.840 6.562
3:30 M 9.897 9.894 7.847 10.639
6.2% 24.5%
4:00 H 0.609 2.421 4.961 6.726
4:30 M 9,893 2 0% 9.894 28.7% 8.010 10.860
5:00 H 0.690 2.838 5.352 7.256
: M 897 894 7.2 84
5:30 9.89 6.5% 9.89 26.2% 58 9.840
6:00 H 0.643 2.592 4.708 6.383
6:30 M 9.895 9.556 7.389 10.018
6.8% 28.1%
7:00 H 0.673 2.689 4.466 6.055
7:30 M 9,893 0% 9.894 7 5% 7.311 9.912
8:00 H 0.689 = 2.716 7 4.715 6.393
8:30 M 9,894 9.895 7.234 9.808
6.7% 27.8%
9:00 H 0.664 2.747 4.714 6.391
9:30 M 9,895 9.894 7.257 9.839
6.5% 26.6%
10:00 H 0.639 2.627 4.600 6.237
11:00 M 9,894 9.894 7.178 9,732
6.7% 25.9%
12:00 H 0.663 2.565 4.604 6.242
13:00 M 9,896 9.895 7.267 9.853
6.4% 24.8%
14:00 H 0.633 2.450 4.605 6.243
15:00 M 9.895 9.894 7.406 10.041
6.5% 24.9%
16:00 H 0.643 2.467 4.549 6.168
17:00 M 9.896 6 6% 9.894 20.7% 7.255 9.836
18:00 H 0.651 o 2.447 o 4.607 6.246
19:00 M 9,804 7 1% 9.894 30.1% 6.119 8.296
20:00 H 0.700 2.983 5.023 6.810
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2nd

Time (min)| H/Mmax [Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.895 8% 9.895 73.9% 9.386 12.726
0:20 H 0.573 = 2.369 o 5.277 7.155
0:30 M 9.896 6.3% 9.895 25 29% 8.784 11.909
0:40 H 0.620 = 2.492 e 4.845 6.569
0:50 M 9.894 6.2% 9.894 24.25% 8.426 11.424
1:00 H 0.615 e 2.395 e 5.079 6.886
1:30 M 9.894 6.9% 9.894 1% 8.757 11.873
2:00 H 0.678 = 2.682 o 5.288 7.169
2:30 M 9.895 4% 9.895 16.5% 8.412 11.405
3:00 H 0.465 e 1.637 7 4.227 5.731
3:30 M 9.894 s 79 9.894 2129% 8.601 11.661
4:00 H 0.563 o 2.096 e 5.138 6.966
4:30 M 9.894 o a9 9.894 L 6% 5.583 7.569
5:00 H 0.571 e 2142 e 4.960 6.725
5:30 M 9,894 9.896 8.640 11.714

6.7% 26.4%
6:00 H 0.663 ’ 2.616 ? 5.503 7.461
6:30 M 9.895 6 8% 9.894 2 0% 8.621 11.688
7:00 H 0.674 S 2.667 o 5.288 7.169
7:30 M 9.894 6.6% 9.894 26.4% 8.537 11.574
8:00 H 0.652 o7 2.610 e 5.273 7.149
8:30 M 9.895 1% 9.895 26.8% 8.596 11.654
9:00 H 0.700 e 2.651 o 5.269 7.144
9:30 M 9.894 0% 9.895 28.25% 8.498 11.522
10:00 H 0.696 = 2.795 e 5.403 7.325
11:00 M 9.894 0% 9.897 27 29% 8.612 11.676
12:00 H 0.690 = 2.693 e 5.309 7.198
13:00 M 9.894 6.8% 9.895 20.8% 8.550 11.592
14:00 H 0.672 e 2.945 o 4.999 6.778
15:00 M 9.894 6 7% 9.894 28.19% 8.226 11.153
16:00 H 0.664 e 2.783 o 4.975 6.745
17:00 M 9.894 6.0% 9.895 24.4% 8.488 11.508
18:00 H 0.595 R 2.418 e 4.827 6.544
19:00 M 9.894 5 0% 9.894 28.6% 7.898 10.708
. 0 . 0
20:00 H 0.695 2.827 5284 7.164

Gastroc Soleus

Recruitment Curve Recruitment Curve

Hmax Stim Intensity (mA): 20 Hmax Stim Intensity (mA): 20

Hmax Amplitude (mV): 0.696 Hmax Amplitude (mV): 2.418

Hmax Torque (Nm) 2.586]  3.51/Hmax Torque (Nm) 3.506099

Mmax Stim Intensity (mA): 50 Mmax Stim Intensity (mA): 50

Mmax Amplitude (mV): 9.893 Mmax Amplitude (mV): 9.893

Mmax Torque (Nm) 6.613]  8.97|Mmax Torque (Nm) 8.965905

Confirm Hmax Confirm Hmax

Hmax Stim Intensity (mA): 24 Hmax Stim Intensity (mA): 24

Hmax Amplitude (mV): 0.512 Hmax Amplitude (mV): 2.349

Hmax Torque (Nm) 4.176Hmax Torque (Nm) 5.661821

Gastroc H/M 5.2% Soleus H/M 23.7%

177




Subject 25 Session 2 Control
1st
Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M [Torque (ft Ibs)| Torque (Nm)
0:10 M 9.894 6.7% 5.747 55.1% 7.823 10.606
0:20 H 0.658 P 3.168 o 4.526 6.136
0:30 M 9.894 6.798 8.011 10.861
6.5% 43.7%
0:40 H 0.647 2.971 4.229 5.734
0:50 M 9.895 6.345 7.981 10.821
6.2% 44.6%
1:00 H 0.615 2.829 3.946 5.350
1:30 M 9.894 7.013 7.861 10.658
6.5% 41.2%
2:00 H 0.646 2.886 4.248 5.759
2:30 M 9.895 6.7% 6.378 50.6% 7.931 10.753
3:00 H 0.667 P 3.225 o 5.280 7.159
3:30 M 9.894 7.698 9.011 12.217
6.8% 40.0%
4:00 H 0.668 3.083 4,788 6.492
4:30 M 9.894 6.870 8.650 11.728
7.0% 45.7%
5:00 H 0.692 3.143 4.717 6.395
5:30 M 9.894 7.073 8.463 11.474
7.1% 44.7%
6:00 H 0.699 3.165 4.396 5.960
6:30 M 9.894 7.103 8.348 11.318
7.1% 45.0%
7:00 H 0.698 3.194 4.529 6.140
7:30 M 9.894 5.732 8.511 11.539
6.8% 53.2%
8:00 H 0.676 3.049 4.254 5.768
8:30 M 9.895 6.493 5.477 7.426
7.8% 51.5%
9:00 H 0.770 3.342 4.122 5.589
9:30 M 9.896 6.263 7.565 10.257
7.6% 53.2%
10:00 H 0.756 3.331 4.022 5.453
11:00 M 9.894 6.754 8.519 11.550
7.9% 52.9%
12:00 H 0.786 3.575 4.863 6.593
13:00 M 9.896 6.278 6.695 9.077
7.2% 56.4%
14:00 H 0.715 3.541 3.984 5.402
15:00 M 9.894 6.187 7.176 9.729
7.2% 53.9%
16:00 H 0.710 3.332 6.607 8.958
17:00 M 9.895 7.454 6.862 9.303
6.6% 44.1%
18:00 H 0.657 3.284 3.524 4.778
19:00 M 9.894 7.4% 6.429 49.7% 6.130 8.311
20:00 H 0.729 3.195 3.154 4.276
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2nd

Time (min)| H/Mmax |Gastroc (mV)| Gastroc H/M | Soleus (mV) | Soleus H/M | Torque (ft Ibs)| Torque (Nm)
0:10 M 9.895 7.234 5.828 7.902
0, 0,
0:20 H 0.438 4.4% 1.723 23.8% 3.154 4.276
0:30 M 9.894 6.562 7.866 10.665
0, 0,
0:40 H 0.625 6.3% 2.957 45.1% 4.093 5.549
0:50 M 9.895 6.5% 7.464 38.7% 8.389 11.374
1:00 H 0.641 2.891 4.095 5.552
1:30 M 9.894 6.286 6.475 8.779
8.9% 58.0%
2:00 H 0.878 3.645 3.958 5.366
2:30 M 9.897 6.253 6.891 9.343
8.5% 57.1%
3:00 H 0.840 3.573 3.938 5.339
3:30 M 9.895 9.0% 7.473 50.5% 6.776 9.187
4:00 H 0.892 7 3.774 =7 4.004 5.429
4:30 M 9.894 8.5% 6.962 52.8% 6.751 9.153
5:00 H 0.844 7 3.677 = 3.792 5.141
5:30 M 9.894 6.662 6.704 9.089
0, 0,
6:00 H 0.791 8.0% 3.655 >4.9% 3.691 5.004
6:30 M 9.895 6.916 6.464 8.764
0, 0,
7:00 H 0.854 8.6% 3.723 >3.8% 3.849 5.218
7:30 M 9.894 6.577 6.625 8.982
8.4% 55.5%
8:00 H 0.831 3.649 3.641 4.936
8:30 M 9.896 7.538 6.311 8.556
7.7% 46.0%
9:00 H 0.766 3.466 3.492 4.734
9:30 M 9.894 6.081 5.827 7.900
7.1% 55.6%
10:00 H 0.700 3.380 3.085 4.183
11:00 M 9.894 7.8% 6.907 50.9% 5.907 8.009
12:00 H 0.769 = 3.517 o 3.237 4.389
13:00 M 9.894 8.3% 6.476 57.8% 5.873 7.963
14:00 H 0.820 = 3.746 e 3.348 4.539
15:00 M 9.895 7.703 5.518 7.481
7.5% 44.0%
16:00 H 0.738 ’ 3.389 ’ 2.535 3.437
17:00 M 9.894 8.024 5.374 7.286
6.9% 40.1%
18:00 H 0.680 ’ 3.216 ’ 2.907 3.941
19:00 M 9.894 8.5% 8.005 46.5% 5.424 7.354
20:00 H 0.839 3.726 3.277 4.443
Gastroc Soleus
Recruitment Curve Recruitment Curve
Hmax Stim Intensity (mA): 20 Hmax Stim Intensity (mA): 20
Hmax Amplitude (mV): 0.610 Hmax Amplitude (mV): 2.542
Hmax Torque (Nm) 4.678| 6.342432|Hmax Torque (Nm) 6.342432
Mmax Stim Intensity (mA): 45 Mmax Stim Intensity (mA): 45
Mmax Amlitude (mV): 9.893 Mmax Amplitude (mV): 6.115
Mmax Torque (Nm) 6.303| 8.545607| Mmax Torque (Nm) 8.545607
Confirm Hmax Confirm Hmax
Hmax Stim Intensity (mA): 18 Hmax Stim Intensity (mA): 18
Hmax Amplitude (mV): 0.641 Hmax Amplitude (mV): 2.936
Hmax Torque (Nm) 3.568| 4.837494|Hmax Torque (Nm) 4.837494
Gastroc H/M 6.5% Soleus H/M 48.0%
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