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The purpose of this research was to evaluate the effects of a long-

term static stretching program on flexibility and spinal reflexes in the

human soleus muscle. Day-to-day reliability over two days of H-reflex gain

(Hslp/Mslp) and pre-synaptic inhibition of spinal reflexes in the human

soleus was measured in an initial study. Thirty subjects (age=23.4 ± 3.9

yr, height= 175.64 ± 10.87 cm, weight=84.5 ± 24.18 kg) with no history of

lower leg pathology and/or injury within the previous 12 months

volunteered. The slopes of the ascending portions of the H-reflex and M-

wave recruitment curves were used to evaluate H-reflex gain (Hslp/Mslp).

The mean soleus H-reflex from 10 conditioning stimulations and 10

unconditioned stimulations was used to calculate the amount of pre-
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synaptic inhibition. Measurements of H-reflex gain and pre-synaptic

inhibition yielded test-retest reliability of R=.95 and R=.91, respectively.

The contribution of pre-synaptic and post-synaptic reciprocal

mechanisms in flexibility adaptations has not been measured during the

same study. A long-term static stretching program (5 times per week for 6

weeks) of the soleus implemented within an experimental group of 20

subjects was used as an intervention to measure both spinal control

flexibility changes. Additionally, 20 control subjects were measured that

did not participate in the stretching program. Passive ankle dorsiflexion,

Hmax/M max, H-reflex gain (HsI p/Mslp), pre-synaptic and post-synaptic

reciprocal mechanisms were measured at baseline, 3 weeks, and 6 weeks

for all 40 subjects. A 2 (Group) X 2 (Sex) X 3 (Time) mixed MANOVA with

Tukey HSD with (a <0.05) was used. Only ROM had a significant

interaction between Group and Time, whereas, a significant difference was

not detected in the other dependent variables. The experimental group

demonstrated significantly improved dorsiflexion ROM from baseline to 3

weeks (mean 6.2 ± .88, P < 0.00 1), 3 weeks to 6 weeks (mean = 4.9 ±

.84, P < 0.001), and baseline to 6 weeks (mean = 11.2 ± .91, P < 0.001).

Consequently, the increase in flexibility by 42% after 30 stretching

sessions was not the result of spinal reflex changes.
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Background

Static stretching of muscle increases joint range of motion (ie.

flexibility) and is thought to be useful for preventing injuries and increasing

athletic performance (Hortobagyi T, Faludi 3, Tihanyi 3, et al., 1985; Wilson

GJ, Wood GA, Elliot BC., 1991). Although some authors report that

stretching does not reduce injury rate (Weldon SM & Hill RH, 2003; Amako

M, 2003), increasing flexibility is generally considered to be a positive

adaptation for injury treatment and prevention (Bulbulian R, Darabos BL,

1986; Avela], Kyrolainen H, Komi PV, et al. 1999). While stretching

programs are widely used in the clinical setting, a limited understanding of

the mechanisms responsible for increases in flexibility exists. Specificatly,

it is not known how mechanical and neural mechanisms mediate changes

in flexibility.

Both mechanical properties of the muscle fiber and the neural

control of the muscle contribute to increases in flexibility with static

stretching (Guissard N, Duchateau 3, Hainaut K., 2001). From a

mechanical perspective, increased flexibility from static stretching reduces

the passive tension-length relationship, as well as develops changes in the

viscoelastic properties of the muscle-tendon unit. The observed

mechanical changes in the length-tension relationship have been

associated with changes in the viscoelastic properties of muscle tissue

(Magnusson SP, Simonsen EB, Aagaard P, et al., 1996), which are



attributed to the passive elastic tension present in both connective tissues

and myofibrils (Magid A & Law DG., 1985). While these mechanical

elements are integral to changes in flexibility, the focus of this study was

to examine the role of the neural or spinal control mechanisms in

increasing flexibility.

The spinal control mechanisms involved in flexibi'ity changes are not

well understood. Changes in the spinal control output of stretching have

been assessed and measured by examining the spinal reflexes of a given

muscle (Guissard N & Duchateau 3, 2004; Guissard N, Duchateau 3, &

Hainaut K, 2001; Bulbulian R & Darabos BL, 1986; Avela 3, et al. 1999).

The Hoffmann Reflex (H-reflex) is a measurement tool used to assess

spinal reflexes and assess motoneuron (MN) excitability (Hugon M, 1973;

Schieppati M, 1987; Misiaszek 3E, 2003) of specific muscle's MN pool.

Research has shown that the amplitude of the H-reflex decreases during

static muscle stretching (Nielsen J, Crone C, Hultborn H, 1993; Guissard N,

Duchateau 3, Hainaut K, 1988; Condon SM, Hutton RS, 1987).

Furthermore, the extent of the decrease in H-reflex during static stretching

is related to the magnitude of the stretch (Guissard N, Duchateau 3, &

Hainaut K 1988, 2001). However, once the muscle stretch was released,

regardless of the stretching magnitude, the H-reflex returned to pre-

stretch levels (Guissard N, Duchateau 3, & Hainaut K 1988, 2001). Based

on the work of these authors, it is likely that increased flexibility from
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muscle stretching is at least in part due to a neurological mechanism.

However, these studies have been limited to evaluating acute flexibility

changes during a stretch. Consequently, the literature remains unclear on

how spinal reflexes and the neural circuitry are involved in flexibility

adaptations following a long-term stretching program. Therefore, the

purpose of this study was to determine the effects of a long-term

stretching program on flexibility and neurological measures of spinal

circuitry.

One study to date has addressed the question of whether

neurological adaptations of the spinal reflexes occur and remain after a

long-term static stretching program (Guissard & Duchateau, 2004). The

authors reported the H-reflex was inhibited or decreased after a long-term

static stretching program that resulted in increased flexibility. However,

this inhibition only reached statistical significance after 30 static stretching

sessions, or six weeks of training at five times per week (Guissard N &

Duchateau 3., 2004). Furthermore, after one month, or 20 stretching

sessions, H-reflex amplitudes did not differ from pre-training values. This

finding suggested to the authors that neural changes of the spinal reflexes

were negligible at one month and that primarily mechanical adaptations

contributed to the increased flexibility observed at that time (Guissard N &

Duchateau 3., 2004). Subsequently, the authors inferred that significant

mechanical changes in the muscle occur prior to significant neural changes



(Guissard N & Duchateau 3., 2004). Also, the measures of the mechanical

and neural components were found to return to pre-training values at

different times. Specifically, the H-reflex returned to baseline at one month

after the stretching program while range of motion maintained a significant

increase compared to baseline. The authors suggested that intrinsic

muscle stiffness may be necessary before muscle spindles can be

adequately stressed by a long-term static stretching program to elicit the

adaptations that were observed (Guissard N & Duchateau 3. 2004).

Furthermore, while the authors inferred that synaptic transmission of Ia

afferents to the MN pool was reduced after a long-term static stretching

protocol, the location of this reduction remains undetermined.

Identification of the location in the spinal reflex pathway where

changes occur may help clarify the role the neural mechanisms have with a

long-term static stretching program. Therefore, the primary purpose of

this study was to determine the effects of a long-term static stretching

program on the spinal reflex pathway. Additionally, we wanted to evaluate

the reliability of our spinal reflex measurements.

We first performed a reliability study of our measures and testing

protocol. We began by determining the day-to-day reliability of H-reflex

gain (Hslp/Mslp) and pre-synaptic inhibition of the spinal reflexes in the

human soleus. H-reflex gain was calculated by evaluating the slopes of

the ascending portions of the H-reflex and M-wave recruitment curves
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(Funase et al., 1994; 1996). The H-reflex and M-wave recruitment curves

were recorded by increasing the stimulation intensity over the tibial nerve

every 10 seconds from the threshold of the H-reflex to M-wave maximum

(Mmax). To assess pre-synaptic inhibition in the soleus at rest, a

conditioning stimulation of the common peroneal nerve (1 X MT = motor

threshold) was used. The overall level of pre-synaptic inhibition was

determined by calculating the percent decrease in the H-reflex amplitude

due to the conditioning stimulation.

An Intraclass Correlation (2,1) was used to examine test-retest

reliability of these measures in the soleus. Our protocol yielded excellent

reliability; therefore, we used our methods to examine the neural

mechanisms of the spinal reflex responsible for changes in flexibility.

To understand where modifications take place along the spinal

reflex pathway that result from a long-term static stretching program, pre-

synaptic and post-synaptic mechanisms were measured. Spinal reflex and

flexibility measurements were assessed at baseline, three week, and at six-

week intervals. The study consisted of an experimental group of 20

volunteers who stretched 5 times I week for 6 weeks and a control group

of 20 volunteers that did not participate in the stretching program. This

stretching routine was used because the stretches, durations, and time

course have been found to yield significant improvements in flexibility of

the soleus over time (Guissard & Duchateau, 2004). The test-retest



reliability of the control subjects also was evaluated at baseline and at six

weeks as a control.

The findings from these studies will facilitate understanding of the

spinal reflex neural mechanisms of the spinal reflexes responsible for

increases in flexibility over a long-term stretching program. Additionally,

these findings will begin to clarify how and where the neural mechanisms

of the spinal reflex pathway mediate flexibility. From this understanding,

clinicians may begin to tailor prevention and rehabilitation techniques of

orthoped!c injuries to enhance performance and limit potential injury.
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Abstract

Objective: The purpose of this study was to determine the day-to-day

reliability of H-reflex gain and pre-synaptic inhibition of spinal reflexes in

the human soleus. Design and Settings: Data were collected in a

laboratory setting. Subjects: Thirty volunteers (age=23.4 ± 3.9 yr,

height=175.64 ± 10.87 cm, weight=84.50 ± 24.18 kg) participated.

Subjects had no history of lower leg pathology and/or injury within the

previous 12 months that limited activities of daily living (ADL) greater than

one day. Subjects were instructed to lie prone with their head, shoulders,

arms, and hips supported in a static position by a massage body pillow.

Ankle angle was positioned at 90°. The skin overlying the soleus and

tibialis anterior muscle bellies was shaved and cleansed with isopropyl

alcohol, and recording electrodes were placed on each. Stimulating

electrodes were positioned over the tibial nerve in the popliteal space and

the common peroneal nerve near the fibular head. For accurate placement

during subsequent data collections, the locations of all electrodes were

outlined with permanent marker. Measurements: H-reflex gain was

calculated by evaluating the slopes of the ascending portions of the H-

reflex and M-wave recruitment curves. The H-reflex and M-wave

recruitment curves were measured and recorded by increasing the

stimulation intensity over the tibial nerve every 10 seconds from H-reflex

threshold. To assess pre-synaptic inhibition in the soleus, a conditioning

J
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stimulation of the common peroneal nerve (1 X MT = motor threshold)

was used to condition the soleus H-reflex. Pre-synaptic inhibition was

calculated by dividing the mean of 10 conditioned H-reflexes by the mean

of 10 unconditioned H-reflexes. An inter-stimulus delay of 100 ms

between the test and conditioning stimulation was used. An Intraclass

Correlation (2,1) was used to examine the inter-day test-retest reliability of

these measures in the human soleus. The two testing sessions took place

between two and seven days and occurred at the same time of day.

Results: Assessments of H-reflex gain and pre-synaptic inhibition yielded

test-retest reliability of R=. 95 and R=. 91, respectively. Conclusions:

Measures of pre-synaptic inhibition and H-reflex gain (Hslp/Mslp) in the

human soleus are consistent and reliable day-to-day.
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Introduction

The Hoffmann Reflex (H-reflex) has historically been used to

examine the monosynaptic connections between Ia sensory fibers and

motoneurons (MNs) in humans (Schieppati, 1987; Hugon, 1973). The

utility of the H-reflex as a means of studying changes in human MN

excitability depends upon the development and utilization of an accurate

technique and standardized protocol (Hugon, 1973; Schieppati, 1987).

Two techniques used to evaluate the excitability of the MN pool in humans

are: 1) the ratio of the maximum H-reflex amplitude to the maximal M-

wave amplitude from the motor response (Hmax/Mmax) (Matthews, 1966;

Casabona A, Polizzi MC, Perciavalle V1 1990; Hoffman Maddalozzo,

Widrick,et aL, 2003; Hoffman, Palmeiri, Ingersoll, 2003; Hoffman &

Koceja, 2000); and 2) the H-reflex gain (Hslp/Mslp) (Funase, 1994;1996).

Historically the Hmax/Mmax has been used to examine the

excitability of the motoneuron (MN) pool in the resting state. This ratio

represents the connectivity between sensory and motor nerves in the

spinal reflexes, which are induced by Ia afferent inputs artificially evoked

by electrical stimulation over a superficial nerve (Schieppati, 1987). While

this technique attempts to estimate the excitability of the MN pool in the

muscle, H-reflex gain (Hslp/Mslp) has been suggested as a superior

technique for evaluating the excitability of the MN pool (Funase, Imanaka,

etal. 1994).
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One of the limitations to using the H-reflex as a measure that is

calculated from the amplitude is the potential for interference of direct

activation of the motoneurons (MN). Specifically, this antidromic collision

in the reflex loop has been termed the collision effect. As a result, Funase

et al. suggested that this collision effect threatens the assumption that the

Hmax/Mmax is a measure of the maximal percentage of MNs excited in a

target MN pool. Therefore, Funase et al. proposed that the H-reflex gain

(Hslp/Mslp) measurement is a superior method for evaluating the

connectiveness between sensory and motoneurons in spinal reflexes

because the collision effect does not affect this measure. (Funase K,

Imanaka K, Nishihhira Y, 1994; Funase K, Higashi T, Yoshimura K, 1996).

However to our knowledge, the reliability of H-reflex gain has yet to be

established in the literature.

Pre -synaptic Inhibition

The amplitude of the H-reflex depends on the excitation and pre-

synaptic inhibition of Ia afferent input to the a-MNs (Misiaszek JE, 2003).

While H-reflex gain has been suggested as the most effective method of

measuring MN pool excitability, pre-synaptic mechanisms can influence the

motor output available for a target MN pool. Therefore, the reliability of

pre-synaptic mechanisms for each protocol measuring spinal reflexes is

warranted. However, to our knowledge, the reliability of the measure of

pre-synaptic inhibition has yet to be reported in the literature.
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A potential threat to the validity of H-reflex gain, as an estimate of

the MN pool excitability is its reliability as a measurement. Moreover, the

measurement protocol itself must have good reliability in order to limit

potential error in the spinal reflex measures caused by inconsistent pre-

synaptic input. The first purpose of this study was to evaluate the

intersession reliability over time of H-reflex gain (Hslp/Mslp) in the soleus

musculature. A second purpose was to establish reliability of the pre-

synaptic measures.

Methods

Subjects

Fifteen male (age 23.7 ± 4.3 yr; height 186.73 ± 13.97 cm; mass

87.5 ± 26.38 kg) and 15 female (age 22.8 ± 3.7 yr; height 170.42 ± 8.87

cm; mass 81.5 ± 21.27 kg) with no self-reported history of cognitive

impairment, neurological impairment, or lower extremity surgery and/or

lower extremity injury within the previous 12 months participated in this

study. Each subject maintained their usual activities of daily living except

on testing days when they were instructed not to exercise, take

medication, or ingest caffeine prior to testing. Testing for each subject

consisted of two one-hour testing sessions separated by no less than 24

hours. Both sessions were completed within a one-week period, with

testing scheduled at the same time of day. Subjects provided informed
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consent and were approved by the University Institutional Review Board

(IRB).

Subject and Instrument Set-up

Surface electromyography (MP100, BIOPAC Systems Inc., Santa

Barbara, California, USA) was used to measure the H-reflex and M-wave.

After shaving, abrading, and wiping the skin with isopropyl alcohol, pre-

gelled, self-adhesive disposable vinyl Ag-AgCI recording electrodes (1 3/8-

inch) were placed over the soleus and tibialis anterior muscle bellies, and

the ipsilateral lateral malleolus.

An electrical stimulator (S88, Grass Instruments Inc.) was used to

elicit spinal reflex responses. To stimulate the soleus, an unshielded 12

mm stimulating electrode was applied to the skin over the tibial nerve

behind the knee. Another stimulating electrode was placed over the

common peroneal nerve adjacent to the fibular head for delivery of the

conditioning stimulation in the pre-synaptic measurements. To identify

correct stimulating electrode placement, the stimulating electrodes were

moved over the nerves until a muscle response was elicited. Following the

identification of optimal stimulating electrode placement, they were

secured to the subject with tape and outlined with permanent marker to

ensure the electrodes were placed in the same location during subsequent

data collections (Palmeiri, Ingersoll, Hoffman, 2002). Dispersal pads, or

anodes (3 cm2), were placed on the distal thigh above the knee and on the



musculature lateral and distal to the stimulating electrode of the tibialis

anterior. A constant current unit (CCU1, Grass Instruments Inc., W.

Warwick, RI, USA) and a stimulus isolation unit (SIU5, Grass Instruments

Inc.) were used to limit the risk of electrical shock.

Subject Positioning

Subjects were tested in the prone position (Figure 1) with the left

ankle positioned and maintained at 90° of dorsiflexion. A body pillow was

used to standardize body, head, and hand position for each subject.

44

Figure 1: Subjects were tested in a prone position with the left ankle
preserved at 900. A "body pillow" was used to standardize trunk, head,
and hand position.
Measurement

To capture peak-to-peak amplitude of the H-reflex and M-waves,

EMG measurements were collected at a rate of 2000 samples per second.

AcqKnowledge waveform acquisition software for Microsoft Windows

(AcqKnowledge Software v.3.7.3, 1992-2002, Biopac Systems, Inc. Goleta,
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California, USA) was used to determine the peak-to-peak amplitude of the

H-reflex and M-wave recruitment curves.

H-reflex gain (Hs/p/Ms/p)

The H-reflex gain was measured by percutaneous electrical

stimulation of the tibial nerve (via 1 ms pulses). Following initial low

stimulus intensity, consistent increments of the intensity were increased

until the maximum H-reflex and M-wave amplitudes were obtained. The

ratio of the slope of the ascending portion of the H-reflex (Hslp) (prior to

the initiation of a motor response or M-wave) and ascending portion of the

M-wave (Mslp) were used to develop our dependent measure (Hslp/Mslp).

Recovery Curve

8

R20814

3

0

0 0.5 1 1.5

Stimulation Intensity (V)

... _7
.

..

h-reflex

m-wae

Figure 2: Recruitment Curve of the soleus was assessed for each subject.
The slopes of the ascending portions of the H-reflex and M-wave were
applied to use for our dependent measurement of H-reflex gain
(H sI p/Msl p).
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The beginning point on the H-reflex ascension slope was set at 0.5

volts. The ascending portion of the M-wave (Mslp) began from amplitudes

above .5 volts and continued until a point .5 volts prior to Mmax. The

ratios of the developmental slopes (Hslp/Mslp) were included for data

analysis (Funase K, Imanaka K, et al. 1994) (See figure 2)

Pre-synaptic Inhibition

Following H-reflex gain measurements, the stimulation intensity

necessary to obtain motor threshold of the tibialis anterior (1 X MT) was

identified and maintained throughout testing (Misiaszek, 2003; Crone C,

Huitborn H, and Jespersen B, 1987). To condition the soleus MN pool,

stimulation of the tibialis anterior preceded the soleus stimulation by 100

ms. The pre-determined set time of 100 ms was based on research that

demonstrates that pre-synaptic inhibition of the soleus occurs at an inter-

stimulus delay of between 80-120 ms (TIes JF, 1996; Zehr EP and Stein RB,

1999). Therefore, conditioned measurements were elicited by first

stimulating the common peroneal nerve (1 X MT) followed by a 100 ms

delay, and concluded by stimulation to the tibial nerve at 30°Io of the total

MNs available (Mmax). Unconditioned measures were assessed by

stimulating the tibial nerve (30% Mmax) with the same intensity and

measuring the resulting reflex activity without the influence of a

conditioning stimulus.
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During the pre-synaptic inhibition testing, conditioned (10 trials) and

unconditioned (10 trials) H-reflexes were alternated. The average of each

set of 10 trials was calculated. The overall level of pre-synaptic inhibition

was determined by calculating the percent decrease in the H-reflex

amplitude due to the conditioning stimulation.

Statistical Analysis

Test-retest reliability was calculated using values for H-reflex gain

and the percentage of pre-synaptic inhibition. The intersession reliability

was estimated using an Intraclass Correlation Coefficient [ICC (2,1)] (R)

(Shrout and Fleiss, 1979). All statistical analyses were performed using

SPSS software, version 11.5 (SPSS, Inc., Chicago, IL).

Results

The mean H-reflex gain (HsIp/Mslp) test-retest intersession

reliability was calculated as R= 0.951. The average value for H-reflex gain

during the first testing session was 2.01 ± 1.45 while the average value on

the subsequent test session was 1.94 ± 1.22 (P> 0.05).

The test-retest intersession reliability of pre-synaptic inhibition was

calculated as R=0.912. The average percentage of pre-synaptic inhibition

during the first session was 29.76 ± 15.86 while the average percentage

on the subsequent test session was 29.63 ± 14.41 (P> 0.05).
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Discussion

The reliability of H-reflex gain (I-lslp/Mslp) and pre-synaptic

inhibition had yet to be addressed in the literature. The first purpose of

this study was to evaluate the intersession reliability over time of H-reflex

gain (Hslp/Mslp) in the soleus musculature. A second purpose was to

establish reliability of the pre-synaptic measures.

H-reflex gain, as assessed by examining the Hslp/Mslp of the

recruitment curves had excellent test-retest reliability. To our knowledge,

this was the first study to examine the reliability characteristics of H-reflex

gain (Hslp/Mslp). Simply stated, H-reflex gain is the ratio of the nervous

system's output to its input (Funase K, Imanaka K, Nishihhira Y, 1994).

Several studies have used Hmax/Mmax to measure MN pool

excitability in various muscles. However, the maximal amplitude of the H-

reflex can collide with the ascending portion of the M-wave resulting in

direct activation of MNs; effectively causing a collision effect with the

subsequent H-reflex moving in the opposite direction. Because of this

phenomenon, the output presented by Hmax can be diminished or have

additional measurement error when assessed during the ascension of the

M-wave.

In theory, H-reflex gain is dependent only upon the MN excitability,

and therefore, isolates the recruitment properties of the target MN pool

when measured at rest. Past studies (Funase K, Higashi 1, Yoshimura K, et
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al, 1996; Funase K, Imanaka K, Nishihhira Y, 1994; Marsden CD, Merton

PA, Morton HB, 1972) have defined the gain of the stretch reflex to be the

result of muscle activation elicited by a given stimulus. However, Marsden

CD, Merton PA, Morton HB (1972) suggested that the reflex gain increased

with preexisting voluntary activity levels. Therefore, the H-reflex gain, as

the ratio of H-reflex amplitude or muscle activity output to electrical

stimulation intensity or sensory input, should be used to evaluate MN pool

excitability in stationary subjects. Our data demonstrates that H-reflex

gain, as evaluated by Hslp/Mslp, is a reliable measure at rest.

The Hoffmann Reflex (H-reflex) is a tool used to assess the

excitability of alpha motoneurons located within a target motoneuron (MN)

pool when pre-synaptic mechanisms are controlled (Hugon, 1973). In

order for the H-reflex to accurately reflect changes in MN pool excitability,

investigators must control for extraneous factors. These factors include,

but are not limited to, electrode placement (Hugon M, 1973; Maryniak 0,

Yaworski R, 1987; Morelli M, Sullivan Si, Seaborne DE, 1990), recording

electrode type (Hugon M, 1973; Maryniak 0, Yaworski R, Hayes KC, 1991;

Williams LR, Sullivan Si, Seaborne DE, et al, 1992), stimulation technique,

head and body posture, foot position, joint angles, eye movement, and

muscle contraction (Funase K, Imanaka K, Nishihhira Y., 1994; Hwang IS,

Lin YC, Ho KY, 2002; Kameyama 0, Hayes KC, Wolfe D,1989; Palmeiri RM,

Hoffman MA, Ingersoll CD, 2002; Schieppati M, 1987). Because of the H-
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reflex's susceptibility to such variation, it is required that experiments

control for these factors so that the measures can be used to consistently

assess MN pool excitability. Our study maintained consistency by

assessing subjects in a prone position with standard positioning for the

ankle, head, and hands that yielded excellent reliability estimates.

There are more than 1,000 published manuscripts that have used

H-reflex as a dependent measurement; however to our knowledge, fewer

than 20 studies had reliability as a primary purpose. The reliability

coefficients of these studies ranged from r=.29 to R=.99 (Ali and Sabbahi,

2001; Hopkins JT, Ingersoll CD, 2000; Mcllroy WE, Brooke 3D, 1987;

Williams LR, Sullivan SJ, Seaborne DE, et al, 1992; Handcock P3, Williams

LRT, Sullivan S3, 2001). The investigators of these studies used

changeable levels of standardization and their work yielded varying results.

For example, Ali and Sabbahi (2001) utilized both test-retest and within-

subject reliability with a subject pool of 15. The authors evaluated H-reflex

during three subject positions: prone, standing, and standing while

holding 20°h of his or her body weight. The recording electrodes were

positioned 3 cm below the gastrocnemius. The authors reported a test-

retest reliability ranging from r=.29 for the prone position, to r=.59 for the

loaded position. The within reliability ranged from r=.56 to r=.97. The

authors concluded that measurement of the H-reflex in the standing and

the loaded positions were more reliable than testing in the prone position
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(Au & Sabbahi, 2001). In contrast, Palmeiri (2002) found that during two

consecutive days with subjects in the prone position, the intersession

reliability (ICC [2,11) was R=.99 for H-max, R=.95 for M-max, and R=.97

for H/M ratio in the soleus muscle. These two manuscripts begin to

demonstrate the amount of diversity in the results reported within this

body of literature and the necessity to report reliability estimates. Our

outlined methods yielded excellent reliability of measurement R=.95,

therefore, the potential elements found in the literature to influence MN

pool excitability were substantively controlled within our protocol.

Pre -synaptic Inhibition

The definition of the term pre-synaptic inhibition suggests the

restraint, blockage, or suppression of a nervous signal before it reaches a

synapse (Zehr EP, 2002; Misiaszek JE, 2003). Pre-synaptic inhibition

present at the Ia afferent terminals is affected by direct and indirect

factors, each of which could contribute to variations in the neural aspects

of the monosynaptic reflex loop (Misiaszek JE, 2003; Zehr EP, 2002; Zehr

EP, Stein RB, 1999). For example, a change in subject's posture or

motion about one or more joints can lead to changes in the activity of

afferents, thereby altering the level of pre-synaptic inhibition (Mcllroy WE,

Collins DF, Brooke 3D, 1992). Additionally, pre-synaptic mechanisms have

been inferred to modulate the H-reflex without altering the MN pool itself,

because activation of remote muscle afferents have been found to lead to
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pre-synaptic inhibition of the Ia afferent and pre-synaptic suppression of

the H-reflex (Misiaszek JE, 2003; Zehr EP, 2002; Zehr EP, Stein RB, 1999).

Therefore, a simple change in leg posture, including the contralateral leg

(Cheng 3, Brooke 3D, Misiaszek JE, et al, 1998), as well as an active cycling

of arms while the soleus contraction remains tonic (Collins DF, Gorassini M,

Bennett D, et at, 2002), are sufficient to alter the percentage of pre-

synaptic inhibition.

Additionally, supraspinal structures appeared to contribute to

modulation of H-reflexes in humans. Changes in excitability as measured

by the H-reflex amplitude were found to be associated with preparation of

movement and not related to changing sensory requirements of the task

suggesting that descending commands prior to movement alter H-reflex

excitability (Collins DF, Brooke 3D, Mcllroy WE). Mental simulation of an

activity has also been shown to modulate the excitability of spinal reflex

pathways as measured by H-reflex amplitude in man (Bonnet LM, Decery

J, Jeannerod M, et at, 1997) signifying that the mechanisms that

influenced the change in the H-reflex must have been pre-synaptic in

origin.

In conclusion, the origins of pre-synaptic inhibition present at the Ia

afferent terminals are influenced by direct and indirect factors. Therefore,

future investigations of the spinal reflexes and measures of the pre-

synaptic alterations must tightly control for all factors related to these
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direct and indirect changes to Ia afferents with standardized protocol

guidelines that limit movement and muscle activity located at and away

from a target MN pool. The excellent reliability estimate of R = .912 of

pre-synaptic inhibition measures allows us to infer that our protocol

guidelines consistently controlled for potential influences of error.

Therefore, the pre-synaptic inhibition and the corresponding influences on

a target MN pool can be examined further using the outlined methodology.

Conclusion

Our protocol to elicit measures of H-reflex gain (Hslp/Mslp) and pre-

synaptic inhibition were highly reliable in the soleus. Use of these

measures and methods can be used in future investigations within the

human soleus.
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A Six-week Static Stretching Program of the Soleus Muscle Does Not

Influence Pre-syna ptic or Post-synaptic Reciprocal Inhibition

ABSTRACT

The purpose of this study was to examine the contribution of spinal

reflexes and inhibitory spinal mechanisms to increases in ankle dorsiflexion

flexibility resulting form a long-term stretching program. Forty subjects

were recruited and measured at baseline, 3 weeks, and 6 weeks for ankle

dorsiflexion range of motion (ROM) and a variety of H-reflex measures

(Hmax/Mmax, H-reflex gain, pre-synaptic inhibition, and reciprocal post-

synaptic inhibition). Twenty subjects (experimental group) stretched 5

times / week for 6 weeks while 20 subjects (control group) did not

undertake any stretching beyond what they normally experienced. A 2

[Group] X 2 [Sex] X 3 (Time) mixed design MANOVA was used to analyze

the data. Only ROM had a significant Group X Time interaction whereas,

significant differences were not found on any of the other dependent

variables. Ankle dorsiflexion increased by 42% after six weeks of static

stretching. No significant spinal reflex changes resulted at any point of the

study, in contrast to recent reports in the literature. Therefore, spinal

mechanisms as measured in this study do not appear to contribute to ROM

changes.

Keywords: Hoffmann Reflex (H-reflex), Flexibility, Soleus, Pre-
synaptic Inhibition, and Recurrent Inhibition
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INTRODUCTION

Clinicians commonly use static stretching methods to increase joint

range of motion and muscle flexibility during the treatment and

rehabilitation of orthopedic injuries (Etnyre BR, Abraham LD, 1986;

Guissard N, Duchateau 3, 2004). While there is recent evidence that

stretching does not reduce the potential for injury (Weldon SM, Hill RH,

2003; Amako M, 2003), increasing flexibility is commonly considered to

have a positive effect on athletic performance that may also contribute to

the prevention of injuries (Guissard N, Duchateau 3, 2004; Bulbulian R,

Darabos BL, 1986; Avela 3, Kyrolainen H, Komi PV, et al, 1999).

Understanding the spinal reflex changes that result from a long-term

stretching program may provide insight into the inhibition mechanisms

responsible for gains in flexibility, and potentially, injury prevention and

treatment.

In 2004, Guissard and Duchateau suggested that neurological

elements are integral to increasing long-term flexibility (Guissard N &

Duchateau 3, 2004). Alterations of these neurological elements are related

to and were assessed by measuring changes in motoneuron (MN) pool

excitability of a given muscle (Guissard N, Duchateau 3, 2004; Guissard N,

Duchateau 3, Hainaut K, 2001; Bulbulian R, Darabos BL, 1986; Avela 3,

Kyrolainen H, Komi PV, et al, 1999) by way of the Hoffmann Reflex (H-

reflex). The H-reflex is a measurement tool used to assess MN pool
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excitability (Hugon M, 1973; Schieppati M, 1987; Misiaszek JE, 2003).

While identifying changes in the reflex are key, determining the location in

the reflex circuit remains essential and unresolved.

Several studies have identified changes in the H-reflex resulting

from acute static stretching (Etnyre BR, Abraham LD, 1986; Guissard N,

Duchateau 3, 2004; Guissard N, Duchateau J, Hainaut K, 2001; Avela 3,

Kyrolainen H, Komi PV, et al, 1986; Nielsen 3, Crone C, Hultborn H, 1993).

For example, it has been shown that the amplitude of the H-reflex

decreased while the muscle was being stretched (Nielsen 3, Crone C,

Hultborn H, 1993; Guissard N, Duchateau 3, Hainaut K, 1988; Condon SM,

Hutton RS, 1987). However, at the discontinuation of the stretching

activity, the H-reflex returned to pre-stretching levels. The extent of H-

reflex inhibition was to be related to the magnitude of the stretch

(Guissard N, Duchateau 3, Hainaut K, 1988; 2001). Etnyre and Abraham

(1986), as well as, Nielsen et al. (1993) suggested that inhibition of the H-

reflex during stretching promotes muscle lengthening by reducing neural

input to the MN pool of the stretched muscle. From these studies, spinal

reflex changes during acute static stretching have been implicated as being

a potential mechanism for increased flexibility associated with muscle

stretching.

Few studies have investigated the neural mechanisms or spinal

reflexive changes underlying increased flexibility associated with long-term
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muscle stretching. One study (Guissard & Duchateau, 2004) addressed

the central question of whether flexibility increases following a long-term

static stretching program result from changes within the spinal reflex

system. The authors examined the mechanical and neural mechanisms of

ROM increases of the triceps surae over six-weeks on eight male and four

female volunteers. H-reflexes and T-reflexes were assessed at two, four,

and six weeks while the volunteers completed 10-mm static stretching

sessions five-times a week. At four weeks, increases in flexibility were

observed, however the H-reflex amplitude was not different than pre-

training values (Guissard N & Duchateau J, 2004). After six weeks of

participation in the stretching program, significant H-reflex inhibition

(14%) was observed with a 1.4° increase in flexibility from four weeks

(Guissard N & Duchateau J, 2004). Since some improvements in flexibility

were observed prior to changes in the H-reflex, the authors concluded that

increases in flexibility during the first four weeks of the stretching protocol

resulted primarily from mechanical adaptations, such as increases in the

length of the muscle-tendon unit and reduced passive torque (Guissard N

& Duchateau), 2004). Others who have reported mechanical factors as

the mechanisms for flexibility changes support these suggested mechanical

effects (McHugh MP, Kremenic 13, Fox MB, et al, 1998; Sinkjaer T, Toft E,

Andreassen S, et al, 1998; Taylor DC, Dalton 3, Seabar AV, et al, 1990;

Toft E, Geert T, Espersen MD, et al, 1989). The authors concluded that
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the increases in flexibility after 6 weeks of stretching resulted from

decreased reflex activity or a combination of mechanical and spinal reflex

mechanisms (Guissard N & Duchateau 3, 2004). However, the location on

the reflex circuit where the changes occurred as a result of the long-term

static stretching program remain unidentified.

Pre-Synaptic and Post-Synaptic Recioroca/ Inhibition

Guissard and Duchateau (2004) hypothesized that the H-reflex

changes observed after six-weeks of static stretching were due to both

pre-synaptic and post-synaptic mechanisms. However, the relative

contribution of each was not assessed. Guissard et al. (2001) put forward

that while someone stretches at small amplitude, pre-synaptic mechanisms

aid the inhibition observed in the H-reflex, however, during large amplitude

stretches, post-synaptic mechanisms were responsible for the inhibition

observed in the H-reflex (Guissard N, Duchateau 3, Hainaut K, 2001).

Without thorough evaluation of both the pre-synaptic and post-synaptic

mechanisms, the location of changes in the reflex circuits output observed

after six-weeks of tong-term stretching remains unknown. Therefore, to

adequately assess the neurological adaptations that occur with long-term

stretching, pre-synaptic and post-synaptic mechanisms must be evaluated

in conjunction with the response of the H-reflex.

The current study was designed to investigate how six weeks (30

sessions) of static stretching influences the spinal reflex of the soleus
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muscle. In this study, both pre-synaptic and post-synaptic reciprocal

mechanisms were evaluated. Therefore, the primary purpose of this study

was to evaluate the neurological changes that occur as flexibility in the

soleus muscle increases due to participation in a six-week static stretching

program. Specifically, we evaluated how long-term stretching affects ankle

dorsiflexion, the Hmax/Mmax, H-reflex gain (Hslp/Mslp), and the levels of

pre-synaptic and post-synaptic reciprocal inhibition.

Materials and Methods

Subjects

Forty healthy subjects, 20 female (21.0 ± 1.45 yr, 169.48 ± 7.88

cm, 65.72 ± 8.59 kg) and 20 male (23.7± 3.74 yr, 179.07 ± 8.17 cm,

89.73 ± 16.32 kg) with no self-reported history of cognitive impairment,

neurological impairment, or lower extremity surgery and/or injury within

the previous 12 months volunteered for this study. Each subject signed a

University Institutional Review Board approved informed consent

document, which certifies that the testing maintains accordance with the

Helsinki Declaration.

Study Des,n

Subjects were randomly assigned to either an experimental or

control group. Ten men and 10 women were assigned in each group. The

experimental group performed a six-week bent-knee static stretching

program while the control group did not undertake any stretching beyond
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what they normally experienced. The subjects were required to record in a

journal the date and time of each stretching session.

Spinal reflex and flexibility testing occurred during the same day of

the week and at the same time in the day at times zero, three, and six

weeks. A follow-up on compliance with the experimental group was

conducted prior to testing. Then ankle dorsiflexion passive range of

motion (PROM), Hmax/Mmax, H-reflex gain (Hslp/Mslp), pre-synaptic

inhibition (PT), and post-synaptic reciprocal inhibition for all subjects was

completed during testing days.

Subject Preparation

Surface electromyography (MP100, BIOPAC Systems Inc., Santa

Barbara, California, USA) was used to measure muscle responses. After

shaving, abrading, and wiping the skin with isopropyl alcohol, pre-gelled,

self-adhesive disposable vinyl Ag-AgCl recording electrodes (1 3/8-inch)

(EL 503, BIOPAC Systems Inc.) were placed over soleus and tibialis

anterior muscle bellies and the ipsilateral lateral malleolus.

An electrical stimulator (S88, Grass Instruments Inc.) was used to

stimulate the peripherial nerves. To stimulate the soleus, an unshielded 12

mm stimulating electrode (EL 212, BIOPAC Systems Inc.) was applied to

the skin over the tibial nerve behind the knee. Another stimulating

electrode was placed adjacent to the fibular head in order to stimulate the

common peroneal nerve. To ensure correct placement, the stimulating
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electrodes were moved over the respective nerves until a muscle response

was seen in both the tibialis anterior and soleus muscles. After

conformation of correct electrode placement, each stimulating electrode

was taped to the subject's skin and outlined with permanent marker to

ensure reliable electrode placement during subsequent data collections

(Palmeiri, Ingersoll, Hoffman, 2002). A dispersal pad, or anode (3 cm2),

for the soleus stimulating circuit was placed on the distal aspect of the

thigh above the knee and a second dispersal pad was placed lateral and

distal to the stimulating electrode of the common peroneal nerve. A

constant current unit (CCU1, Grass Instruments Inc., W. Warwick, RI,

USA) and a stimulation isolation unit (SIU5, Grass Instruments Inc.) were

used to limit the risk of electrical shock and ensure consistency in stimulus

delivery.

Measurement

To capture peak-to-peak amplitude of the H-reflex and N-waves,

EMG measurements were collected at a rate of 2000 Hz. H-reflex and M-

wave recruitment curves were mapped using AcqKnowledge waveform

acquisition software for Microsoft Windows (AcqKnowledge Software

v.3.7.3, Biopac Systems, Inc. Goleta, California, USA).



Subject Positioning

Subjects were tested in the prone position (Figure 1) with the left

ankle positioned and maintained at 90° of dorsiflexion. A body pillow was

used to standardize body, head, and hand position for each subject.

Figure 1: Subjects were tested in a prone position with the left ankle
preserved at 900 by way of attached box where the plantar surface of foot
rested. A "body pillow" was used to standardize trunk, head, and hand
position.

H-reflexgain (Hs/p/Ms/p) and Hmax/Mmax

H-reflexes were elicited by percutaneous electrical stimulation of the

tibial nerve (via 1 ms pulses). Stimulation intensity was incrementally

increased from sub-threshold for elicitation of the H-reflex to the intensity

required for collection of a maximal M wave. The slope of the ascending

portion of the H-reflex recruitment curve (Hslp) was calculated from H-

reflex amplitudes between 0.5 volts above threshold and the initial

presence of the M wave. The ascending portion of the M-wave (Mslp) was

assessed from amplitudes 0.5 volts above threshold and prior to Mmax.



The ratio of the developmental slopes (Hslp/Mslp) was included for data

analysis (Funase K, Imanaka K, and Nishihira Y., 1994) (See Figure2).
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Figure 2: Example of a Recruitment Curve where Hmax/Mmax and H-
reflex Gain (Hslp/Mslp) were measured.

Conditioning Stimulus

The level of pre-synaptic and post-synaptic reciprocal inhibition was

evaluated by comparing conditioned soleus H-reflexes with unconditioned

soleus H-reflexes. Following the application of the recording electrodes,

stimulating electrodes, and the dispersal pads, the stimulation intensity of

the conditioning circuit to the TA was set to 1 X motor threshold (MT).

EMG and palpation were both used to identify MT (Crone C, Hultborn H,

Jespersen B, et al., 1987). This intensity was maintained throughout

testing (Misiaszek, 2003; Crone C, Hultborn H, and Jespersen B, 1987).
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Pre -synaptic Inhibition

Comparing conditioned and unconditioned H-reflexes assessed pre-

synaptic inhibition. The H-reflex was conditioned by stimulation to the

common peroneal nerve between 80 and 120 ms prior to the test reflex.

To determine the appropriate conditioning stimulus interval, a recovery

curve was established for each subject. The conditioning intervals of 80

ms, 85 ms, 90 ms, 95 ms, 100 ms, 105 ms, 110 ms, 115 ms, and 120 ms

were tested. Five conditioned reflexes were collected at each interval and

the interval with the greatest level of inhibition was used for the pre-

synaptic inhibition assessment of that subject. (lies iF, 1996; Zehr EP &

Stein RB, 1999). The average recovery curve for each subject was 92.9

ms.

During the pre-synaptic inhibition testing, conditioned (10 trials) and

unconditioned (10 trials) H-reflexes were alternated. The average of each

set of 10 trials was calculated. The overall level of pre-synaptic inhibition

was determined by calculating the percent decrease in the H-reflex

amplitude due to the conditioning stimulation.

Post-synaptic Reaoroca/ Inhibition

The conditioning stimulation to the common peroneal nerve was

delivered between 2 and 4 ms prior to the elicitation of the H-reflex

(Morita H, Crone C, Christenhuis D, et al, 2001). The intensity of the

conditioning stimulus was set to 1 X MT of the tibialis anterior. Just as in
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the assessment of pre-synaptic inhibition, a recovery curve was collected

to determine the optimal conditioning interval. The following intervals

were tested: 2 ms, 2.5 ms, 3 ms, 3.5 ms, and 4 ms. We identified the

optimal conditioning interval by assessing the time by which the greatest

inhibition in the soleus was present over the average of five conditioned

trials. The average recovery curve for each subject was 2.9 ms.

During the post-synaptic reciprocal inhibition testing, conditioned

(10 trials) and unconditioned (10 trials) H-reflexes were alternated. The

average of each set of 10 trials was calculated. The overall level of post-

synaptic reciprocal inhibition was determined by calculating the percent

decrease in the H-reflex amplitude due to the conditioning stimulation.

flexibility Measurement

The ankle dorsiflexion range of motion (ROM) was measured by the

following protocol. Blindfolded subjects were tested in the semi-reclined

position with their hip at 90° of flexion and knee angle fixed at 60° of

flexion on an isokinetic dynamometer (Biodex System 3, Biodex Medical

Systems Inc, Shirley, NY). Positioning of the subjects was recorded

during the initial testing session to limit experimental error and changes in

muscle length at subsequent testing sessions. A protocol of passive

dorsiflexion was used to measure soleus extensibility or ROM. After the

subject indicated they were ready, the left ankle was moved to a starting

position of 90° and the subject was instructed to relax the muscles of the



lower leg and concentrate on the sensation of the stretch. The

dynamometer then passively moved the ankle into dorsiflexion at

2°/s1. Subjects used a hand-held switch to stop ankle dorsiflexion at the

maximal tolerable stretch. The final position was designated as the point

of maximal passive dorsiflexion.

Four trials were given per data collection. The first trial was used

during each session to familiarize the subjects to the protocol. The

average of the final three trials was used in data analysis.

Stretching

Following baseline spinal reflex and flexibility testing, each subject

in the experimental group was instructed on proper stretching technique

(Figures 3-5). The stretches used in the study were chosen because they

have been shown in previous work to elicit changes in the flexibility of the

soleus musculature (Guissard & Duchateau, 2004). The static stretching

program was designed to increase the flexibility at the maximum tolerance

level of dorsiflexion for each subject. Subjects were instructed to perform

each stretch 5 times per day for 30 seconds. Subjects were also asked to

rest for 30 seconds between each stretch. Total time spent stretching and

relaxing during each session was approximately 15 minutes.



Figure 3: Calf stretch on step: subject placed their forefoot on the
step while the heel hangs off over the edge of the step and their knee
remains slightly bent to isolate the soleus. We then encouraged them
to lower their bodies until tolerance while maintaining a slightly bent
knee.

Figure 4: Standing calf stretch: subject stood with the left leg behind
the right leg (may be slightly bent). The left leg was bent at 1O2O% of
f]exion (or knee approximately 12-14 cm in front of left toe), with the
hands placed against the wall. Then, the subject slowly leaned forward
approaching the wall by increasing the bend in the right leg while



maintaining the 1O2O% bend in the left leg to isolate the soleus. If not to
tolerance, move left leg back and repeat until tolerance.

Figure 5: Forefoot on wall standing calf stretch: subject placed the
forefoot of their left leg upon the wall while maintaining 1O-20°h knee
flexion. Then, move body and hips toward the wall while maintaining
position until tolerance. If not to tolerance, move forefoot higher on the
wall and repeat until tolerance.

Statistical Analysis

A 2 [Group] X 2 [Sex] X 3 [Time] mixed design MANOVA was used

to analyze the data. The dependent measures included in the analysis

were: H-reflex gain (Hslp/Mslp), Hmax/Mmax, percentage of pre-synaptic

inhibition, percentage of post-synaptic reciprocal inhibition, and

dorsiflexion ROM. A Tukey HSD was used to determine which means

significantly differed when appropriate. Alpha level was set at 0.05.

Additionally, we calculated test-retest reliability using values for all

dependent variables. The intersession reliability over two trials was

estimated using an Intraclass Correlation Coefficient [ICC (2,2)] (R)

(Shrout and Fleiss, 1979). Baseline and six-week values were used with
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the control subjects for the reliability analysis. All statistical analyses were

performed using SPSS software, version 11.5 (SPSS, Inc., Chicago, IL).

RESU LTS

The 2 [Group] X 2 [Sex] X 3 {Time] mixed MANOVA of H-reflex

gal n, Hmax/Mmax ratio, pre-synaptic inhibition, post-synaptic reciprocal

inhibition, and flexibility did not yield a significant 3-way interaction (P>

0.05). However, the analysis revealed a significant 2-way Group X Time

interaction (F = 16.36, P<0.001). All mean ± SE data appears in Table 1.

As a follow-up analysis, a univariate mixed measures analysis was used.

As seen in Figure 6, the significant Group x Time interaction was only

identified for the dependent variable ankle flexibility (F = 12.94, P <

0.001). As seen in figure 6, the experimental group had significantly

improved ROM from baseline to 3 weeks (mean= 6.2° ± 0.88, P < 0.001),

3 weeks to 6 weeks (mean = 4.9° ± 0.84, P < 0.001), and baseline to 6

weeks (mean = 11.2°± 0.91, P < 0.001). Additionally, Figure 6

illustrates the ankle dorsiflexion in the control subjects during the six

weeks was not significantly different (P > 0.05), indicating that the ROM

measurements we employed were consistent.



48

Experimental
Group

Female Male
Baseline 3weeks 6weeks Baseline 3weeks 6weeks

ROM (degrees) 27.4 + 1.8 35.1 + 1.5 40.4 + 1.8 25.6 + 1.8 30.4 + 1.6 35.8 + 1.8
Hgain(Hslp/Mslp) 2.2 + 0.4 2.1 + 0.5 2.0 + 0.3 2.0 + 0.4 2.2 + 0.5 2.4 0.3
HmaxlMmax .745 + 0.06.668 + 0.06.665 + 0.06.782 + 0.06.748 + 0.06.781 + 0.06
Pre-synaptic Inhibition 23.3 + 4.2 20.9 + 4.6 16.5 + 4.0 10.8 + 4.2 18.6 + 4.6 18.4 + 4.0
Reciprocal Inhibition 9.8 + 2.1 8.3 + 2.7 14.1 + 2.3 5.8 + 2.1 11.7 + 2.7 4.8 + 2.3

Control Group
Female Male

Baseline 3 weeks 6 weeks Baseline 3 weeks 6 weeks
ROM (degrees) 32.8 + 1.8 32.8 + 1.6 33.2 + 1.8 30.8 + 1.8 31.0 + 1.6 31.2 +1.8
Hgain (HslplMslp) 2.5 + 0.4 2.7 + 0.5 2.1 + 0.3 2.2 + 0.4 2.6 + 0.5 2.0 + 0.3
HmaxlMmax .787 + 0.06.807 + 0.06 .778 + .06.844 + 0.06.856 + 0.06.869 + 0.06
Pre-synaptic Inhibition 16.6 + 4.2 17.9 + 4.6 18.4 + 4.0 15.4 + 4.2 17.9 + 4.6 15.6 + 4.0
Reciprocal Inhibition 7.2 + 2.1 8.0 + 2.7 11.7 + 2.3 3.6 + 2.0 4.0 + 2.7 5.2 + 2.3

Table 1: Mean ± SE for all flexibility and spinal reflex measures of the
soleus taken at baseline, week 3, and week 6 for males and females.
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Figure 6: Increase in ankle dorsiflexion. Graphed data are means ± SE for
20 control subjects and 20 experimental subjects. Baseline to 3 weeks
yielded a 24% increase in ankle dorsiflexion, 3 weeks to 6 weeks yielded a
15% increase in ankle dorsiflexion, and baseline to 6 weeks yielded a 42%
overall increase. Significant difference from baseline value: * P < 0.001.



Spinal Reflex Activity

The analysis of Hmax/Mmax, H-reflex gain, pre-synaptic inhibition,

and post-synaptic reciprocal inhibition did not yield any significant Group X

Sex X Time or Group X Time differences throughout the six-week study.

Figure 7 illustrates that the Hmax/Mmax in the control subjects during the

six weeks did not significantly change (P > 0.05). Figure 8 and 9 illustrate

the pre-synaptic and post-synaptic means within the experimental

condition throughout 30 stretching sessions.

Figure 7: Illustration of Hmax/Mmax over 30 stretching sessions. Graphed
data are means ± SE for 20 control subjects and 20 experimental subjects.
Within the experimental group, Baseline to 3 weeks yielded a 7% decrease
in H-reflex output, 3 weeks to 6 weeks yielded a 2% increase in H-reflex
output, and baseline to 6 weeks yielded a 5°Io overall decrease in H-reflex
output. There were no significant neurological differences (P > 0.05).
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Figure 8: Illustration of the percentage of pre-synaptic inhibition present
over 30 stretching sessions. Graphed data are means ± SE for 20
experimental subjects. Within the female group (n=10), Baseline to 3
weeks yielded a 11% decrease, 3 weeks to 6 weeks yielded a 21%
decrease, and baseline to 6 weeks yielded a 29% overall decrease in pre-
synaptic inhibition. Within the male group (n=10), Baseline to 3 weeks
yielded a 71% increase, 3 weeks to 6 weeks yielded a 1% decrease, and
baseline to 6 weeks yielded a 70% overall increase in pre-synaptic
inhibition. There were no significant neurological differences (P> 0.05).

The inter-session reliability (ICC 2,2) performed on the control

subjects to assess the measurement protocol of Hmax/Mmax had excellent

reliability (R = .94), ROM (R= .98) had excellent reliability, Hslp/Mslp (R=

.50) had moderate reliability; pre-synaptic inhibition (R= .81) had good

reliability, and reciprocal post-synaptic inhibition (R= .79) had moderate

reliability.
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Figure 9: Illustration of the percentage of post-synaptic reciprocal
inhibition present over 30 stretching sessions. Graphed data are means ±
SE for 20 experimental subjects. Within the female group (n=10),
Baseline to 3 weeks yielded a 15% decrease, 3 weeks to 6 weeks yielded a
70% increase, and baseline to 6 weeks yielded a 44% overall increase in
post-synaptic inhibition. Within the male group (n=10), Baseline to 3
weeks yielded a 102% increase, 3 weeks to 6 weeks yielded a 59%
decrease, and baseline to 6 weeks yielded a 17% overall decrease in post-
synaptic inhibition. There were no significant neurological differences (P>
0.05).

DISCUSSION

The purpose of the study was to identify if spinal reflexive output

changes occur as a result of long-term static stretching and measure the

influence pre-synaptic and post-synaptic reciprocal mechanisms play in the

increase of flexibility. The results from this study allow us to conclude that

15 and 30 sessions of static stretching of the soleus muscle increased

ankle dorsiflexion PROM 24% and 42%, respectively. However, no
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significant spinal reflex changes occurred concurrently with flexibility

increases.

Spinal Reflexive Output

Few studies have investigated the spinal reflexive mechanisms

changes to long-term static stretching resulting in a limited understanding

of the neural elements role with enduring increases in flexibility. It is well

documented that H-reflexes decrease during the performance of an acute

static muscle stretch (Condon SM, Hutton RS, 1987; Guissard N,

Duchateau 3, Hainaut K, 1988; Nielsen 3, Crone C, Hultborn H, 1993).

Recently, authors have postulated that the decrease in H-reflex amplitude

during the stretching is caused by both pre-synaptic and post-synaptic

mechanisms (Guissard, Duchateau, and Hainaut, 2001; Guissard &

Duchateau, 2004). During the small amplitude stretching, changes in pre-

synaptic mechanisms were found to inhibit H-reflex amplitude while large

amplitude stretches were attributed to changes in post-synaptic

mechanisms (Guissard, Duchateau, and Hainaut, 2001). Guissard and

Duchateau hypothesized that the H-reflex changes observed after six-

weeks of static stretching were due to both pre-synaptic and post-synaptic

mechanisms; however, the relative contribution or the portion of the spinal

reflexive loop where the H-reflex decrease occurred was not assessed

(2004). Therefore, the central question we addressed was whether the

spinal reflexive output changes observed as a result of a long-term static
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stretching program were located at pre-synaptic or post-synaptic origins

within the circuit.

The reflex amplitudes measured in this study depicted that the

neural elements did not modify to a long-term stretching program,

therefore, the 42°h increase in ankle dorsiflexion after six weeks of

stretching were not due to spinal reflex adaptations. Additionally, the lack

of significant spinal reflexive output with our results could not be attributed

to either pre-synaptic or post-synaptic reciprocal mechanisms. To our

knowledge, one prior study had addressed this central question (Guissard

and Duchateau, 2004). The results of that study identified that the H-

reflex was inhibited 14% after 30 static stretching sessions or six weeks of

training at five times per week. The H-reflex amplitudes measured in our

study were inhibited at 6 weeks by 5%. Guissard and Duchateau's (2004)

data demonstrated 14% inhibition in H-reflex output was associated with

an increase of 31% in ankle dorsiflexion. We found a 5% H-reflex

inhibition compared to pre-training values with a 42% increase in ROM.

Therefore, our observations support the authors' findings that perhaps

significant mechanical changes occur in the muscle (Guissard and

Duchateau, 2004). However, our findings refute the findings that a neural

adaptation of H-reflex output occurs with significant increases in flexibility

at 6 weeks.
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One possible explanation of the discrepancy in our results may have

been differences in the way we calculated Hmax/Mmax measures.

According to Figure 4 in the manuscript, Guissard and Duchateau (2004)

had a ratio at or near 1 for measurements taken at weeks 2 and 4. The

Hmax/Mmax was measured, as a percentage of the original, so the

analysis the authors used remains unclear to the reader. It appears that

the authors used the percentage as their dependent measure in their

analysis, however they state that they used Hmax/Mmax. We used the

ratio for our Hmax/Mmax measurements with a range throughout testing

from 0.6 to 0.8. Additionally, we measured H-reflex gain (Hslp/Mslp) as

well to limit the potential error of the collision effect at Hmax. Our data for

Hmax/Mmax and H-reflex gain yielded no significant difference at six

weeks when compared to baseline. Therefore, methodology differences

between the two studies may be responsible for the conflicting results that

we observed.

Another potential difference between the studies may have been

the stretching program that was implemented. Due to fact that

neurological measures were assessed in the soleus, our stretching program

differed slightly in that we had our subjects perform the three exercises

with their knees bent to limit the influence of the gastrocnemius. Guissard

and Duchateau's (2004) standing calf stretches, as well as an additional

long sitting calf stretch, were performed with the knee straight. Our PROM
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with the knee bent to 600 increased 42% compared to Guissard and

Duchateau's (2004) 31% following six weeks of the stretching. The

additional stretching of the gastrocnemius in the Guissard and Duchateau

(2004) study possibly may have enhanced recurrent inhibition supplying

the homonymous and synergist muscles by activating Renshaw cells from

descending controls which project to Ia interneurons mediating reciprocal

inhibition (Katz R & Pierrot-Deseilligny E, 1999). Therefore, the

descending characteristics could have caused a greater inhibition of H-

reflex output by way of changes developed over time in the recurrent

pathway. The ability of slight alterations in similar long-term dorsiflexion

stretching programs to significantly influence H-reflex output is unknown,

thus requiring furthur investigation.

Spinal Reflexive Sex Characteristics

Neurological differences between the sexes have been documented

in other areas of research. For example, it has been shown that females

use different muscle activation patterns in response to a knee perturbation

(Huston U and Wojtys EM, 1996). Specifically, females have

demonstrated activation of their quadriceps prior to their hamstrings

following a knee perturbation. However, this finding was contrasted where

males activated their hamstrings prior to their quadriceps following the

same knee perturbation (Huston U and Wojtys EM, 1996; Schultz SJ,

Perrin DH, Adams 3M, et al., 2001). With the understanding that
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neurological differences between the sexes have been documented in

neurophysiology, we were interested in determining if a sex difference

existed in the utilization of the spinal reflex pathway following a long-term

stretching program. One possible explanation for the discrepancy between

the findings of Guissard and Duchateau (2004) and our results may have

been the fact that our groups were balanced with an equal number of

males and females, while theirs had twice as many males as females.

Based on the results of this study, significant differences in spinal

reflexes did not appear to occur between the male and female subjects in

their responses to a long-term static stretching program. While the H-

reflex output did not significantly diminish with increases in flexibility, the

pre-synaptic and post-synaptic reciprocal inhibition appeared to react

differently depending on the sex of the subject. As illustrated in figure 8,

the 10 females in the experimental group reduced the level of pre-synaptic

inhibition by 29% at 6 weeks from baseline, while the 10 males increased

their respective levels of pre-synaptic inhibition by 70%. In contrast as

illustrated in figure 9, the 10 females in the experimental group increased

the level of post-synaptic reciprocal inhibition by 44% at six weeks from

baseline, while the 10 males decreased their respective levels of post-

synaptic reciprocal inhibition by 17%. The net effect was no Group X Time

interaction with regard to pre-synaptic and post-synaptic reciprocal

inhibition. The amount of influence the disynaptic reciprocal Ia inhibition
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or post-synaptic mechanism had on females appeared larger than that of

males regardless of group. Therefore, the spinal reflexive mechanisms by

which males and females use to modulate H-reflex output may vary. To

our knowledge, levels of pre-synaptic and post-synaptic reciprocal

inhibition have yet to be measured, particularly between males and

females. Future research might examine the influence sex differences

have in levels of pre-synaptic and post-synaptic reciprocal inhibition. If a

difference between the sexes is identified, the training and rehabilitation

techniques provided may modify.

In conc'usion, 6 weeks and 30 sessions of static stretching

increased the flexibility of maximal ankle dorsiflexion, however, the

improvement of flexibility was not due to the spinal reflex pathways. Our

findings suggest that mechanical and/or stretch tolerance influences are

responsible for the increased ankle flexibility observed after a long-term

stretching program. Future studies should assess the existence or

magnitude of sex differences in neurological measures of pre-synaptic and

post-synaptic reciprocal inhibition, examine slight differences in the

stretching program to include straight leg and bent-knee stretches, as well

as increase the duration of the stretching and testing protocol to evaluate

when or if spinal reflex influences occur.
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Chapter 4: Conclusion
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Summary

Few studies have investigated the changes in spinal reflexes to a

long-term muscle-stretching program. In 2004, findings that the decrease

or inhibition of the H-reflex resulting from long-term stretching suggested

that the synaptic transmission of Ia afferents to the MN pool is significantly

reduced (14%) after 6-weeks of static stretching (Guissard and Duchateau,

2004). The authors inferred that the H-reflex changes as a result of long-

term stretching might be related to corresponding increases in the level of

pre-synaptic and/or post-synaptic inhibition. However, the amount of

inhibition that each of these mechanisms contributes to the reduction in H-

reflex had yet to be clearly established.

Hmax/Mmax ratio represents the connectivity between sensory and

motor nerves in the spinal reflexes, which are induced by Ia afferent inputs

artificially evoked by electrical stimulation over a superficial nerve

(Schieppati, 1987). However, inhibition of the Hmax/Mmax can occur from

a collision effect (CE) occurring between a descending central command

causing a H-reflex discharge and an ascending antidromic motor volley

within a-motor nerves as the M-wave increases (Funase K, Higashi T,

Yoshimura K, 1996; Funase K, Imanaka K, Nishihhira Y, 1994; Kandel ER,

Schwartz JH, Jesse(l TM, 2000). The collision effect threatens the

assumption that the Hmax/Mmax is able to measure the maximal
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percentage of MNs excited in a target MN pool. To address this threat,

Funase et al. has developed and proposed a measurement methodology,

H-reflex gain (Hslp/Mslp), which may be a superior method for evaluating

the excitability of the MN pool than the Hmax/Mmax ratio (Funase K,

Imanaka K, Nishihhira Y, 1994; Funase K, Higashi T, Yoshimura K, 1996).

Our results indicate that H-reflex gain (Hslp/Mslp) has excellent test-retest

intersession reliability of R= 0.95. Therefore, measures of H-reflex gain

(Hslp/Mslp) in the human soleus are consistent and reliable day-to-day.

The amplitude of the H-reflex depends on the excitation and pre-

synaptic inhibition of Ia afferent input to the a-MNs (Misiaszek JE, 2003).

While H-reflex gain may be deemed the most effective method of

measuring MN pool excitability, pre-synaptic mechanisms can influence the

motor output available for a target MN pool. Therefore, the level of

inhibition created by pre-synaptic mechanisms was evaluated. However,

to our knowledge, the reliability of the measure of pre-synaptic inhibition

had yet to be reported in the literature. Our results indicated that the test-

retest intersession reliability of pre-synaptic inhibition was excellent

(R=0.91). The average percentage of pre-synaptic inhibition during the

first session was 29.8 ± 15.86 while the average percentage on the

subsequent test session was 29.6 ± 14.41. Thus, measures of pre-

synaptic inhibition in the human soleus are consistent and reliable day-to-

day.



In our second study, we evaluated and measured both pre-synaptic

and post-synaptic reciprocal mechanisms. Our findings yielded no

significant spinal reflex changes throughout 30 sessions or six weeks of

static stretching. The experimental group had significantly improved ROM

from baseline to 3 weeks (mean= 6.2° ± .88, P < 0.001), 3 weeks to 6

weeks (mean = 4.9° ± .84, P < 0.001), and baseline to 6 weeks (mean =

11.2°± .91, P < 0.001). Ankle dorsiflexion increased by 42% in the

experimental group after six weeks of static stretching, however, the spinal

reflex pathways did not change at any point of the study contrasting

current literature. Therefore, we believe that the increase in flexibility

after 6 weeks or 30 stretching sessions were found to be the result of

changes in mechanical and/or stretch tolerance and not spinal reflex

adaptations.

Interestingly, differences did appear to be present between the

male and female subjects in their responses to a long-term stretching

program. While the overall inhibition of the H-reflex did not significantly

decrease (5% Hmax/Mmax), the pre-synaptic and post-synaptic reciprocal

inhibition appeared to react quite differently depending on the sex of the

subject. Females in the experimental group reduced the level of pre-

synaptic inhibition by 29% at 6 weeks from baseline, while the 10 males

increased their respective levels of pre-synaptic inhibition by 70%.

Contrastly, the 10 females in the experimental group increased the level of



post-synaptic reciprocal inhibition by 44% at six weeks from baseline,

while the 10 males decreased their respective levels of post-synaptic

inhibition by 17°Io. The net effect was no Group X Time interaction with

regard to pre-synaptic and post-synaptic reciprocal inhibition. However,

males increased the percentage of pre-synaptic inhibition while decreasing

their percentage of post-synaptic reciprocal inhibition even as females

increased the percentage of post-synaptic reciprocal inhibition while

decreasing the amount of pre-synaptic inhibition. To our knowledge, levels

of pre-synaptic and post-synaptic reciprocal inhibition have yet to be

evaluated and measured, particularly between males and females. Future

research might examine the influence sex differences have in levels of pre-

synaptic and post-synaptic reciprocal inhibition.

The findings from these studies will facilitate understanding of the

spinal reflex neural mechanisms of the spinal reflexes responsible for

increases in flexibility over a long-term stretching program. Additionally,

these findings will begin to clarify how and where the neural mechanisms

of the spinal reflex pathway mediate flexibility. From this understanding,

clinicians may begin to tailor prevention and rehabilitation techniques of

orthopedic injuries to enhance performance and limit potential injury.

Although this study will contribute to the scientific literature base, it

is not without limitations. One limitation to our study was the large

baseline differences between male and female subjects in our experimental



group with the dependent measures of pre-synaptic and post-synaptic

reciprocal inhibition. The inverse trend of levels of pre-synaptic and post-

synaptic reciprocal inhibition differences over time may have been due to

the initial baseline discrepancy. Future research should include a larger

subject group to increase the statistical power because of the inherent

variability of these measures.

Additionally, our study was potentially limited because we did

account for stretch tolerance as a potential confounding variable in our

flexibility measures. We recommend that future research conducted in

this area measure both passive and active ROM as a dependent variables

in order to assess stretch tolerance.

An area of interest that emerged from this study was the potential

effects of sex on H-reflex output, specifically, if the location on the spinal

reflex pathway changes as a result of stretching or if differences between

the sexes exit at baseline. Additionally we recommend that a variety of

stretching programs such as: PNF, bent-knee, straight knee, etc., be

included in stretching and flexibility research.

These suggestions are some of the areas where further inquiry can

continue to assist in the understanding of how spinal reflexes are affected

by long term stretching programs. This level of understanding will assist

athletes, athletic trainers, physical therapists, doctors, and researchers in

the areas of injury prevention and rehabilitation.
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Background

Stretching

Static stretching methods have been shown to increase joint range

of motion (ie. flexibility) which is thought to be useful for preventing

injuries and increasing one's athletic performance (Hortobagyi T, Faludi, 3,

Tihanyi 3, et al., 1985; Wilson Gi, Wood GA, Elliot BC., 1991). Etynyre and

Abraham (1986) described stretching as instructing a subject to relax while

tension is maintained on a lengthened muscle for a period of time26.

Within a systematic review of the literature to identify and assess

the efficacy of stretching, Weldon and Hill (2003) found that four articles

reduced exercise related injury while three studies found that stretching

had no impact on the incidence of injury. The articles were of varying

quality, with only two scoring greater than 50 points out of 100 point scale

developed by the authors (Weldon & Hill, 2003). The authors concluded

from their review that, "due to the paucity, heterogeneity and poor quality

of the available studies no definitive conclusions can be drawn as to the

value of stretching for reducing the risk of exercise-related injury" (Weldon

& Hill, 2003).

To demonstrate this inconclusive connection, we examined two

studies with similar designs and differing results. One article that supports

the notion that stretching does not prevent injury rate was by Pope et al.

(1998) on military recruits in Australia. Ankle dorsiflexion and injury risk
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was performed on over 1,000 recruits who were to undertake 12 weeks of

intensive training. The recruits were either placed into a static stretching

group of the triceps surae muscles or the upper body muscles. Onty 48

injuries occurred over the 12 weeks with all of the recruits. While ankle

dorsiflexion was found to be a significant predictor of injury, the effect

stretching had on injury was non-significant and could not be detected.

Therefore, no causal relationship could be inferred by the authors that

stretching or dorsiflexion range of motion is a predictor of injury (Pope et

al., 1998). In a study that supports these findings in humans, Black &

Stevens (2001) found that stretching of the mouse extensor digtorum

longus (EDL) did not reduce the work or force deficit resulting from a

contraction induced injury.

Contrastly, in the Amako et al. (2003) study, an experimental static

stretching group that performed 18 exercises before and after activity and

a control group that did not perform the stretching were assessed. The

total injury rate between the groups was almost identical. However,

muscle/tendon strain or injury and pain in the low back were lower in the

stretching group while the bone and joint injuries remained unaffected

(Amako et al., 2003). The authors suggested that stretching may prevent

muscle/tendon or overuse injuries, but have no effect on large trauma

injuries to the bone or joint (Amako et al., 2003). Therefore, the principles

of stretching and the potential influence as a predictor and limiter of injury
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remains unresolved, however, the foundations of the changes in flexibility

that occur still remain an issue that requires investigation.

Contributory elements of stretching

Increases in flexibility found at rest have been attributed to both

mechanical and neural factors in acute stretching activities (Guissard N,

Duchateau 3, Hainaut K, 2001). The mechanical factors include changes in

the passive tension-length relationship, viscoelastic properties of the

muscle-tendon unit, and reduced passive tension of a given muscle length.

Thus, periods of static stretching to isolated muscles will induce acute

changes in the length-tension relationship and where less passive tension

force is produced for a given length and greater muscle flexibility is

detected (Taylor DC, Dalton 3, Seaber AV, et al., 1990). These changes

are related to the viscoelastic properties of muscle tissue (Magnusson SP,

Simonsen EB, Aagaard P, et al., 1996), and these are commonly attributed

to the passive elastic tensions in both connective tissues and myofibrils

(Magid A, Law DG, 1985).

Contrastly, Magnusson et al., (1996) have investigated the tissue

properties and stretch tolerance of stretching by assessing resistance to

stretch (torque) while measuring muscle activity (EMG) as well as velocity.

The authors found that stiffness, energy, and peak torque about the knee

were not significantly different as a result of training and concluded that

reflex activity does not limit range of movement or increase range of



79

motion from long-term training (Magnusson et al., 1996). Therefore, the

author's inferred that the changes found with increases in range of motion

about the knee were due to "stretch tolerance" on the part of the subject

and not the viscoelastic or mechanical properties of the muscle

(Magnusson et al., 1996).

In addition to these mechanical adaptations, it has been suggested

that part of the limiting factor in muscle resistance is caused by tonic reflex

activity or neuromuscular components (Guissard et al., 2001). The neural

mechanisms commonly considered in the rationale for stretching include

the homonymous and reciprocal influences of muscle spindles and Golgi

tendon organs (Etnyre BR, Abraham LD, 1986). Additionally, it has been

documented that neural adaptations contribute to increases in range of

motion (ROM) during stretching (Avela 3, Kyrolainen H, Komi P, 1999;

McHugh MP, Kremenic U, Fox MB, et al., 1998). Static stretching of the

triceps surae has been associated with decreased H-reflex amplitude in the

soleus (Etnyre BR, Abraham LD, 1986; Nielsen 3, Crone C, Huitborn H,

1993). The amount of inhibition or decrease in the H-reflex was related to

the magnitude of an acute static stretch (Guissard N, Duchateau 3, Hainaut

K, 1988; 2001). Therefore, the decreases in H-reflex amplitude during

stretching suggests that neural changes occur and contribute to muscle

lengthening (Guissard N, Duchateau 3, Hainaut K, 1988), by reducing the

neural input to the MN pool (Etnyre BR, Abraham LD, 1986; Nielsen J,



Crone C, Huitborn H, 1993). While a decrease in the neural input to the

MN pool has been found during acute stretching protocols, few studies

have examined the long-term effect of stretching and the potential

neuromuscular changes that occur over time. Thus, measuring the

amount of inhibition or neural changes should employ techniques that are

the most effective in examining excitability of a target MN pool over a

chronic muscle-stretching paradigm.

Few studies have investigated the mechanisms of adaptation to

long-term or chronic muscle stretching, thereby, limiting understanding on

whether increases in flexibility are adapted from mechanical or neural

elements. The theory remains that both mechanical and neurological

elements remain integral in increasing flexibility, however their time

courses appear different (Guissard N & Duchateau J, 2004). A decrease in

passive torque of the plantar flexors following a 3-week stretching program

has been reported (Toft F, Geert T, Espersen MD, et al., 1989). The

passive torque of a muscle-tendon unit at rest is not only related to

intrinsic stiffness of the muscle but also to that induced by neural

mechanisms (McHugh MP, Kremenic LI, Fox MB, et al., 1998; Sinkjaer 1,

Toft E, Andreassen S, et al., 1998). It is now well documented that H-

reflexes are decreased during static muscle stretching (Condon SM &

Hutton RS, 1987; Guissard N, Duchateau J, Hainaut K, 1988; Nielsen 3,

Crone C, Huitborn H, 1993) and it recently has been suggested that neural



mechanisms at pre-synaptic and post-synaptic levels are involved

(Guissard N, Duchateau 3, Hainaut K, 2001). The impact of these studies

is that neural adaptations contributed to increased flexibility during

stretching by changing the tonic reflex activity, however, the effect

dissipated or was removed once the stretching ended (Etnyre BR, Abraham

LD, 1986; Guissard N, Duchateau 3, Hainaut K, 1988). Therefore, a central

question to address is whether long-term adaptations of the spinal reflex

occur and remain after a long-term static stretching program. The answer

to this question will begin to provide clarity into the level of contribution

that mechanical and neurological elements respond to a long-term

stretching program.

One study to date has addressed this central question of whether

long-term changes of the spinal reflex occur and remain after a chronic

static stretching program. The results of which identified that the H-reflex

or neural aspects are inhibited or decreased after training with increased

flexibility, but a significant level was only reached after 30 static stretching

sessions or six weeks of training at five times per week (Guissard N &

Duchateau 3, 2004). After one month or 20 stretching sessions, H-reflex

amplitude did not differ from pretraining values. Thus, neural changes or

H-reflex amplitude changes were negligible and that mainly mechanical

adaptations contributed to increased flexibility over one month. Therefore,

the observations led the authors to suggest that significant mechanical



changes in the muscle occur prior to the significant neural changes

(Guissard N & Duchateau J, 2004). Also, the adaptations were found to

dissipate or return to pretraining values at varying time courses as well,

suggesting to the authors that the neural aspects returned at a faster pace

than mechanical elements. The authors concluded that intrinsic muscle

stiffness may be necessary before muscle spindles can be stressed enough

by chronic static stretch training to elicit the adaptations that were

observed (Guissard N & Duchateau J, 2004). In conclusion, the authors

stated that increases in flexibility and decreases in the passive torque of

the muscle-tendon unit occurred at the same position of the ankle joint

over a 30 day or six-week training period. According to the author's

conclusions, the increased ankle flexibility appeared to result from

decreased passive stiffness of the muscle-tendon unit and from reflex

activity. Therefore, the adaptations did not impair force or speed

capacities of the muscle. Consequently, the decrease or inhibition of H-

reflex amplitude infers that MN pool inhibition increased or synaptic

transmission of Ia afferents to the MN pool was reduced after a long-term

static stretching protocol. Thus, measurement of pre-synaptic inhibition

that occurs in a chronic static stretching program can begin to provide

clarity of the neural mechanisms involved in the adaptations to increased

flexibility.



Changes in the neural aspects of stretching are related to changes

in the MN pool excitability (Bulbulian R & Darabos BL, 1986), but it has

been suggested that the soleus monosynaptic reflex can be modulated by

presynaptic inhibition without changes in the MN excitability (Guissard N,

Duchateau 3, Hainaut K, 2001; Stein RB, 1995). The results from Guissard

et at. (2001) study indicated that decreased H-reflex amplitudes from

small-amplitude stretching was related to pre-synaptic mechanisms and

located at the pre-motoneuron level by observing that a decrease in the H-

reflex amplitude occurred while no change occurred in the exteroceptive

(E) reflex (Guissard N, Duchateau 3, Hainaut K, 2001). The larger-

amplitude stretching induced comparable decreases in both the H-reflex

and E-reflex that indicates that postsynaptic inhibitory mechanisms are

now contributing to the pre-synaptic inhibitory mechanisms, which

occurred singly in the small-amplitude stretching. In the study, the motor-

evoked potential (MEP) that the authors examined also was reduced during

large-amplitude stretching. Additionally, both reflexes and the MEP

returned to control values within seconds of the conclusion of the

stretching (Guissard N, Duchateau 3, Hainaut K, 2001). This indicated that

the effects of the stretching were only of short duration. Therefore, long-

term effects of stretching and the impact on pre-synaptic and post-

synaptic mechanisms needs to be investigated across a training regimen to



examine which mechanisms are responsible and adapt to stretching and

increased flexibility.

The observations of Guissard et al (2001) suggested to the authors

that decreased H-reflex amplitude or decreased reflex loop activity should

be related to pre-synaptic inhibition of Ia afferents without changing MN

excitability (Guissard N, Duchateau J, Hainaut K, 2001). The other

possibility at the pre-synaptic level is homosynaptic depression, or

decreased synaptic activity leading to a diminished capacity for synaptic

transmission from the Ia afferents to the MN5 or post-synaptic inhibition

(Crone C & Nielsen 3, 1989; Kohn AF, Floeter MK, Hallett M, 1997).

However, the H-reflexes and E-reflexes recorded at 20-30 seconds after

the beginning of static stretching allows us to suggest that homosynaptic

depression does not play a role in the decrease in H-reflex amplitudes,

because homosynaptic depression has been documented to last

approximately 12 seconds (Hultborn H, Meunier, Morin, et al. 1987;

Nielsen J, Crone C, Hultborn H, 1993). Additionally, the amplitude of the H-

reflex went to baseline when a maximal voluntary contraction of the

triceps surae occurred. Therefore, an active inhibitory mechanism, which

is controlled by the nervous system, is supported, whereby pre-synaptic

and post-synaptic mechanisms are suggested as supporting the changes

(Meunier S, Pierrot-Deseillign E, 1998).
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The Hoffmann Reflex

In the 1950's, P Hoffmann identified a technique to examine the

characteristics of the monosynaptic connections from Ia sensory fibers to

spinal motor neurons in humans. Electrical stimulation of the posterior

tibial and femoral nerves at various intensities evokes two

electromyographic (EMG) responses in the soleus and quadriceps muscles:

the M-wave and the Hoffman or H-reflex (Chapman, Sullivan, Popura,

1991; Hall RC, Nyland 3, Nitz A3, et al., 1999; Hugon M, 1973; Hultborn H,

2002; Hultborn H, Meunier S, Morin, et al., 1987). The H-reflex is readily

measured in the soleus muscle (an ankle extensor). An electrode placed

above the tibial nerve behind the knee can excite the Ia fibers from the

soleus and its synergists. The neuromuscular response can be recorded

and its magnitude depends on the stimulus strength. At low stimulus

strengths a pure H-reflex is evoked since the threshold for activation of the

Ia fibers is lower than the threshold for motor axons. As the stimulus

strength is increased, motor axons supplying the soleus are excited and

two distinct responses are recorded: M-wave and H-reflex. The first

response results from direct activation of the motor axons, and the second

response is evoked by stimulation of the Ia fibers. In time, the H-reflex

occurs after the M-wave (approximately 19 40 ms later) because it

requires a signal to travel to the spinal cord, across a synapse, and back



again to the muscle. Contrastly, the M-wave results from direct

stimulation of the motoneurons.

As the stimulus strength is increased further, the M-wave continues

to become larger and the H-reflex progressively declines. The reduction in

the H-reflex amplitude occurs because action potentials in the motor axons

transmit toward the cell body (antidromic conduction) and negate the

simultaneously evoked action potentials from the same motor axons. At

very high stimulus strengths only the M-wave is evoked (Schieppati M,

1987)

The H-reflex is the result of primary afferent (Ia) stimulation from

muscle spindles, which in turn excites alpha-motoneurons (MN5) in the

anterior horn of the spinal cord (Hugon M, 1973; Schieppati M, 1987). As

more afferent nerve fibers are recruited due to an increase in intensity,

more MN5 will be recruited with in the MN pool (Hopkins JT, Ingersoll CD;

2000; Schieppati M, 1987). This is seen when there is an increase in

amplitude of the H-reflex. If the external stimulus is increased even more,

a second (M-wave) response appears between 5 and 15 milliseconds

(Hopkins iT, Ingersoll CD; 2000). This M-wave is seen due to a direct

stimulation of efferent alpha-MN fibers (Schieppati M, 1987). The maximal

H-reflex is elicited via submaximal nerve stimulation and primarily responds

due to the activation of the slow-twitch motor units (Maffiuletti NA, Martin

A, Babault N, et al., 2001). The maximal M-wave is elicited via



supramaximal nerve stimulation and is said to be the "electrical

counterpart" of the activation of all motor units of the motoneuron pool,

including fast-twitch units (Maffiuletti NA, Martin A, Babault N, et al.,

2001).

When the M-wave approaches maximal amplitude, the H-reflex

amplitude decreases and eventually disappears (supramaximal nerve

stimulation) (Hugon M, 1973). The cause is an antidromic effect or a

depolarization of the MN from backward efferent transmission. When the

efferent nerve fiber reaches threshold, an action potential travels to the

muscle as well as back up the MN to the ceU bodies in the anterior horn of

the spinal cord. The result is a depolarization of the alpha-MN that

precedes the afferent volleys arriving at the anterior horn of the spinal

cord (Funase K, Imanaka K, Nishihira Y, 1994; Latash M, 1998). As a

result, the collision effect prohibits afferent activity from depolarizing the

alpha-MN (Funase K, Imanaka K, Nishihira Y, 1994; Latash M, 1998).

More fibers reach threshold as the stimulus intensity increases which will

eventually lead to all efferent or motor fibers being depolarized (Hugon M,

1973; Latash M, 1998). At this intensity level, the M-wave has leveled and

the H-reflex is not visible (Hopkins iT, Ingersoll CD, 2000).

The utilization of the H-reflex, as a means of studying human

motoneuron excitability, is applied only when an accurate technique for

eliciting and recording the muscle response is available. The effects of



many environmental and physical factors, other than stimulus intensity,

remain unclear with regards to the H-reflex. These factors include: head

position (Chan CW & Kearney RE, 1982; Hugon M, 1973; Kameyama 0,

Hayes KC, Wolfe D, 1989; Schieppati M, 1987; Williams LR, Sullivan S3,

Seaborne DE, et al., 1992), foot placement (Hugon M, 1973; Schieppati M,

1987), electrode placement (Hugon M, 1973; Maryniak 0, Yaworski R;

1987; Maryniak 0, Yaworski R, Hayes KC; 1989; Maryniak 0, Yaworski R,

Hayes KC; 1991; Mongia SK, 1972; Morelli M, Sullivan SJ, Seaborne DE,

1990), frequency (Hugon M, 1973; Schieppati M, 1987), posterior

compartment muscles (Maryniak 0, Yaworski R, Hayes KC; 1991), Fl-reflex

recruitment (Hugon M, 1973), and M-wave recruitment (Hugon M, 1973;

Schieppati M, 1987).

Position of the Head

Hugon postulated that the "head and arms need to be supported, to

eliminate variations in H-reflex excitability due to head position and neck

and shoulder muscle activation," and concluded that different head

positions produced marked changes in the amplitude of the monosynaptic

reflex (Hugon M, 1973). As compared to the control, when the head was

positioned to the right or left it consistently facilitated the H-reflex

amplitude of the right quadriceps and triceps surae musculature

(Kameyama 0, Hayes KC, Wolfe D, 1989). Schieppati contradicted these

findings whereby the H-reflex was found to be facilitated with head



rotation to the right while rotation to the left caused inhibition (Schieppati

M, 1987). Williams et al. (1992) supported Schieppati's (1987) findings

within their reliability study in which the subjects were positioned with

heads facing to the right in respect to the body (Williams LR, Sullivan Si,

Seaborne DE, et al., 1992). Therefore, H-reflex studies should include a

rotation of the head to the right if facilitation is warranted and rotation to

the left if inhibition is warranted.

With the head voluntarily maintained in flexion and extension there

exists symmetrical tonic reflex effects, labyrinthine influences, and

Jendrassik facilitation, which combine to modulate the excitability of the

motoneuron pools of the lower limb musculature (Chan CW & Kearney RE,

1982). The Jendrassik maneuver is the facilitation of H-reflex in the lower

body evidenced during the contraction of remote muscle groups

(Kameyama 0, Hayes KC, Wolfe D, 1989). Variations in the strength of

the remote contraction, and the timing of the contraction relative to the

time of eliciting the reflex, are known to be methodological variables that

influence the degree of reflex facilitation (Kameyama 0, Hayes KC, Wolfe

D, 1989). For example, H-reflex trials performed during 50% and 100% of

maximal handgrip resulted in facilitation of the H-reflex. Interestingly,

50% max-handgrip was shown to enhance the reflex amplitude more than

at 100% (Kameyama 0, Hayes KC, Wolfe D, 1989). Additionally, clinching

the teeth was found to facilitate the amplitude of the H-reflex (Kameyama



0, Hayes KC, Wolfe D, 1989). Therefore, the methodology should include

clinching of the fist or gritting the teeth if facilitation of the monosynaptic

reflex is warranted.

FOOT PLACEMENT

Hugon suggested that the foot placement should be maintained in

dorsiflexion, a position that places the soleus muscle under adequate

stretch that allows optimal activation of the H-reflex (Hugon M, 1973).

This is warranted because relaxation of the gastrocnemius will reduce the

inhibition influence by the afferents on the soleus monosynaptic reflex loop

(Hugon M, 1973). Schieppati found that passive dorsiflexion of the triceps

surae has an inhibition on motoneuron pool excitability of the soleus

muscle (Schieppati M, 1987). This results in a decrease of H-reflex

amplitude. Therefore, further examination is warranted regarding foot

placement during measurement of the H-reflex testing methodology.

Electrode Placement

Standardized procedures for recording the H-reflex were described

by Hugon in the testing of the triceps surae musculature (Hugon M, 1973).

The recording electrodes should be placed 3 cm apart over the soleus

muscle placed along the mid-dorsal line about 4 cm above the point where

the 2 heads of the gastrocnemius joins the Achilles tendon (Hugon lvi,

1973). However, Mongia (1972) found that the duration of H-reflex was

longer with increasing distance between the recording electrodes. The
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active electrode should be proximal in the popliteal fossa near the pathway

of the posterior tibial nerve. Placement of the stimulating electrode was

considered adequate when a threshold stimulus elicited an H-reflex without

a M-wave (Hugon M, 1973).

There has been debate as to the choice of location for electrode

placement on the triceps surae. Variation in electrode location can greatly

affect the amplitude and latency of H-reflex and M-wave responses due to

differential contributions of various muscles that may be activated by

percutaneous stimulation of the posterior tibial nerve (Maryniak 0,

Yaworski R; 1987; Maryniak 0, Yaworski R, Hayes KC; 1989; Maryniak 0,

Yaworski R, Hayes KC; 1991; Schieppati M, 1987). Maryniak measured the

distance between the mid-popliteal crease and the level of the medial

malleolus (Maryniak 0, Yaworski R, Hayes KC; 1991). The researchers

then divided this distance into 8 equal segments on the posterior midline

with 0 referencing the popliteal crease and 8 referencing the flare on the

medial malleolus (Maryniak 0, Yaworski R; 1987; Maryniak 0, Yaworski R,

Hayes KC; 1989; Maryniak 0, Yaworski R, Hayes KC; 1991). Surface

recording electrodes were then placed at levels 3, 4, 5, and 6. The most

distal extent of the soleus was generally close to level 8 or the flare of the

medial malleolus (Maryniak 0, Yaworski R; 1987; Maryniak 0, Yaworski R,

Hayes KC; 1989; Maryniak 0, Yaworski R, Hayes KC; 1991). The

maximum M-wave amplitude was found to increase progressively from
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level 3 to level 6 (p<001) while optimum H-reflex increased linearly

(p<0.O1) as the electrodes moved distally. The maximal H-reflex

amplitude was at level 6. The M-wave latencies and surface recordings

increased linearly from level 3 to level 6 (p<0.01) while the latency of the

H-reflex was unaltered across levels 3,4, and 5 but was significantly longer

at level 6 (p<0.O1) (Maryniak 0, Yaworski R, Hayes KC; 1991).

Specifically, it was found that the latency of the M-wave was so consistent

that the authors were able to calculate the mean conduction velocity (58.3

m/s) (Maryniak 0, Yaworski R, Hayes KC; 1991).

Morelli used peak-to-peak amplitudes to contrast H-reflexes using

Maryniak's 8 level procedure by comparing level 6 with level 858,59,60,69.

The r-values for both H-reflex and M-wave for all subjects were greater

than 0.90 (p<O.001) when comparing these two sites (MoreUi M, Sullivan

Si, Seaborne DE, 1990). Notably, a statistically non-significant difference

was associated with an increase in amplitude at level 8 compared to level

6. Morelli concluded that, although only ten subjects were utilized in this

protocol, the distal site would provide an acceptable alternative to the

"traditional" recording site for triceps surae H-reflex experimental studies

(Morelti M, Sullivan Si, Seaborne DE, 1990). Therefore, a more distal site

of electrode placement compared to Hugon's postulate may be warranted,

although further investigation with a larger subject pool is justified.
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The Posterior Compartment Musdes

Maryniak postulated that H-reflex recorded from the calf

musculature represents a composite response generated by several

different muscles as well as variability among the amplitude of H-reflex

and M-wave responses (Maryniak 0, Yaworski R; 1987; Maryniak 0,

Yaworski R, Hayes KC; 1989; Maryniak 0, Yaworski R, Hayes KC; 1991).

This variability reflects differential contributions of the various muscle that

have been activated by electrical stimulation of the posterior tibial nerve

(Konradsen L & Ravn JB, 1990). A systematic investigation was examined

to: establish whether or not all muscles in the posterior compartment

exhibit an H-reflex, as well as to establish whether there are differences

between the muscles in stimulus threshold for activation, latency of

response, and H\M ratio (Maiyniak 0, Yaworski R, Hayes KC; 1991).

Therefore, monopolar needle electrodes were placed on the soleus, flexor

hullucis longus, and flexor digitorum muscles at level 6. After completion

of testing of these three muscles, the needle electrodes were removed and

repositioned into the medial head of the gastrocnemius, the lateral head of

the gastrocnemius, and the tibialis posterior (Maryniak 0, Yaworski R;

1987; Maryniak 0, Yaworski R, Hayes KC; 1989; Maryniak 0, Yaworski R,

Hayes KC; 1991). Surface recording electrodes were applied at levels 3, 4,

5 and 6 before the testing of the six muscles to identify if a composite

response was elicited via the surface electrodes (Maryniak 0, Yaworski R;



1987; Maryniak 0, Yaworski R, Hayes KC; 1989; Maryniak 0, Yaworski R,

Hayes KC; 1991).

The results of the study indicated that the maximum H-reflex

amplitudes occurred at the same intensity for each of the six muscles. The

study concluded that the flexor hallucis longus, flexor digitorum longus,

and the tibialis posterior are activated at low stimulation thresholds and

will generate potential fields that interact with fields from the triceps surae

(Maryniak 0, Yaworski R, Hayes KC; 1991).

These findings led Maryniak to conclude that all the muscles of the

posterior compartment are concurrently activated by low-intensity

electrical stimulation of the posterior tibial nerve (Maryniak 0, Yaworski R;

1987; Maryniak 0, Yaworski R, Hayes KC; 1989; Maryniak 0, Yaworski R,

Hayes KC; 1991). Additionally, they reported that the amplitude of the

soleus is significantly greater than all the other muscles in the posterior

compartment (Maryniak 0, Yaworski R; 1987; Maryniak 0, Yaworski R,

Hayes KC; 1989; Maryniak 0, Yaworski R, Hayes KC; 1991). Furthermore,

the contribution of various muscles may contribute to the observed

variation in H-reflex latency, amplitude, and waveform, which confounds

Hugon's postulate (Hugon M, 1973; Maryniak 0, Yaworski R; 1987;

Maryniak 0, Yaworski R, Hayes KC; 1989; Maryniak 0, Yaworski R, Hayes

KC; 1991). Understanding of the posterior compartment's composite
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responses and effect on modulation of the H-reflex is warranted in future

H-reflex and M-wave experiments with larger, more diverse populations.

Needle Versus Surface Electrodes

A discrepancy noted in the literature is the type of electrodes to use

when evaluating modulations of H-reflex: needle or surface. Threshold

responses can be detected more readily with intra-muscular needle

electrodes than with surface electrodes on the skin (Hugon M, 1973). A

fine intra-muscular electrode, 100 pm in diameter and insulated except at

the tip, does not distort the distribution of potentials and will record the

potential field produced by the muscle fibers adjacent to it. A larger

needle of 250 pm will reveal both the general electric field and the local

activity of individual motor units (Hugon M, 1973). The unit activities are

distributed over a period of about 12 ms, which gives some indication of

the desynchronization of soleus motor units in the H-reflex (Hugon M,

1973).

Maryniak found that the mean amplitudes and latencies of the M-

wave and H-reflexes using needle electrodes of the six muscles in the

posterior triceps surae were statistically larger than the surface electrode

amplitudes (Maryniak 0, Yaworski R; 1987; Maryniak 0, Yaworski R, Hayes

KC; 1989; Maryniak 0, Yaworski R, Hayes KC; 1991). The monopotar

needle electrodes that were used have been shown to provide a more

stable waveform and to better differentiate between muscles as compared



to the coaxial surface electrodes (Edamura M, Yang iF, Stein RB, 1991;

Maryniak 0, Yaworski R; 1987; Maryniak 0, Yaworski R, Hayes KC; 1989;

Maryniak 0, Yaworski R, Hayes KC; 1991). However, Hugon reasoned that

the use of a needle electrode inserted near the nerve is not necessary and

should be avoided with non-patient subjects (Hugon M, 1973). The

reliability of surface electrodes to measure the H-reflex and M-wave was

examined by Williams who found that both, the H-reflex and M-wave, had

excellent reliability with the majority of coefficients being above R= 0.95

when using surface electrodes.(Williams LR, Sullivan Si, Seaborne DE, et

al., 1992). Therefore, while intra-muscular electrodes may be more

sensitive when used in testing the H-reflex, surface electrodes can provide

sufficient reliability and may be preferred as a non-invasive technique.

However, further investigations with larger samples and a variety of

electrode types should be conducted.

fri-wave Recruitment

Hugon (1973) stated, "the S shape of the M-wave amplitude can be

explained from the distribution of alpha fibers in the nerve trunk." The

largest fibers are excited first, but are few in number resulting in a small

amplitude M-wave. As the stimulus increases, larger quantities of higher

threshold fibers are excited and the M-wave magnitude increases rapidly.

Lastly, the smallest, alpha fibers, which have the highest threshold, are

excited but these are less numerous so the curve rises at a decreased rate
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again (Hugon M, 1973). This exemplifies the rationale for the

gastrocnemius recruitment curve or M-wave be elicited prior to excitation

of the M-wave response in the soleus. The gastrocnemius has larger

aipha-motoneuron fibers at the periphery than that of the soleus (Hugon

M, 1973). Variation in the size of the maximum H-reflex between subjects

is large and the sensitivity of the H-reflex to inhibitory and excitatory

conditioning effects varies with the size of the reflex (Crone C, Hultborn H,

Mazieres L, et al., 1990; Crone C, Jonsen LL, Huitborn H, et al., 1999;

Crone C & Nielsen 3, 1989). As a consequence of this variation, H-reflex

amplitude should be kept constant during different experimental

environments. In order to accurately monitor the size of the H-reflex, the

test reflex size is usually expressed as a percentage of the maximum

amplitude of the M-wave. The smallest as well as the maximal M-wave

responses are equally important control parameters in most experiments in

which the H-reflex method is used (Crone C, Huitborn H, Mazieres L, et al.,

1990; Crone C, Jonsen LL, Hultborn H, et al., 1999; Crone C & Nielsen 3,

1989; Hugon M, 1973).

Crone's experimental procedures maintained constant M-wave

maximum amplitudes during the duration of an H-reflex experiment (Crone

C, Hultborn H, Mazieres L, et al., 1990; Crone C, Jonsen LL, Hultborn H, et

al., 1999; Crone C & Nielsen 3, 1989). Crone systematically studied the

peak-to-peak amplitudes of the M-wave as well as the H-reflex maximum
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responses for a time span over an hour in the soleus as well as the tibialis

anterior (Crone C, Huitborn H, Mazieres L, et aL, 1990; Crone C, Jonsen

LL, Huitborn H, et al., 1999; Crone C & Nielsen 3, 1989). The study

resulted in a clear decrease in the amplitude of M-wave maximum and H-

reflex maximum in healthy individuals (Crone C, Huitborn H, Mazieres L, et

aL, 1990; Crone C, Jonsen LL, Hultborn H, et al., 1999; Crone C & Nielsen

3, 1989). The M-wave maximum decreased by 38% while the H-reflex

amplitude decreased by 57% from baseline over the duration of a 2 hour

long experiment (Crone C, Hultborn H, Mazieres L, et al., 1990; Crone C,

Jonsen LL, Hultborn H, et al., 1999; Crone C & Nielsen 3, 1989). The

author noted that the decrease in H-reflex maximum amplitude was not

related to a proportional decrease in M-wave maximum (Crone C, Hultborn

H, Mazieres L, et aL, 1990; Crone C, Jonsen LL, Huitborn H, et aL, 1999;

Crone C & Nielsen 3, 1989). Both M-wave and H-reflex maximum

responses reached a plateau after about 75 minutes of testing while the

thresholds for activation remained unaltered.

These findings were a striking contrast to the authors' original

hypotheses; therefore, the experiment was repeated on the same subjects

using another stimulator and amplifier. Additionally, the recording disk

electrodes were replaced with adhesive surface electrodes. The soleus M-

wave maximum amplitude decreased similarly even with these

methodological changes of equipment further supporting the original



findings (Crone C, Huitborn H, Mazieres L, et at., 1990; Crone C, Jonsen

LL, Hultborn H, et al., 1999; Crone C & Nielsen 3, 1989).

The M-wave maximum amplitude response represents the activation

of the total motoneuron pool and is assumed to be of constant amplitude

as long as the recording methods and intensity are consistent (Hugon M,

1973; Schieppati M, 1987). This contradicts the preceding findings in

which Crone demonstrated that the amplitude of the M-wave and H-reflex

decreased during extended experiments when the stimulation rate was low

and experimental testing lasted greater than 1 hour (Crone .C, Hultborn H,

Mazieres L, et al., 1990; Crone C, Jonsen LL, Hultborn H, et al., 1999;

Crone C & Nielsen), 1989). This diminished M-wave amplitude was

problematic because the amplitude is used to document the positioning of

the recording electrodes (Crone C, Huitborn H, Mazieres L, et aL, 1990;

Crone C, Jonsen LL, Hultborn I-I, et at., 1999; Crone C & Nielsen), 1989).

The efferent motor unit excitation should not be altered as a result of time.

The activation and M-wave amplitude should remain constant if the

stimulus remains constant.

Crone used standardized testing procedures, so the results

remained trivial (Crone C, Hultborn H, Mazieres L, et al., 1990; Crone C,

)onsen LL, Hultborn H, et aL, 1999; Crone C & Nielsen 3, 1989). Further

investigation is warranted, although, many environmental and positional

factors underlying the protocol were not mentioned in the article.
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Therefore, one must remain skeptical at the findings of this article and

perform reliability tests to examine the consistency of the measure.

H-reflex Recruitment

Hugon (1973) defined H-reflex curves as the "threshold for eliciting

a reflex", by the maximum amplitude obtainable, and by the

"characteristics of extinction when stimuli of greater intensity produce

occlusion between antidromic and reflex orthodromic impulses in the same

alpha-MNs". In other words, the H-reflex disappears as the M-wave or

efferent excitation. The H-reflex is elicited by stimulating high threshold

alpha-MN fibers. These motor units must achieve the maximal amplitude

M-wave response to occlude the H-reflex (Hugon M, 1973). The H-reflex

amplitude starts diminishing when the threshold for excitation is reached

for the M-wave. According to Hugon's experiment on 60 recruitment

curves recorded bilaterally in 12 healthy adults, the H-reflex maximum

amplitude reached a point equal to about 5O% of the maximum M-wave

amplitude (Hugon M, 1973). The threshold values of 51 out of 60

recruitment curves with stimuli between 0.5 and .75 were used for

discussion purposes (Hugon M, 1973). The conclusion is that little

correlation exists between threshold excitability and maximal excitability of

the H-reflex in subjects (Hugon M, 1973).

Due to the length of experimental testing of H-reflex and M-wave

aipha-motoneuron pool recruitment, voluntary contraction of the
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musculature is a confounding factor that needs to be understood by the

practitioner. Hugon (1973) suggested a frequency of stimulation low

enough for the third H-reflex of a series to be more than four-fifths the

height of the first reflex42. Additionally, a stimulus was given at intervals

of 5 seconds or longer to avoid autogenic Ta afferent discharge or

reduction in amplitude (Hugon M, 1973; Schieppati M, 1987).

Schieppati (1987) states that when an agonist muscle relaxes from

a previous contraction, its motoneurons become the target of an

autogenetic Ia afferent discharge initiated by the relaxation. This

elicitation is either from the stimulating electrode or the subject's voluntaiy

contraction. The excitability of the alpha-motoneurons to the soleus

muscle during this down-regulation can be examined using the H-reflex

(Schieppati M, 1987). The amplitude of the H-reflex following an isometric

or isotonic contraction is markedly reduced. In fact, H-reflex decreases

below baseline resting values in spite of EMG activity (Schieppati M, 1987).

Therefore, agonist muscle tension should remain stable throughout

measurement assessments of the aipha-motoneurons with the use of H-

reflex.

Re/lability of Measurement

Over 1,000 published manuscripts have used H-reflex

measurements as dependent measures in the literature; however, fewer

than 20 studies have had a specific aim to reported reliability. Of these
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reliability studies, the findings remain equivocal. The correlation

coefficients range from r=.29 to r=.99 with subjects pools no larger than

20 (Ali & Sabbahi, 2001; Earles DR, Morris HH, Peng 0, et al., 2002;

Handcock P3, Williams LRT, Sullivan SJ, 2001; Hopkins 31, Ingersoll CD,

Cordova ML, et al., 2000, Mcllroy WE & Brooke 3D, 1987; Palmeiri RM,

Hoffman MA, Ingersoll CD, 2002; Williams LR, Sullivan Si, Seaborne DE, et

al., 1992). Therefore, careful attention to the reliability of measurement

has been neglected in this area of study.

The similarities among the selected articles vary considerably with a

lack of continuity in standardization procedures necessary to limit

confounding or extraneous factors known to affect measurement of the h-

reflex. Au utilized both test-retest and within-subject reliability with a

subject pool of 15 (Ali & Sabbahi, 2001). The independent variable was

position with three levels examined: prone, standing, and standing while

carrying 20% of his or her body weight. Electrode placement was

positioned 3 cm below the gastrocnemius. The authors found a test-retest

reliability ranging from r=.29 for prone to r=.59 for the loaded position

while the within reliability ranged from r=.56 to .97 (Ali & Sabbahi, 2001).

They concluded that measurement of the H-reflex in the standing and the

loaded positions was more reliable than testing in the prone position (All &

Sabbahi, 2001). These findings neglected to control for many of the

environmental factors known to attribute to variation in measurement.
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However, Palmeiri found that during two consecutive days with subjects in

the prone position, the intersession reliability (ICC [2,1]) was R=.995 for

H-max, R=.951 for M-max, and R=.975 for H/M ratio in the soleus

musculature (Palmeiri RM, Hoffman MA, Ingersoll CD, 2002). These two

manuscripts were published within the past two years and demonstrate the

amount of diversity in the results reported within this body of literature.

Descriptions of many environmental and controlled factors vary

drastically between manuscripts. One example of an extraneous factor

that remained inconsistent between studies was position of the subject (Au

& Sabbahi, 2001; Earles DR, Morris HH, Peng 0, et al., 2002; Handcock

P3, Williams LRT, Sullivan SJ, 2001; Hopkins JT, Ingersoll CD, Cordova ML,

et al., 2000, Mcllroy WE & Brooke 3D, 1987; Palmeiri RM, Hoffman MA,

Ingersoll CD, 2002; Williams LR, Sullivan SJ, Seaborne DE, et al., 1992).

Three studies examined measurement reliability while the subjects were

prone (Au & Sabbahi, 2001; Palmeiri RM, Hoffman MA, Ingersoll CD, 2002;

Williams LR, Sullivan S3, Seaborne DE, et al., 1992), two studies while the

subjects were standing (Earles DR, Morris HH, Peng 0, et al., 2002;

Hopkins JT, Ingersoll CD, Cordova ML, et al., 2000), one study did not

state the position but followed the protocol as outlined by Hugon (1973) 42

which is assumed to be in the semi-reclined position (Mcllroy WE & Brooke

3D, 1987), and two in the supine position (Handcock P3, Williams LRT,

Sullivan SJ, 2001; Hopkins iT, Ingersoll CD, 2000). The consistency of the



104

measures also varied considerably between these studies with correlation

coefficients ranging from low (r=.29) to extremely high (r=.99) when

measuring the soleus muscle (All & Sabbahi, 2001; Earles DR, Morris HH,

Peng 0, et al., 2002; Handcock P3, Williams LRT, Sullivan Si, 2001;

Hopkins IT, Ingersoll CD, Cordova ML, et aL, 2000, Mcllroy WE & Brooke

3D, 1987; Palmeiri RM, Hoffman MA, Ingersoll CD, 2002; Williams LR,

Sullivan 5), Seaborne DE, et aL, 1992). No studies reported head

position, hand placement, and/or muscle contraction, which are all factors

known to affect amplitude of H-reflex measurement. Three studies

standardized knee angle (Handcock P3, Williams LRT, Sullivan Si, 2001;

Hopkins JT, Ingersoll CD, Cordova ML, et aL, 2000; Williams LR, Sullivan

S.), Seaborne DE, et al., 1992). Three studies standardized ankle angle or

made use of a heel support (which did not provide specific ankle angle

(Hopkins iT, Ingersoll CD, Cordova ML, et al., 2000; Hwang IS, Lin YC, Ho

KY, 2002; LR, Sullivan S), Seaborne DE, et aL, 1992). Interestingly, all

ankle angles were different (Hopkins IT, Ingersoll CD, Cordova ML, et al.,

2000; Hwang IS, Lin YC, Ho KY, 2002; LR, Sullivan Si, Seaborne DE, et al.,

1992). Stimulation intensity was another extraneous factor that remained

variable between studies. One study used 30% Max M (Palmeiri RM,

Hoffman MA, Ingersoll CD, 2002), 20% Max M (Earles DR, Morris HH, Peng

Ci, 2002), 40-80 % range of max H (Mcllroy WE & Brooke 3D, 1987), max

voluntary contraction, and two used 30% max H (Handcock P.), Williams
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LRT, Sullivan SJ, 2001; Williams LR, Sullivan SJ, Seaborne DE, et al.,

1992). Therefore, the stimulation intensity did not remain consistent

between studies (All & Sabbahi, 2001; Earles DR, Morris HH, Peng 0, et

aL, 2002; Handcock P3, Williams LRT, Sullivan S3, 2001; Hopkins 3T,

Ingersoll CD, Cordova ML, et al., 2000, Mcllroy WE & Brooke 3D, 1987;

Palmeiri RM, Hoffman MA, Ingersoll CD, 2002; Williams LR, Sullivan SJ,

Seaborne DE, et aL, 1992).

Head position, hand placement, muscle contraction, stimulation

technique, body posture, foot position, and eye movement are examples of

key factors known to affect H-reflex measurements (Funase K, Imanaka K,

Nishihira Y, 1994; Kameyama 0, Hayes KC, Wolfe D, 1989; Palmeiri RM,

Hoffman MA, Ingersoll CD, 2002; Schieppati M, 1987). The lack of

standardization of these factors within the reliability studies examining H-

reflex measurement in the soleus creates uncertainty regarding the

practical significance of the findings that result from use of the H-reflex to

measure the amount of motoneuron excitability located within a target

motoneuron (MN) pool.

H-reflex Measurement

The Hoffmann Reflex (H-reflex) is a tool used to assess the

excitability of alpha motoneurons located within a target motoneuron (MN)

pool. The utility of the H-reflex as a means of studying stimulus-induced

or task-related changes in human motoneurons excitability depends upon
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the development and utilization of an accurate technique and standardized

protocol for eliciting and recording muscle response. Hugon's (1973)

methodology suggests that the subject be seated "in a state of complete

relaxation" with the electrodes and limb positions arranged prior to

stimulation42.

In order for the H-reflex to accurately reflect changes in

motoneuron pool excitability, investigators must control for extraneous

factors known to affect the amplitude of the H-reflex. These factors

include, but are not limited to, electrode placement (Hugon M, 1973;

Maryniak 0, Yaworski R; 1987; Maryniak 0, Yaworski R, Hayes KC; 1989;

Maryniak 0, Yaworski R, Hayes KC; 1991; Mongia SK, 1972; Morelli M,

Sullivan Si, Seaborne DE, 1990), recording electrode type (Hugon M,

1973; Konradsen L, Ravri 3B, 1990; Maryniak 0, Yaworski R; 1987;

Maryniak 0, Yaworski R, Hayes KC; 1989; Maryniak 0, Yaworski R, Hayes

KC; 1991; Williams LR, Sullivan Si, Seaborne DE, et al., 1992), stimulation

technique, head and body posture, foot position, joint angles, eye

movement, and muscle contraction (Funase K, Imanaka K, Nishihira Y,

1994; Hwang IS, Lin YC, Ho KY, 2002; Kameyama 0, Hayes KC, Wolfe D,

1989; Palmeiri RM, Hoffman MA, Ingersoll CD, 2002; Schieppati M, 1987).

Several investigations have examined intrasession and/or intersession

reliability of the soleus H-reflexes during different testing positions and

with various electrode placements (Ali & Sabbahi, 2001; Hopkins iT,
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Ingersoll CD, 2000; Mcllroy WE & Brooke 3D, 1987; Morelli M, Sullivan Si,

Seaborne DE, 1990; Williams LR, Sullivan Si, Seaborne DE, et al., 1992).

The results of these studies vary with reliability coefficients ranging from

r=.29 to r=.99.

Parameters of Measuring Motoneuron Pool Excitability

Different parameters have been used to evaluate the excitability of

the MN pool using H-reflex and M-waves in human subjects. Three of the

many parameters are: the ratio of the H-reflex amplitude maximum

(Hmax) to the maximal M-wave or motor response (Mmax) (Casabona A,

Polizzi MC< Perciavalle Vt 1990; Matthews WB, 1966), the ratio of the

threshold of the H-reflex (Hth) to the threshold of the M-wave (Mth)

(Davies TW, 1985; Hugon M, 1973), and the recovery curve of the H-reflex

(Pivik RT, Stelmack RM, Bylsma FW, 1988; Taborikowa H, Sax DS, 1969).

However, methodological problems occur with each parameter and a newly

proposed measurement methodology has been found superior in

evaluating the excitability of the MN pool.

One conventional parameter examining the excitability of the MN

pool in the resting state has been Hmax/Mmax. This ratio is assumed to

show the maximal percentage of MNs consisting of a MN pool, which are

induced by Ta afferent inputs that are artificially evoked by electrical

stimulation over a superficial nerve (Schieppati M, 1987). However,

suppression of the Hmax/Mmax can occur from a collision effect (CE)



occurring between a descending central command causing a H-reflex

discharge and an ascending antidromic motor volley within a-motor nerves

as the M-wave increases (Funase K, Higashi T, Yoshimura K, et at., 1996;

Funase K, Imanaka K, Nishihira Y, 1994; Funase K, Imanaka K, Nishihira Y,

et at., 1994). The collision effect described will begin prior to the Hmax

measurement, thus the Hmax will be decreased altering the assumption of

the Hmax/Mmax is able to measure the maximal percentage of MNs

consisting in a target MN pool. Therefore, while Hmax/Mmax has been a

useful tool in examing the excitability of a target MN pool, Funase's

measurement technique should be compared to Hmax/Mmax to conclude

whether H-reflex gain should be employed in future studies.

A second conventional parameter examining the excitability of the

MN pool has been the threshold of the H-reflex (Davies TW, 1985; Kayser

B, Bokenkamp R, Binzoni T, 1993), specifically the ratio of the threshold of

the H-reflex relative to the threshold of the M-wave. In theory, a change

in excitability of MN5 within a MN pool can be responsible for modifying

Hth/Mth. Funase et at. performed a study that investigated whether

dorsiflexion (DF: 10% MVC) and plantarfiexion (PF: 10% MVC) affected

the parameters of Hth/Mth and Hmax/Mmax similarly (Funase K, Higashi T,

Yoshimura K, 1994; Funase K, Imanaka K, Nishihira Y, 1994). No

alteration was observed in Hth/Mth in any of the three conditions (DF, PF,

and rest), whereas, Hmax/Mmax remained unchanged at rest, increased
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during PF, and decreased during DF suggesting that the use of Hth/Mth

ratio as a methodological parameter to assess MN pool excitability should

be re-evaluated. This finding might be explained by the Hth/Mth reflecting

the firing characteristics of the smallest MNs atone due to the Henneman

'size principle' because the order of recruitment will go from small to large

MN5 as the stimulation intensity increases (Henneman et al., 1965). The

'size principle' is one factor that resulted in showing decreased sensitivity

of the Hth/Mth to the changes found in the excitability of the MN pool. An

additional proposed explanation is that the difference in additional

facilitatory or inhibitory effects is dependent on the size of the test H-reflex

and is attributed to the distribution of the intrinsic excitability of the MNs

within the MN pool (Crone C, Hultborn H, Mazieres L, et al., 1990).

Additionally, the Hth/Mth measurement was found to not vary between

patients showing spasticity and normal groups at rest, whereby, the

patients showing spasticity should have shown a significantly higher MN

excitability (Boorman G, Hullinger M, Lee RG, et al., 1991). Therefore,

current research indicates that Hth/Mth is not a sensitive or practical

methodological measurement for evaluating the changes in excitability of a

target MN pool and should not be used to assess differences within or

between subjects.
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According to Funase et al. (1994, 1996), a new methodological

parameter has been identified as a more effective parameter for evaluating

the excitability of a MN pool than are the parameters of the Hmax/Mmax

or Hth/Mth. A study examined whether the developmental slope of the

soleus H-reflex (Hslp) as a parameter for indicating the "reflex gain" can

be an effective measurement tool for evaluating the excitability of a MN

pool and how the measure compared to that of traditional parameters

(Funase K, Imanaka K, Nishihira Y, 1994; Funase K, Imanaka K, Nishihira

Y, et al., 1994). Funase et al. (1994) defined Hslp as the "ratio of the

increase of the number of recruited MN5 (ie. the size of the reflex as

dictated by EMG recordings) to the increase in intensity of artificial stimuli

provided into Ia afferent nerves to evoke H-reflexes." The stimulus

intensity was determined as a range lower than the M-wave in order to

avoid CE. Therefore, in theory and practice, the slope or ratio will depend

only on the excitability of a MN pool and is not related to direct activation

of motor nerves from the artificial stimuli, indicating the specific

recruitment properties of a target motoneuron pool.

Observed changes in the Hslp reflect both changes in the MN

excitability of the soleus target motoneuron pool as well as changes in the

peripheral neuromuscular conditions due to voluntary tonic muscle

contractions. For example, the test on the Hslp values did not reveal any

significant findings when compared across the levels of the independent
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variable (rest, 10% max, 20% max); however, Hslp/Mslp ratios depicted

significant differences among the conditions (Funase K, Imanaka K,

Nishihira Y, 1994). These conditions should theoretically differ from one

another in MN pool excitability. Thus, the ratio of Hslp/Mslp is more

effective than Hslp raw in evaluating or measuring excitability of MN pool

excitability. Results at rest found that each regression coefficient of the

Hslp and Mslp obtained from separate measurements necessarily varies

even when attempts are made to keep the conditions identical. The

variance of the Mslp was attributed by certain uncontrollable experimental

errors, such as subtle postural change or movement of recording and

stimulating electrodes from trial to trial. However, the Hslp changes were

described from arising from two factors: the same as that affecting Mslp

and possible changes in the MN excitability. Thus, the interpretation

indicates that the variation of Hslp for an individual under rest conditions is

mediated primarily from the same uncontrollable factors affecting Mslp,

with changes in the MN excitability not being large enough to reach a level

of statistical significance.

The l-Islp in the rest condition depends on the intrinsic and extrinsic

properties of a MN, which is used to produce the relationship between Ia

sensory input, and the subsequently recruited MNs in the mononsynaptic

reflex loop. Additionally, descending routes from the upper brain also

probably contribute to the MN excitability changes of a target MN pool,
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thus producing the variability of the Hslp in human subjects. The results

also identified that and suggest that individuals may have a specific

characteristic Hslp and Mslp due to peripheral factors, rather than due to

possible changes in the MN pool. Therefore, further investigation is

warranted in this area (Funase K, Imanaka K, Nishihira Y, 1994).

The major conclusion suggested by Funase et at. (1994; 1996) is

that Hslp (reflex gain) is a more effective measurement tool or parameter

for evaluating the excitability of a MN pool than is Hmax and Hth

(threshold). The study suggested that Hslp and Mslp are inherent in each

individual (Funase et al., 1996).

The results from the plantarfiexion and dorsiflexion results were

educational. The Hslp and Hth demonstrated that additional synaptic

inputs onto soleus MNs mainly affect h-reflex gain (Hslp) but not threshold

(Hth). Inhibitory and facilitory inputs are unevenly distributed onto a given

target MN pool, the reflex gain, rather than the reflex threshold (Hultborn

H, 2002). Thus, if the inputs are evenly distributed to all MNs in a target

motoneuron pool, the developmental curve of the H-reflex should shift

(slope), with the reflex gain not being variant. The results indicated that

the Hslp was diminished with increased dorsiflexion and became gradually

steeper when plantarfiexion was stronger.

During plantarfiexion, soleus MNs are facilitated by motor

commands directly descending from the upper brain via the corticospinal
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tract and/or possible increase in activity of the homonymous Ia afferents

from the tonic contracted soleus muscle via the mechanisms of alpha-

gamma co-activation (Collins DF, Brooke 3D, Mcllroy WE, 1993; Funase K,

Higashi T, Yoshimura K, et al., 1996; Funase K, Imanaka K, Nishihira Y,

1994; Misiaszek JE, 2003). During dorsiflexion, the soleus MNs are

inhibited by facilitations of Ia inhibitory interneurons facilitated either

directly by descending commands from the upper brain (Funase K,

Imanaka K, Nishihira Y, 1994), or indirectly by increased Ia activity from

the tonically contracted muscle via alpha-gamma coactivation (Funase K,

Imanaka K, Nishihira Y, 1994; Misiaszek JE, 2003). The results of this

study with a decrease or "alleviation of the slope of the Hslp" in tonic

dorsiflexion and the "steepness of the rise" or increase of the Hslp for

plantarfiexion were and are interpreted in terms of inhibition or facilitation.

Plantarfiexion and dorsiflexion both induced changes in MN pool

excitabillty; the Hslp was alleviated or decreased by inhibitory synaptic

inputs and steepened or increased by facilitory synaptic inputs. The Hth or

threshold of H-reflex did not significantly change under plantarfiexion or

dorsiflexion. Therefore, the results from the study suggest that either an

inhibitory or facilitator-y synaptic changes may be unequally distributed

onto all MN5 in the soleus MN pool, thus changing only the reflex gain (ie.

Hslp) but not the threshold (ie. Hth). This is because the Hth is defined as

a threshold of a particular group of MNs that could be facilitated by
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stimulation at the lowest intensity, and these MNs may not be significantly

affected by either inhibitory or facilitatory synaptic modulations. The Mslp

was alleviated or dissipated under plantarfiexion that is attributable to

peripheral conditions or artificial incident. This effect on the Mslp may also

occur on the Hslp, thus the authors propose that the Hslp/Mslp is a more

effective parameter or measurement for evaluating the excitability of a

target MN pooi within the monosynaptic reflex loop.

Calculating H-reflex Gain

H-reflex gain is the ratio of the nervous system's output divided by

its input (Prochazka A, 1989). Measuring H-reflex gain has been done two

different ways, which provides impetus to describe which technique is

most effective. In original and current studies, the gain of the stretch

reflex was defined to be the muscle activation turned on by a given

stimulus (Funase K, Higashi 1, Yoshimura K, et al., 1996; Funase K,

Imanaka K, Nishihira Y, 1994; Mardsen CD, Merton PA, Morton HB, 1972).

This measurement technique follows the exact definition of H-reflex gain

as the ratio of output (H-reflex) divided by its input (electrical stimulus

intensity). However, research has documented that the reflex gain

increased with preexisting voluntary activity levels (Mardsen CD, Merton

PA, Morton HB, 1972; Hoffman fri & Koceja DM, 2000). Thus, any

voluntary activity can influence the H-reflex gain and EMG activity at the

initiation of stimulation will have an effect on the measurement comparing
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the ratio of muscle activation to stimulation intensity (Hoffman M & Koceja

DM, 2000). Therefore, monitoring H-reflex gain changes without

movement or experimental paradigms where background EMG remains

fixed should require the use of this measurement technique where the

slope is based on the definition of H-reflex gain as the ratio of H-reflex

amplitude or muscle activity output to electrical stimulation intensity or

sensory input (Funase et aL, 1994; 1996).

As a consequence of voluntary activity levels changing during some

experimental protocols, a second measurement technique examining reflex

gain has been implemented and measures H-reflex amplitude at matched

MN background EMG levels. Simply put, the experiment protocols allow

visual feedback of EMG to keep the EMG activity relatively constant

throughout stimulations to alleviate any changes that may occur due to

increased or decreased voluntary activity. Therefore, measurements of H-

reflex gain with this technique is not calculated directly, but inferred based

on the operation definition of reflex gain (Ferris et al., 2001). H-reflex gain

is calculated as the slope of the relationship between H-reflex amplitude

and electromyography (EMG) amplitude (Capaday C & Stein RB, 1987a;

Edamura M, Yang iF, Stein RB, 1991). It has been identified that this

inferred method is increasingly advantageous when the measurements are

taken over a broad range of EMG levels because the accuracy of the H-

reflex gain (Hslp) increases (Ferris DP, Aagaard P, Simonsen EB, 2001).
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Therefore, monitoring H-reflex gain changes during movement or

experimental paradigms where an alteration in the level of background

EMG is involved requires the use of this measurement technique, whereby,

the slope is inferred based on the definition of H-reflex gain as the ratio of

H-reflex amplitude to sensory input.

In conclusion, these two measurement techniques examining H-

reflex gain are most effective in certain and specific experimental

paradigms. If muscle activity remains constant or the angles of the joints

remain unchanged and the subject is at rest, the direct method as outlined

by Funase would be the correct approach. If muscle activity and

background EMG changed throughout the experimental protocol, using the

inferred method of measuring the slope of H-reflex amplitude to

background EMG amplitude should be implemented. Therefore, either

method of calculating H-reflex gain can be implemented, and experimental

protocol and intended outcomes should be used as an investigators guide.

Pre -synaptic Inhibition

H-reflex amplitude depends on the excitation and pre-synaptic

inhibition of Ia afferent input to the a-motor neurons (Chalmers GR,

Knutzen KM, 2002). While H-reflex gain can be seen as the most effective

method of measuring MN pool excitability, pre-synaptic mechanisms are

able to influence the motor output available for a target MN pool.
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Therefore, knowledge of the level of inhibition created by pre-synaptic

mechanisms remains futile for further investigation.

A literal dictionary meaning of pre-synaptic inhibition would be

defined as something that restrains, blocks, or suppresses which is

situated in front or occurring before a synapse. In the studies

investigating the neural activity of reflexes, the something described in the

literal definition is Ia afferent nerves (Zehr EP & Stein RB, 1999). Stein

found that pre-synaptic mechanisms could be used to modulate the H-

reflex without modulating the MN pool itself, while post-synaptic

mechanisms reduce the H-reflex and reduce the EMG level as well.

Therefore, "only pre-synaptic inhibition changes the curve relating the H-

reflex and EMG level." (Stein RB, 1995). Therefore, activation of remote

muscle afferents or reciprocal inhibition will lead to pre-synaptic inhibition

of the Ia afferent and pre-synaptic suppression of the H-reflex (Misiaszek

iF, 2003; Stein RB, 1995; Zehr EP, 2002; Zehr EP & Stein RB, 1999). The

literature has identified that a change in posture of a subject or motion

about one or more joints will lead to changes in the activity of afferents,

which in turn, could lead to alterations in the level of pre-synaptic

inhibition (Mcllroy WE, Collins DF, Brooke JD, 1992). Thus, a simple

change in leg posture, including the contralateral leg (Cheng 3, Brooke 3D,

Misiaszek JE, et al., 1998), as well as an active cycling of arms while the

soleus contraction remains tonic (Collins DF, Gorassini M, Bennett D, et at.,
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2002), is qualitative enough to alter the level of pre-synaptic inhibition.

Also, the onset of a voluntary movement consists of a change in the

excitability of the H-reflex loop, largely by altering pre-synaptic inhibition,

which may reflect a state-dependent change in the general excitability of

spinal systems in preparation for movement (Misiaszek 3E, 2003; Stein RB,

1995; Zehr EP, 2002; Zehr EP & Stein RB, 1999).

Additionally, supraspinal structures appear to contribute to

modulation of H-reflexes in humans. The alteration in excitability as

measured by the H-reflex amplitude was found to be associated with

preparation of movement and not related to changing sensory

requirements of the task, indicating that descending commands prior to

movement alter H-reflex excitability (Collins DF, Brooke 3D, Mcllroy WE,

1993). It has been identified that even mental stimulation of an action

modulates the excitability of spinal reflex pathways as measured by H-

reflex amplitude in man (Bonnet LM, Decery 3, Jeannerod M, et al., 1997),

thus pre-synaptic mechanisms must have influence. Therefore, the level of

pre-synaptic inhibition that is present at the Ia afferent terminals is

affected by direct and indirect factors, each of which could contribute to

variations in the neural aspects of the monosynaptic reflex loop (Misiaszek

JE, 2003; Stein RB, 1995; Zehr EP, 2002; Zehr EP & Stein RB, 1999).

Consequently, an investigation of the level of inhibition must control for all

factors related to the direct changes to pre-synaptic mechanisms on the Ta
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afferent with standardized protocol guidelines that limit movement and

muscle activity located at and away from a target MN pool.

Pre-synaptic and Past-synaptic Inhibition

Measuring pre-synaptic and post-synaptic inhibition is indirect,

because inhibition of a MN pool is not generated within a post-synaptic

cell, but is acted upon from the release of transmitter by interneurons.

Due to this measurement limitation, pre-synaptic fibers are almost always

group Ia muscle spindle afferents and the recording of the a-MN is

generated and coupled with muscle activity in the target muscle via EMG

(Stein RB, 1995). The most common methods for assessing the pre-

synaptic and post-synaptic inhibition of Ia terminals modulating the

afferent volley of the test reflex is induced by a conditioning volley

(Pierrot-Deseilligny E & Mazevet D, 2000; Stein RB, 1995). A conditioning

volley would be a vibration or electrical stimulation to a nerve. The most

common method to study changes in pre-synaptic and post-synaptic

inhibition has been vibration or electrical stimulation applied to the

antagonist, with the common peroneal nerve stimulation being the

antagonist for the soleus (Stein RB, 1995; Zehr EP, 2002). The

stimulation or vibration of the common peroneal nerve produces marked

inhibition of the H-reflex in the soleus that is usually attributed to pre-

synaptic or post-synaptic mechanisms. This inhibition is reduced, or the H-

reflex will increase, with subjects that have conditions in which descending
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control is removed (Stein RB, 1995). Therefore, pre-synaptic and post-

synaptic mechanisms are inferred responsible for the concurrent inhibition

in subjects.

Vibration produces several effects in addition to pre-synaptic

inhibition: Refractory in Ia nerve fibers, transmitter depletion at Ia

terminals, post-synaptic reciprocal and non-reciprocal Ia inhibition, and

excitation of cutaneous or other receptors (Huitborn H, Meunier, Morin, et

al., 1987). Pre-synaptic inhibition is mediated by the action of an

inhibitory interneuron. Wherein, it was demonstrated that in the presence

of pre-synaptic inhibition, there was no change in the post-synaptic

membrane potential, despite activity in Ia afferents (Stein RB, 1995).

Furthermore, the MNs remained receptive to other inputs that were

unaffected by pre-synaptic inhibition. Thus, pre-synaptic mechanisms

selectively alter the transmission in a monosynaptic reflex pathway that is

selective enough to affect different collaterals from the same Ia afferent

(Stein RB, 1995). Therefore, pre-synaptic inhibition can alter the afferent

signal that actually evokes the H-reflex and thus can lead to a separate

pattern of modulation of reflex and motoneuron excitability, which is

typically thought to be the property of post-synaptic cell membrane.

Measurement of Pre-synaptic and Post-synaptic Inhibition

Electrical activation of remote muscle afferents leads to pre-synaptic

inhibition of the Ia afferent, and pre-synaptic suppression of the H-reflex
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(Misiaszek JE, 2003; Stein RB, 1995; Zehr EP, 2002; Zehr EP & Stein RB,

1999). It has been identified that conditioning the soleus H-reflex with

prior common peroneal nerve stimulation at set intervals of up to 120 ms

is considered to increase pre-synaptic inhibition or decrease soleus H-reflex

amplitude (Capaday C & Stein RB, 1987a, lies JF, 1996, Morin C, Pierrot-

Desilligny E, Huitborn H, 1984; Zehr & Stein RB, 1999) and set intervals of

up to 2 ms (1-3.5 ms) is considered to increase post-synaptic inhibition or

decrease soleus H-reflex amplitude (Crone C & Neilsen 3, 1989). The first

of these investigations theorized that an inter-stimulus delay of 25 60 ms

was probably due to pre-synaptic inhibition, whereby changes occurring

less than 25 ms of a delay in stimulations would be the result of reciprocal

inhibition occurring at the post-synaptic location and excitations from

antagonist muscles and greater body musculature of more than 60 ms of a

delay would be due to the effects of cutaneous afferents (Morin C, Pierrot-

Desilligny E, Huitborn H, 1984; Pierrot-Deseilligny F & Mazevet D, 2000).

However, changes in membrane potential are not known due to the study

being performed at rest, thus the MNs were being depolarized and their

conductance was presumably changed as well. Current literature describes

techniques that suggest using an inter-stimulus delay of between 80 and

120 ms to measure pre-synaptic mechanisms (Ties iF & Roberts RC, 1987;

Zehr EP & Stein RB, 1999). Conditioning the H-reflex with prior common

peroneai nerve stimulation at inter-stimulus intervals of 80-120 ms was
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found to increase pre-synaptic inhibition because the control H-reflex (one

without an antagonist vibration or stimulation) compared to that with

increased pre-synaptic inhibition (antagonist stimulus 80-120 ms prior) was

apparent even when the level of MN pool excitability (as measured by

background EMG activation level) was held constant. Therefore, the

change or difference between the control H-reflex amplitude and the H-

reflex amplitude that occurred due to a preceding conditioning stimulus of

the antagonist nerve of 80-120 ms represented a change in pre-synaptic

inhibition and not a change in MN pool excitability (lies iF & Roberts RC,

1987; Zehr EP & Stein RB, 1999). As a result of these findings, future

research should implement an inter-stimulus delay of 80-120 ms when

examining the level of pre-synaptic inhibition.

Vibration or electrical stimulation of the common peroneal nerve

induces pre-synaptic inhibition of the soleus H-reflex pathways (Misiaszek

JE, 2003; Stein RB, 1995; Zehr EP, 2002; Zehr EP & Stein RB, 1999). A

maintained soleus contraction or background EMG is used to identify

changes to the level of pre-synaptic inhibition by a conditioning stimulus.

Thus, H-reflex amplitude is used to assess the extent of pre-synaptic

inhibition generated by this measurement technique. Therefore, any

changes in H-reflex amplitude reflect changes in the level of pre-synaptic

inhibition generated by stimulation of group I afferents from the tibialis
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anterior and stimulation of the common peroneal nerve (Misiaszek JE,

2003; Stein RB, 1995; Zehr EP, 2002; Zehr EP & Stein RB, 1999).

However, limitations are present. It remains difficult to determine

how consistency of stimulation of Ia afferents using vibration, therefore,

electrical stimulation of the common peroneal nerve and monitoring the

amplitude of the direct motor response in TA is preferred (Misiaszek JE,

2003). Also, any interpretation made using this experimental paradigm

examining the level of pre-synaptic inhibition is limited to the specific

pathways being investigated. For example, finding pre-synaptic inhibition

in the soleus by using a conditioning stimuli of the common peroneal nerve

on the TA should not provide evidence that extends to the quadriceps H-

reflex or neural response, even though similar Ia afferents are being used.

In summary, the techniques of using a conditioning stimulus prior to a test

stimulus with a delay of 80-120 ms to investigate pre-synaptic inhibition is

useful, however limitations are present and assume that the conditioning

stimulus is in itself not modulated (Capaday C, 1997). Therefore, any

changes in the level of pre-synaptic inhibition identified within a study

must be taken with the knowledge that measurement error is present.

However, these findings will be useful in the future adaptations, changes,

and structure of the human neuromuscular system.
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Brief Description: Study 1

The Hoffmann Reflex (H-reflex) is a measurement tool by which the
connectivity of the sensory and motor nerves can be evaluated. The reflex
pathway of the H-reflex is similar to that of a knee tendon tap with the
only difference being the hammer is replaced by an electrical stimulation
over a superficial nerve. The reflex pathway is the route by which the
sensory signal is conveyed to a motor response or muscle contraction, thus
the route travels from the electrical signal (ie. Reflex hammer) along
sensory nerves to the spinal cord whereby it will then cross one nerve
connection (synapse) within the spinal cord to a motor nerve that will
stimulate muscle activity. This muscle activity is measured via EMG and
termed reflex output and is used as the measurement tool assessing the
H-reflex.

Two H-reflex measurements identified in the literature that examine the
influences of the reflex pathway are termed H-reflex gain and pre-synaptic
inhibition. The first is termed H-reflex gain, which is the measurement of
the slope of the relationship between H-reflex amplitude and electrical
stimulus intensity. In other words, H-reflex gain examines the slope of the
amplitude of the muscle response to the stimulus intensity change applied
to the sensory nerve (connectivity of the sensory and motor nerves).
While the H-reflex gain measure has been documented in the literature,
the reliability of the measure has not been established. Therefore, one
aim of the study is to examine the reliability and consistency of this
measurement used in neurophysiology research studies. A second H-reflex
measurement identified in the literature is termed pre-synaptic inhibition.
It was originally named and discovered by Frank and Fuortes in 1957 and,
basically, consists of the strong suppression of a neuron's response before
the stimulus reaches the synaptic terminals mediated by a second,
inhibitory, neuron. In other words, the amplitude of the muscle response
(H-reflex) will be inhibited or decreased due to an inhibitory neuron
activating prior to the electrical signal reaching the synapse. The inhibitory
neuron arises from higher centers of the central nervous system (CNS) and
will alter or inhibit the monosynaptic signals within the spinal cord traveling
between the sensory and motor nerves. Pre-synaptic inhibition's
influence on the reflex pathway has yet to be assessed for its reliability.
Thus, one aim of the study is to examine the reliability and consistency of
the measurement of pre-synaptic inhibition in rieurophysiology research
studies. The reliability of pre-synaptic inhibition is significant because the
results will begin to identify if higher levels of the CNS influence on the
nervous system remains consistent. Therefore, the first aim of this
study is to determine if the measurements of H-reflex gain and
pre-synaptic mechanisms are reliable and consistent.
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Another area of nervous system investigation involves gender. The
literature has shown that reflex responses in the knee vary
between males and females. This discrepancy of gender in the
reflex response has been an element that investigators have
provided as evidence for differences of injury incidence in ACL
injuries. Whereby, females have been shown to tear their
anterior cruciate ligaments anywhere from 2-7 times as much as
their male counterparts. Therefore, A secondary aim is to
determine if the two reflex measurements (H-reflex gain and
presynaptic inhibition) of spinal reflex testing are different
between males and females.

These two aims remain significant because the measurements will
provide further insight into the characteristics of human neurophysiology
and the measures by which we can detect changes. The data gathered
from this research will be written and submitted for publication in a
scientific journal.

Participant Population

Subjects will be recruited via posted recruitment flyers. These flyers will
be located in numerous locations on the Oregon State Campus. All
subjects (n=30, 15 female, 15 male) will be healthy adults (age: 18-50
years old) with no history of lower extremity surgery and/or lower
extremity injury within 12 months prior to data collection, cognitive
impairment, and/or pregnancy. Adults will be limited to the ages of 18 to
50 years old because the literature has shown that neurophysiology begins
to show age-related changes at approximately 50 years old. Additionally,
subjects will be asked to refrain from eating or drinking anything other
than water 1 hour before the testing. Also, subjects will be asked to
maintain activities of daily living (ADL's) and abstain from exercise 1 hour
prior to testing. Recruitment and enrollment in the study will not be
limited in terms of race or ethnicity.

Methods and Procedures

An attached screening questionnaire will determine if a subject meets
eligibility criteria and if any exclusion items such as lower extremity
surgery or injury within the previous 12 months, cognitive impairment,
and/or pregnancy have been met. This screening questionnaire will be
administered by the investigator prior to the subject arriving in the lab
either by way of e-mail or phone. Following recruitment, each subject will
report to the Sports Medicine and Disabilities Laboratory. Prior to any
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testing, all subjects will read and sign an informed consent and have any
and all questions answered by the investigator. At that point, each subject
will have their weight and height measured by the equipment in the Sports
Medicine and Disabilities Laboratory. Each Testing session will consist of
two-i hour testing sessions separated by at least a 24 hour period. The
sessions will be separated by no less than a 24 hour period and will be
completed within a one-week period. An effort will be made to make the
timing of each session at a similar time during each day. During each
session, the measures of H-reflex gain and pre-synaptic inhibition will be
conducted by the methods listed.

Subject Preparation

Subjects will be tested in a prone position. The left ankle will be
positioned between 80 and 1000 of dorsiflexion with the plantar surface of
the foot placed flat against an attached wooden box. A body pillow will be
placed on top of the table to standardize body, head and hand position for
each subject. The exact joint angles used for each individual during the
initial testing session will be measured with a goniometer, recorded, and
referenced at the second testing session. The goniometer that will be
used is a hand-held mechanical goniometer. The goniometer is a
measurement device that has two arms (one that remains stationary along
a body part above the joint and one arm that moves with the body part
below the joint of interest) and an apex in the middle placed over the joint.
For example, the ankle measurement has one arm of the goniometer
remaining stationary along the lower leg with the apex located on the
lateral malleolus. The moving portion lines up with the fifth metatarsal on
the outside of the foot. The angle created by these two arms is the
amount of dorsiflexion that occurs at the ankle joint. The picture below
provides a visual depiction of patient set-up and preparation.

H-reflex Gain Assessment

The H-reflex will utilize the following procedures with standardized joint
angles and environmental conditions. To elicit and record H-reflexes and
stimulation intensity, an EMG analysis channel and stimulating circuit will
be used. All areas of skin where stimulating and recording electrodes will
be placed will be shaven and cleaned with isopropyl alcohol prior to
electrode placement. Lubricated surface EMG-recording electrodes
(Ag/AgCI) will be placed over the soleus muscle belly (placed 3 cm apart
on the skin along the mid-dorsal line of the leg, about 4 cm above the
point where the 2 heads of the gastrocnemius join the Achilles tendon) as
documented by Hugon. The location of the electrodes will be marked with
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a permanent marker for reference at subsequent data collection sessions.
The stimulating electrode (1 cm2) will be placed over the tibial nerve in the
popliteal fossa behind the knee for current delivery. A dispersal pad (3
cm2) will be placed superior to the patella on the distal thigh. Once the
application of the recording electrodes, stimulating electrode, and the
dispersal pad have been applied to the skin and connected to the
stimulating system. The H-reflex will be measured by percutaneous
electrical stimulation of the tibial nerve (via 1 ms pulses). Following the
initial stimulus at 0.5 millivolts (mV), stimulus intensity will be increased by
0.5 mV for each subsequent stimulus until the maximum H-reflex is
reached (typically at 40 60 my) for the duration of the testing. For each
hour of testing, approximately 80 to 120 stimulations will be given. Verbal
questioning throughout the testing procedure will continuously monitor
subject well being.
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Once the maximum H-reflex is known (H-reflex gain experiment above),
pre-synaptic inhibition will be evaluated. Pre-synaptic inhibition is still
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measured by the H-reflex, however, the measurement will be altered due
to a prior stimulation of the common peroneal nerve and activation of the
tibialis anterior (TA). It has been documented that an electrical stimulation
and associated TA muscle activity 80 milliseconds (msec) prior to tibial
nerve stimulation will alter the H-reflex muscle activity. This change is
termed pre-synaptic inhibition and the resulting soleus muscle activity is
measured as such. Two lubricated surface EMG-recording electrodes
(Ag/AgCl) will be placed over the tibialis anterior muscle belly (edges of
the recording electrodes would be touching in a superior-inferior or top-to-
bottom direction). The location of the electrodes will be marked with a
permanent marker for reference at subsequent data collection sessions.
The stimulating electrode (1 cm2) will be placed over the common peroneal
nerve (just distal to the fibular head). A dispersal pad (3 cm2) will be
placed distal to the stimulating electrode. Once the application of the
recording electrodes, stimulating electrode, and the dispersal pad has been
app'ied to the skin, the cords will be connected to the stimulating system.
The stimulation intensity to motor threshold of the tibialis anterior will be
identified and maintained for testing. Throughout pre-synaptic inhibition
assessment, motor threshold will be achieved when there is adequate
stimulation intensity as identified by the EMG recording electrodes or
detected by the investigation visually and/or physically. The stimulation
will precede the H-reflex measure of the soleus musculature at a pre-
determined set-time of 80 ms. The measurement takes place in the soleus
after the vibration of the percutaneous electrical stimulation of the
common peroneal nerve (via 1 ms pulses). Stimulation to motor threshold
of the TA will then be evaluated in conjunction with H-reflex of the soleus
approximately 5 times. Subject well being will be continuously monitored
throughout the testing procedure.

Risks
1. Following testing, the subject may experience slight skin irritation

from the electrodes. This irritation should subside within 24 hours
and may be decreased by the application of a skin moisturizer
(which will be available in the Sports Medicine and Disabilities
Laboratory). In order to determine if a participant experiences
delayed symptoms related to the electrical stimulations (e.g.,
nausea) after the testing session, the participants will be contacted
via e-mail or phone by the investigator to establish any residual
concerns.
Due to the use of electrical stimulation, there may be a slight level
of discomfort associated with the testing. This level of discomfort
that has been described as a sensation of a "carpet shock" does
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happen with each stimulation and occurs at approximately 120 msec
after the electrical signal is sent to the subject. It is also important
to note that a very small percentage of subjects experience
dizziness, nausea, and fainting associated with this mode of testing.
Subjects will be encouraged and reminded to alert the investigator if
any of these symptoms appear. If any of these symptoms do occur,
the testing will be discontinued immediately and the subject will be
monitored until symptoms subside. follow-up via e-mail or phone
will occur to ensure any residual concerns are alleviated and
addressed.
Due to the use of electrical stimulation and the risk of electrical
shock, there are two devices (stimulation isolation unit, and
constant current unit) placed in the circuit between subject and the
stimulator, which greatly decrease the chances of receiving a
harmful shock. This type of nerve stimulation is common and
considered to be safe for human subjects. In the instance that a
participant receives a harmful shock, immediate steps will be taken
to assist them. First, the testing will discontinue immediately and
vital signs will be evaluated. The condition of the subject wi'l be
monitored and the emergency system will be contacted
immediately. Both investigators are CPR certified and Emergency
System will be activated via phone in the lab.

Benefits
There are no direct benefits from participation in this study.

Compensation
Subjects will have no compensation from participation in this study.

Informed Consent Process
Prior to participation, the investigator will review study protocol with
the subject participants, whereby participants will be required to
give written consent. Informed consent will be obtained using a
"written consent document."

Anonymity or Confidentiality
Any information obtained in connection with this study that can be
identified with the participants will be kept confidential to the extent
permitted by law. A code number will be used to identify any test
results or other information provided by the participants. Neither
participant name nor any information from which the participant
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might be identified will be used in any data summaries or
publications. Following the publication of the data from this project,
the investigator will maintain the data for a period of 3 years before
destroying or removing it.

Attachments
Recruitment Materials
Informed Consent Document
Questionnaire, Survey, Testing Instruments
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Exercise and Sport Science

Oregon Slate University, 214 Langtofl Hall, Corvallis, Oregon 97331
T541-737-264.3 F 541-737-2788

regon State
UN IVI$JTY

Informed Consent

Title of Research Project:

The Differences and Reliability Measures of H-reflex Gain and Pre-synaptic Mechanisms in Male
and Female Subjects

Investigator:

Mark Hoffman PhD. Department of Exercise and Sport Science
Bradley T. Hayes MS. Department of Exercise and Sport Science

Purpose of Research Project:

The purpose of this project is twofold.

O The first purpose is to determine the reliability and consistency of two different
methods used to measure nerve and muscle reflexes in the legs. This is similar to
when a doctor taps your knee with a rubber hammer to make you leg jerk forward.
In our tests, a small electrical stimulation is used in place of the rubber hammer.

o The 2nd
purpose is to determine if these two reflex measurements yield different

results in males and females. The findings of which would further our understanding
of why the nervous system acts differently between the genders.

Results from this study will be presented at a national conference and published in research journals.
The findings of this project will provide a better understanding of the use of and provide a basis for
further neurophysiology research in humans

Procedure:

I understand that as a participant in this study:
I will be asked to participate in two data collections that will each last approximately 1 hour.
The sessions will be separated by no less than a 24 hour period and will be completed within a
one-week period. An effort will be made to make the timing of each session at a similar time
during each day. All testing will occur in the Sports Medicine and Disabilities Laboratory in
room 8 of the Women's Building.
I will be asked to refrain from exercise 1 hour prior to testing.
I will be asked to refrain from ingesting any substances other than water 1 hour prior to
testing.
I will have my reflexes tested according to the procedures listed below.
Prior to any testing, I will read and sign this informed consent and have any and all questions
answered by the investigator. At that point, I will have my weight and height measured by
the equipment in the Sports Medicine and Disabilities Laboratory

OSU IRB Approval Date: 08.05.04
Approval Earpiration Date: 08.04-05
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During the testing, I will be undergoing reflex testing that involves having an electrical stimulation
delivered to the front and back of my leg while prone (on my stomach). The muscle response to the
electrical stimulation will be measured by way of recording electrodes (similar to adhesive stickers).
Prior to electrode application, the area on my leg where electrodes will be placed will be clean-
shaven and cleansed with rubbing alcohol. The electrode location will be on the front and back of my
leg below the knee. The location of which will be over the muscle portion ofmy calf and shin. The
stimulation will cause a reflex contraction of the muscles in my leg that will be measured by
electrodes placed over those muscles. For each hour of testing, approximately 80-120 stimulations
will be given to the leg whereby there will be at least a 10 second pause between each stimulus.

This type of stimulation has been compared to a feeling like a carpet shock (build-up of static
electricity). If at any time I want to stop the testing, I am able to do so without question by notifying
the research assistant.

The equipment used in this experiment contains special safety devices that limit the chances of me
being injured from electrical shock or stimulation.

Foreseeable Risks or Discomforts:

Due to the use of electrical stimulation, there will be a slight level of discomfort associated
with the testing. The level of discomfort is subjective and will be felt following each
stimulation. It is also important to note that a very small percentage of subjects experience
dizziness, nausea, and fainting associated with this mode of testing. Therefore, I am
encouraged and reminded repeatedly to alert the research assistant if I experience any of these
symptoms. If any of these symptoms do occur, the testing will be stopped immediately and I
will be monitored until symptoms subside. A follow-up via e-mail or phone will occur to
ensure any residual concerns are alleviated and addressed.

If any of these symptoms occur, experimentation will be discontinued immediately and
follow-up via e-mail or phone will occur.

Following testing, I will experience slight skin irritation from the electrodes. This irritation
should subside within 24 hours and can be decreased by the application of a skin moisturizer
(which will be available in the Sports Medicine and Disabilities Laboratory). In order to
determine if I experience delayed symptoms related to the electrical stimulations (e.g.,
nausea) after the testing session, I will be contacted via e-mail or phone.

Due to the use of electrical stimulation, the risk of electrical shock ispresent. There are two
devices (the stimulation isolation unit and the constant current unit) placed in the circuit that
greatly decrease the chances of receiving a harmful shock. This type ofnerve stimulation is
common and considered to be safe for human subjects. In the instance that I receivea
harmful shock, immediate steps will be taken to assist them. The experiment will be
discontinued immediately and first aid will be provided. All investigators are CPR certified
and a phone that can be used to call 911 will be available ifemergency response is necessary.

OSU IRU Approva' Date: O8-05-O
ApproaI Expiration Date: O8.04-Ob



I am encouraged to alert the research assistant or investigator if I wish to stop the experiment
at any time.

Benefits to be expected from the Research:

There are no direct benefits from participation in this study

Compensation for Research Related Injury

The University does not provide research subjects with compensation for medical treatments
in the event a subject is injured as a result of participation in the research project.

Confidentiality

- I understand that any information obtained in connection with this study that might identify
me will be kept confidential to the extent permitted by law. A code number will be used to
identify any test results or other information I provide. Neither my name nor any information
from which I might be identified will be used in any data summaries or publications.
Following the publication of the data from this project, the principal investigator will destroy
all measurements, including measurements from subjects who withdrew.

Voluntary Participation Statement

I understand that my participation in this study is completely voluntary and that I may either
refuse to participate or withdraw from the study at any time without penalty. ..

If you have Questions

I understand that any questions I have about the research study or specilk procediurs should
be directed to Mark Hoffman, PhD at 737-6787 or Bradley T. Hayes MS at 760-75130:

If I have questions about my rights as a research subject, I should contact the Oregon State
University Institutional Review Board (IRB) Human Protections Administrator at (541) 737-
3437 or IRB@oregonstate.edu.

My signature below indicates that I have read and understand the procedures described above and
therefore, give my informed and voluntary consent to participate in this study. I understand that I
will receive a signed copy of this consent form.

Signature of Subject:

Name of Subject (print):

Date Signed:

TOSU 1R Approval Date: 08-05.04
Approval Expiratiou Date: 08-04-05
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Questionnaire #1

The Differences and Reliability Measures of H-reflex Gain and
Pre-synaptic Mechanisms

Subject Screening Questionnaire

Iti.iii

Date:

How old are you?

Have you experienced a leg injury in the previous 12 months that required
the use of crutches? YES NO

If YES,
explain

Have you had any lower-limb surgery in the previous 12 months that
required the use of crutches? YES NO

If YES,
explair

Do you have any known cognitive impairments? YES NO

If YES, explai

Are you pregnant? YES NO
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Questionnaire #2

The Differences and Reliability Measures of H-reflex Gain and
Pre-synaptic Mechanisms

Code:

Date:

Weight:

Height:

Have you ingested (eaten or drank) anything in the last hour? YES NO

YES,
explain

Have you exercised within the last hour? YES NO

YES,
explai



Participants Wanted

ha)esbra@orndorstedu] Healthy Individuals (aged 18-50 years old)
with no history of lower extremity surgery

I hayesbra(onidorst.edu
-j

and/or injury in the last 12 months are being
recruited. Reflex testing and measurement

LhaYeT00t involving lower legs is the purpose of the
research study.

hayesbra@oind.orst.edu Time commitment will involve two testing
sessions lasting for a period of approximately

haycsbra(ronid.ort.edu 1 hour each

hayeshra(.ondorsr.edu

sbra(ronid.orit.edu
I

ia}'eshIt'aontd ou.edij

jiayehra(iooid.orst.xIu

Ihayesra(cnidoccIdu

iyesbiait,ost.cdn

haycb a(anid.oisIckiJ

haycsl'ra(a inid.,,rt (duj

Contact: Bradley 1. Hayes MS. ATC
(541) 760-7530

Location: Sports Medicine and Disabilities
Laboratory

Women's Building (room 8)

Sports Medicine Research

Study
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Brief DescriDtion: Study 2

Stretching is used to increase flexibility. Increases in flexibility are
due to changes within the muscle and the nervous system. Few studies
have focused on the adjustments that occur within the nervous system as
a result of long-term stretching and increases in flexibility. Therefore, we
plan to use reflex assessment to monitor nervous system changes that
occur throughout a long-term (6-week) training protocol.

We will implement three different reflex assessments to evaluate
changes that occur within the nervous system: H-reflex gain, pre-synaptic
inhibition, and post-synaptic inhibition. Each of these assessments will
evaluate a different portion of the reflex. Therefore, the portion of the
reflex that is changing as a result of the long-term stretching protocol can
be evaluated and provide insight to the nervous system changes which
occur with increases in flexibility. The data gathered from this research
will be written and submitted for publication in a scientific journal.

Subject Participation

Subjects (n=40, 20 female, 20 male) will be recruited via flyers. These
flyers will be posted in numerous locations on the Oregon State
Campus. Additionally, verbal announcements with the recruitment
flyers available will be made in EXSS classes at Oregon State University.
All subjects will be healthy, non-pregnant adults (age: 18-50 years old)
with no history of cognitive impairment, neurological impairment, or
lower extremity surgery and/or lower extremity injury within the 12
months prior to data collection. Adults will be limited to the ages of 18

to 50 years old because the literature has shown that nerve activity
begins to show age-related changes at approximately 50 years old.
Recruitment and enrollment in the study will not be limited in terms of

gender, race, or ethnicity. Initial screening will be conducted by e-mail,
telephone, or in person at the OSU Sport Medicine Laboratory.

Methods and Procedures

An attached screening questionnaire will be used to determine if a
subject meets eligibility criteria. Exclusion items include: lower
extremity surgery or injury within the previous 12 months, involved in a
detailed stretching routine, cognitive impairment, and/or pregnancy.
This screening questionnaire will be administered by the investigator
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prior to the subject arriving in the lab either by way of e-mail or phone.
Following recruitment, each subject will report to the Sports Medicine
and Disabilities Laboratory. Prior to any testing, all subjects will read
and sign an informed consent approved by Oregon State University's
Institutional Review Board (IRB) and have any and all questions
answered by the investigator. At that point, each subject will have his
or her weight and height measured. Each testing session will last
approximately 1 hour. An effort will be made to perform the testing at
a similar time each day. Therefore, each subject will be required to
come to the lab seven different times (1/ week for 6 weeks) for reflex
testing. During each testing session, the measures of H-reflex gain,
pre-synaptic inhibition, and post-synaptic inhibition will be conducted
by the methods listed.

Subject Preparation

Subjects will be tested on a table in a prone position (face down). The left
ankle will be positioned at set joint angles. A body pillow will be placed on
top of the table to standardize body, head and hand position for each

joint a goniometer,
recorded, and referenced for future testing sessions. The goniometer is a
measurement device that has two arms (one that remains stationary along
a body part above the joint and one arm that moves with the body part
below the joint of interest). The angle created by these two arms is the
amount of dorsiflexion that occurs at the ankle joint. The picture (Figure
1) provides a visual depiction of patient set-up and preparation.
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Figure 1: Reflex Assessment Set-Up

H-reflex Gain Assessment

The investigator will use standardized joint angles and environmental
conditions on the subjects throughout reflex assessment. To excite and
record muscle responses and stimulation intensity, an EMG channel and
stimulating circuit will be used. All areas of skin where stimulating and
recording electrodes will be placed will be shaven and cleaned with
alcohoL Lubricated surface EMG-recording electrodes (Ag/AgCI) will be
placed over the soleus muscle. The location of the electrodes will be
marked with a permanent marker for reference at subsequent data
collection sessions. The stimulating electrode (1 cm2) will be placed over
the tibial nerve behind the knee for current delivery. A dispersal pad (3
cm2) will be placed above the patella on the lower thigh. Once the
recording electrodes, stimulating electrode, and the dispersal pad have
been applied to the skin and connected to the stimulating system, the
muscle responses will be measured by stimulating the tibial nerve (via 1
ms pulses). Following an initial stimulus at 0.5 millivolts (my), stimulus
intensity will be increased by 0.5 mV until all motor nerves are activated.
Approximately 80 to 120 stimulations will be given. Verbal questioning
throughout the testing procedure will continuously monitor subject well
being.

Presynaptic and Postsynaptic Inhibition

Once the H-reflex gain has been measured, pre-synaptic and post-
synaptic inhibition will be evaluated. Pre-synaptic and post-synaptic
inhibition is still measured by the muscle response in the soleus (H-reflex).
However, the measurement will change because a prior stimulation will be
given to a different nerve (common peroneal nerve of the tibialis anterior
(TA) muscle). It has been documented that electrical stimulation of the TA
muscle 100 milliseconds (msec) prior to tibial nerve stimulation will alter
the H-reflex muscle activity in the soleus. This change is termed pre-
synaptic inhibition and the resulting soleus muscle activity is measured. It
also has been documented that electrical stimulation of the TA muscle 2
milliseconds (msec) prior to tibial nerve stimulation will alter the H-reflex
muscle activity in the soleus. The measured change is termed post-
synaptic inhibition. The difference between the soleus muscle response
with and without TA muscle stimulation will be used in the data.

Two lubricated surface EMG-recording electrodes (Ag/AgCl) will be
placed over the tibialis anterior muscle (edges of the recording electrodes
will be touching in a superior-inferior or top-to-bottom direction). The
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location of the electrodes will be marked with a permanent marker for
reference at later data collection sessions. The stimulating electrode (1
cm2) will be placed over the common peroneal nerve (just below the
fibular head). A dispersal pad (3 cm2) will be placed below the stimulating
electrode. Once the application of the recording electrodes, stimulating
electrode, and the dispersal pad has been applied to the skin, the cords
will be connected to the stimulating system.

The stimulation intensity to muscle activation of the tibialis anterior
will be identified and maintained for testing. Muscle activation is detected
by EMG, visually, and/or physically. The stimulation will come before the
H-reflex measure of the soleus muscle at a pre-determined set-time of 2
msec (post-synaptic) or 100 msec (pre-synaptic). The measurement takes
place in the soleus after electrical stimulation of the common peroneal
nerve (via 1 ms pulses). Muscle stimulation of the TA will be used in
conjunction with H-reflex muscle activity of the soleus approximately 10
times for both pre-synaptic and post-synaptic inhibition. Each session will
consist of approximately 20 sub-maximal stimulations to the TA and 40
sub-maximal stimulations to the soleus. Subject well being will be
continuously monitored throughout the testing procedure.

Stretching Protocol

The static stretching program focuses on the soleus muscle and is
performed at the maximum tolerance level of dorsiflexion for each subject.
We will provide instructions and diagrams for each of the four stretches
during the initial visit to the lab and after baseline measures have been
completed. Each stretch will be performed a total of five times with a
holding duration of 30 seconds. The order of stretching will be subjective;
however, the stretches will alternate with a 30 second rest between each.
Therefore, the total stretching time should be 10 minutes interspersed with
10 minutes of relaxation for each leg. The experimental group will perform
the static stretching program five times per week for six weeks. The
control group will not perform the static stretching program. A journal will
be kept to document the experimental group's adherence to the training
regimen.

Following baseline measurements, we will teach and explain each
static stretch. The descriptions and diagrams can be seen below in figures
2, 3, 4, and 5 and are replicated from a previous chronic static stretching
program (Guissard and Duchateau, 2004).
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Figure 2: Standing calf stretch: subject will stand with the left leg slightly bent (10-20%)
behind the right leg (may be slightly bent), with the hands placed against the wall, and
slowly lean forward approaching the wall by increasing the bend in the right leg with a

-
and repeat until tolerance.

Figure 3: Forefoot on wall standing calf stretch: subject will place the forefoot of their
left leg upon the wall while maintaining a 10-20% flexed knee. Then, move body and
hips toward the wall while maintaining position until tolerance. If not to tolerance, move
forefoot higher on the wall and repeat until tolerance.
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Figure 4: Sitting calf stretch: we will have the subject place the leg straight in front of
their bodies while they are sitting on the floor or a hard surface which supports them and
reach and grab sole of the foot and pull forefoot toward body. If subject is unable to
reach the sole of the foot, will have them reach until tolerance and hold on anterior leg
(shin or ankle).

.

Figure 5: Calf stretch on step: we will have the subject place their forefoot on the step
while the heel hangs off over the edge of the step and their knee remains at a 10-20%
angle. We will then encourage them to lower their bodies until tolerance while
maintaining a slightly bent knee.
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Following testing, the subject may experience slight skin
irritation from the electrodes. This irritation should be
eliminated within 24 hours and may be decreased by the
application of a skin moisturizer (which will be available in
the Sports Medicine and Disabilities Laboratory). In order to
determine if a participant experience delayed symptoms
related to the electrical stimulations (e.g., nausea) after the
testing session, the participants will be contacted via e-mail
or phone by the investigator to establish any residual
concerns.

Due to the use of electrical stimulation, there may be a slight level
of discomfort associated with the testing. This level of discomfort
that has been described as a sensation of a "carpet shock" does
occur with every stimulation and occurs at approximately 120 msec
after the electrical signal is sent to the subject. It is also important
to note that a very small percentage of subjects experience
dizziness, nausea, and fainting associated with this mode of testing.
Subjects will be encouraged and reminded to alert the investigator if
any of these symptoms appear. If any of these symptoms do occur,
the testing will be discontinued immediately and the subject will be
monitored until symptoms diminish. Also, follow-up via e-mail or
phone will occur to ensure any residual concerns are alleviated and
addressed.
Due to the use of electrical stimulation and the risk of electrical
shock, there are two devices (stimulation isolation unit, and
constant current unit) placed in the circuit between subject and the
stimulator, which greatly decrease the chances of receiving a
harmful shock. This type of nerve stimulation is common and
considered to be safe for human subjects. In the instance that a
participant receives a harmful shock, immediate steps will be taken
to assist them. First, the testing will discontinue immediately and
vital signs will be evaluated. The condition of the subject will be
monitored and the emergency system will be contacted
immediately. Both investigators are CPR certified and Emergency
System will be activated via phone in the lab.
Due to the use of stretching, a subject is at risk for some muscular
damage. However, the methods should be considered safe and has
been used in previous research. Also, the amount of activity is
subjective and dictated by subject's personal tolerance. If injury
occurs, the subject will be directed to Health Services and testing
will be discontinued immediately. Also, follow-up via e-mail or
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phone will occur to ensure any residual concerns are alleviated and
addressed.

Benefits
There are no direct benefits from participation in this study.

Corn pensation
Subjects will have no compensation from participation in this study.

Informed Consent Process
Prior to participation, the investigator will review study protocol with
the subject participants. Participants will be required to give written
consent using a "written consent document."

Anonymity or Confidentiality
Any information obtained in connection with this study that can be
identified with the participants will be kept confidential to the extent
permitted by law. A code number will be used to identify any test
results or other information provided by the participants. Neither
participant name nor any information from which the participant
might be identified will be used in any data summaries or
publications. Following the publication of the data from this project,
the investigator will maintain the data for a period of 3 years before
destroying or removing it.

Attachments
Recruitment Materials
Informed Consent Document
Questionnaire, Survey, Testing Instruments
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Exercise and Sport Science

1$LJ Oregon Slate University, 214 Langton Hall, CorvaHis, Oregon 97331
T 541-737-264.3 F 541-737-2788

Oregon State
ITT

Informed Consent

Title:

Nervous System Adaptations to a Long-term Stretching Program

Investigators:

Mark Hoffman PhD. Department of Exercise and Sport Science
Bradley T. Hayes MS. Department of Exercise and Sport Science

Purpose of Research Project:

The purpose of this project is to study the effects of stretching exercises on reflexes andnerve activity of the leg. Few studies have investigated the nerve changes that result from along-term muscle-stretching program. To date, understanding on whether increases in flexibility
are changed from nerve activity remains unclear. Therefore, measurements that estimate the
amount of nerve activity at various points in a reflex will be evaluated to investigate changes thatresult from a long-term stretching program.

Results from this study will be presented at a national conference and published in
research journals. The findings of this project will provide a better understanding of the changesthat occur as a result of long-term (6 week) stretching and provide a basis for furthernerveresearch in humans.

Procedure:

As a participant in this study you will be asked to the do the following:
Prior to the first testing session, you will read through this document and ask any
questions you may have about the study. Ifyou agree to participate in this study, youwill be asked to sign the document.
You will be asked to complete a short questionnaire about what you've had to eat or
drink in the past hour and if you've exercised in that time period. Your height and weightwill also be recorded.
You will either be placed in a control group or experimental group

o If you are assigned to the control group, you will not be asked to alter your daily
routine or to do leg stretching exercises between visits to the research laboratory.

O If you are in the experimental group, you will be asked to perform a stretching
routine at home five days a week for a total of six weeks. The stretching routine
will take about 20 minutes each day

o If you are in the experimental group, you will be asked to keep ajournal
documenting your daily stretching routine. This should take approximately 10
seconds for each entry.

You will be asked to participate in three data collections that will each last approximately
1 hour. You will be tested three times (today, at 3 weeks, and at 6 weeks) to measure

OSU IRB Appnval Date: 12-01-04
Appnwal lSxpiratioa Date 11-30-0



156

your nerve activity at various time points to identify if any changes have occurred. The
sessions will take place in the Sports Medicine and Disabilities Laboratory in room 8 of
the Women's Building. An effort will be made to make the timing of each session at a
similar time during each day.
You will be asked to refrain from exercise 1 hour prior to testing in the lab.
You will be asked to refrain from ingesting any substances other than water 1 hour prior
to arriving in the lab.
You will have your reflexes tested according to the procedures listed below.

Reflex Testing Protocol

During the testing, a research team member will apply an electrical stimulation to the front and
back of your leg while you lie on your stomach. The muscle response to the electrical
stimulation will be measured by way of recording electrodes (similar to adhesive stickers). Prior
to electrode application, the area on your leg where electrodes will be placed will be clean-
shaven and cleansed with rubbing alcohol. The electrode location will be on the front and back
of your leg below the knee. The stimulation will cause a reflex contraction of the muscles in
your leg that will be measured by electrodes placed over those muscles. For each hour of testing,
approximately 80-180 stimulations will be given to the leg whereby there will be at least a 10
second pause between each stimuli. The front ofyour leg will be stimulated approximately 20-
40 times, while the back of your leg will be stimulated 80-160 times to find out which part of the
reflex is changing.

This type of stimulation has been compared to a feeling like a carpet shock (build-up of static
electricity). If at any time you want to stop the testing, you are able to do so without question by
notifying the research team member.

The equipment used in this experiment contains special safetydevices that limit the chances of
being injured from electrical shock or stimulation.

Stretching Regimen and Techriicjues

The information in this section is only applicable to the experimental group participants. The
static stretching program focuses on the soleus musculature(calf) and is performed at your
maximum tolerance level for each technique. Each stretching technique will be held for 30
seconds a total of five times every day. Which stretch you perform first, second, or third will be
up to you; however, you will alternate between the 3 techniques with a 30 second rest between
each stretch. Therefore, the total stretching time should be 7.5 minutes interspersed with 7.5
minutes of relaxation for each leg. You will perform the static stretching program five times per
week for six weeks. You will be keeping and documenting in a journal your adherence to the
training program by supplying the date and time at which you performed each session. The
journal should take you approximately 10 seconds to perform during each session.
Following the first measurements, you will be given an explanation and diagram of each
stretching technique. The descriptions and diagrams are commonly used stretches for today's
population.

OSU IRD Appmval Date: 12-01.04
Approv1 Exphat1on Date: 11-30-Os
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Due to the use of electrical stimulation, there will be a slight level of discomfort
associated with the testing. The level of discomfort is subjective and will be felt
following each stimulus. it is also important to note that a very small percentage of
subjects who are standing experience dizziness, nausea, and fainting associated with this
mode of testing. However, while this dizziness, nausea, and fainting has been reported
with standing, it has yet to be reported with prone participants. Therefore, you are
encouraged and reminded repeatedly to alert the research assistant if you experience any
of these symptoms. If any of these symptoms do occur, the testing will be stopped
immediately and you will be monitored until symptoms are diminished. In order to
determine if you experience delayed symptoms related to the electrical stimulations (e.g.,
nausea) after the testing session, you will be contacted via e-mail or phone by a research
team member.

Due to the use of electrical stimulation, the risk of electrical shock is present. There are
two devices (the stimulation isolation unit and the constantcurrent unit) placed in the
circuit that greatly decrease the chances of receiving a harmful shock. Additionally, the
study uses a research design for this type of nerve stimulation that has been standard for
human subjects since the 1950's with no adverse events. In the unlikely event that you
receive a harmful shock, immediate steps will be taken to assist them. The experiment
will stop immediately and first aid will be provided. All research team members are CPR
certified and a phone that can be used to call 911 will be available if emergency response
is necessary.

If any of these symptoms occur, experimentation will be stopped immediately and
follow-up via e-mail or phone by a research team member will occur.

Following testing, you will experience slight skin irritation from the electrodes. This
irritation should subside within 24 hours andcan be decreased by the application of a
skin moisturizer (which will be available in the Sports Medicine and Disabilities
Laboratory).

Due to the use of static stretching, you may be at risk for some muscular strain.
However, the methods should be considered safe and has been used in previous research.
Also, the amount of activity is dictated by your personal stretching tolerance. If an injury
were to occur, you will be directed to Health Services (if an OSU student) or to your
primary care provider (staff, faculty, and/or community member) and your participation
in this study will be stopped immediately.

You are encouraged to alert the research team member ifyou wish to stop the experiment
at any time.

Costs and Compensation:

There are no costs or compensation for participating in this study

OSU IRD Appmval Date: 12-01-04
Apprwat Itxration Date: 11-30-05
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Benefits to be expected from the Research:

There are no direct benefits from participation in thisstudy

Research Related Injury

The University does not provide research subjects with compensation for medical
treatments in the event a subject is injured as a result of participation in the research
project.

Confidentiality

Any information obtained in connection with this study that might identify you will be
kept confidential to the extent permitted by law. A code number will be used to identify
any test results or other infonnation you provide. Neither your name nor any information
from which you might be identified will be used in any data summaries or publications.
Following the publication of the data from this project, a research team member will
destroy all measurements, including measurements from subjects who withdrew.

Voluntary Participation Statement

Your participation in this study is completely voluntary and that you may either refuse to
participate or withdraw from the study at any time without penalty.

If you have Questions

Any questions you have about the research study or specific procedures should be
directed to Mark Hoffman, PhD at 737-6787 or Bradley T. Hayes MS at 760-7530.

If you have questions about your rights as a research subject, you should contact the
Oregon State University Institutional Review Board (IRB) Human Protections
Administrator at (541) 737-3437 or IR.B@oregonstate.edu.

Your signature below indicates that you have read and understand the procedures described
above and therefore, give your informed and voluntary consent to participate in this study. You
understand that you will receive a signed copy of this consent form.

Signature of Subject:

Name of Subject (print):

Date Signed: / /

OSU 1kB Approval Date: 12-01-04
Approval Expiration Date: 11-30-OS
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Questionnaire #1

Neural Adaptations to a Long-term Static Stretching Regimen in
the Human Soleus

Subject Screening Questionnaire

Name:

Date:

How old are you?

Have you experienced a leg injury in the previous 12 months that required
the use of crutches? YES NO

If YES,
explain

Have you had any lower-limb surgery in the previous 12 months that
required the use of crutches? YES NO

If YES,
explain

Do you have any known cognitive impairments? YES NO

If YES, expla

Are you pregnant? YES NO
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Questionnaire #2

Neural Adaptations to a Long-term Static Stretching Regimen in
the Human Soleus

Code:

Date:

Weight:

Height:

Have you ingested (eaten or drank) anything in the last hour? YES NO

YES,
explain

Have you exercised within the last hour? YES NO

YES,
explai



Participants Wanted

hayebra(ontdorstedu Healthy individuals (aged 18-50 years old)
with no history of lower extremity surgery

I

hayesbra(tonid.orst.edu and/or injury in the last 12 months are being
recruited.

hayesbraoiid ost edt, The effects of stretching on my nervous
system will be the focus of this study.

hcthra(onidors edu Time commitment will involve 7 testing
sessions lasting for a period of approximately

Ihayesbra(çioiüd.orsi.edu 1 hour each

jhaveshra(à;nidoJtedu7

haycbrtu2ui id.orsL.d

hayesbraaonid.ojtedu

fhavcbra(cit'uid ursi.edu

)trJV1L)Itt(IcflId t'I'ICdIJ

Contact: Bradley T. Hayes MS, ATC

(541) 760-7530 or
hayesbra@onid.orst.edu

Location: Sports Medicine and Disabilities
Laboratory Women's Building (room 8)

Sports Medickie Research
Study

162



163

Appendix C: Data Output
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Subject Recovery Curves

Subject 1 2 3 45 6 7 8 910
Pre -synaptic
(ms) 95 100 110 110 85 90 95 95 80 95
Recurrent (ms) 3 2 3 3 2 3 2 3 2 3

Subject 11 12 13 14 15 16 17 18 19 20

Pre -synaptic
(ms) 100 85 80 120 85 100 90 100 100 95
Recurrent (ms) 3 2 3 3 3 2 3 3 3 3

Subject 21 22 23 24 25 26 27 28 29 30

Pre -synaptic
(ms) 85 100 95 90 95 85 100 95 85 85
Recurrent(ms) 2 3 2 3 3 3 3 2 3 3

Subject 31 32 33 34 35 36 37 38 39 40

Pre -synaptic
(ms) 85 90 85 95 90 85 95 90 90 85
Recurrent (ms) 3 4 3 3 4 3 3 4 4 4

Table 1. Recovery curves used in pre-synaptic and post-synaptic reciprocal
inhibition for each of the 40 subjects.
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Chapter 2 Results

ICC 2,1 Reliability - H-reflex Gain (Hslp/Mslp)

RELIABILITY ANALYSIS -SCALE (ALPHA)

Mean Std Dev Cases

1. HGAIN1 2.0140 1.4483 30.0
2. HGAIN2 1.9388 1.2176 30.0

Correlation Matrix

HGAIN1 HGAIN2

HGAIN1 1.0000
HGAIN2 .9657 1.0000

N of Cases = 30.0

Item Means Mean Minimum Maximum Range Max/Mm Variance
1.9764 1.9388 2.0140 .0752 1.0388 .0028

Analysis of Variance

Source of Variation Sum of Sq. DF Mean Square F Prob.

Between People 101.2973 29 3.4930
Within People 2.6134 30 .0871

Between Measures .0848 1 .0848 .9720 .3323
Residual 2.5286 29 .0872

Total 103.9107 59 1.7612

Intraclass CorreJation Coefficient

Two-Way Random Effect Model (Consistency Definition):
People and Measure Effect Random
Single Measure Intraclass Correlation = .9513*

95.00% C.I.: Lower = .9003 Upper = .9765
F = 40.0604 DF = (29, 29.0) Sig. = .0000 (Test Value = .0000)
Average Measure Intraclass Correlation = .9750

95.00% C.I.: Lower = .9476 Upper = .9881
F = 40.0604 DF (29, 29.0) Sig. = .0000 (Test Value = .0000)

*: Notice that the same estimator is used whether the interaction effect
is present or not.

Reliability Coefficients 2 items

Alpha = .9750 Standardized item alpha = .9825
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ICC 2,1 - Pre-synaptic Inhibition Reliability

RELIABILITY ANALYSIS -SCALE (ALPHA)

Mean Std Dev Cases

1. PRE1 29.7570 15.8625 30.0
2. PRE2 29.6260 14.4115 30.0

Correlation Matrix

PRE1 PRE2

PRE1 1.0000
PRE2 .9160 1.0000

N of Cases = 30.0

Item Means Mean Minimum Maximum Range Max/Mm Variance
29.6915 29.6260 29.7570 .1310 1.0044 .0086

Analysis of Variance

Source of Variation Sum of Sq. DF Mean Square F Prob.

Between People 12732.7189 29 439.0593
Within People 587.5093 30 19.5836

Between Measures .2574 1 .2574 .0127 .9110
Residual 587.2518 29 20.2501

Total 13320.2282 59 225.7666

Intraclass Correlation Coefficient

Two-Way Random Effect Model (Consistency Definition):
People and Measure Effect Random
Single Measure Intraclass Correlation = .9118*

95.00% C.I.: Lower = .8233 Upper = .9570
F = 21.6819 DF = (29, 29.0) Sig. = .0000 (Test Value = .0000)
Average Measure Intraclass Correlation = .9539

95.00% C.I.: Lower = .9031 Upper = .9780
F = 21.6819 DF = (29, 29.0) Sig. = .0000 (Test Value = .0000)

*: Notice that the same estimator is used whether the interaction effect
is present or not.

Reliability Coefficients 2 items

Alpha = .9539 Standardized item alpha = .9562
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Chapter 3 - Results

Range of Motion (DV) 2,2 ICC Reliability

RELIABILITY ANALYSIS -SCALE (ALPHA)

N of Cases = 20.0

Item Means Mean Minimum Maximum Range Max/Mm Variance
31.8463 31.8300 31.8625 .0325 1.0010 .0005

Analysis of Variance

Source of Variation Sum of Sq. DF Mean Square F Prob.

Between People 1389.8141 19 73.1481
Within People 55.4256 20 2.7713

Between Measures .0106 1 .0106 .0036 .9526
Residual 55.4151 19 2.9166

Total 1445.2397 39 37.0574

Intraclass Correlation Coefficient

Two-Way Random Effect Model (Consistency Definition):
People and Measure Effect Random
Single Measure Intraclass Correlation = .9233*

95.00% C.I.: Lower = .8170 Upper = .9689
F = 25.0801 DF = (19, 19.0) Sig. = .0000 (Test Value = .0000)
Average Measure Intraclass Correlation = .9601
95.00% Cd.: Lower = .8993 Upper = .9842

F = 25.0801 DF (19, 19.0) Sig. = .0000 (Test Value = .0000)
*: Notice that the same estimator is used whether the interaction effect

is present or not.

Reliability Coefficients 2 items

Alpha = .9601 Standardized item alpha = .9642
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H-reflex Gain (Hslp/Mslp = DV) 2,2 ICC Reliability

RELIABILITY ANALYSIS -SCALE (ALPHA)

N of Cases = 20.0

Item Means Mean Minimum Maximum Range Max/Mm Variance
2.5120 2.3620 2.6620 .3000 1.1270 .0450

Analysis of Variance

Source of Variation Sum of Sq. DF Mean Square F Prob.

Between People 46.6692 19 2.4563
Within People 24.6606 20 1.2330

Between Measures .9000 1 .9000 .7 197 .4068
Residual 23.7606 19 1.2506

Total 71.3298 39 1.8290

Intraclass Correlation Coefficient

Two-Way Random Effect Model (Consistency Definition):
People and Measure Effect Random
Single Measure Intraclass Correlation = .3253*

95.00% C.I.: Lower = -.1252 Upper = .6646
F = 1.9641 DF = (19, 19.0) Sig. = .0751 (Test Value = .0000)
Average Measure Intraclass Correlation = .4909

95.00% C.!.: Lower = -.2863 Upper = .7985
F = 1.9641 DF = (19, 19.0) Sig. = .0751 (Test Value = .0000)

*: Notice that the same estimator is used whether the interaction effect
is present or not.

Reliability Coefficients 2 items

Alpha = .4909 Standardized item alpha = .5051
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HmaxlMmax (DV) 2,2 ICC Reliability

RELIABILITY ANALYSIS -SCALE (ALPHA)

N of Cases 20.0

Item Means Mean Minimum Maximum Range Max/Mm Variance
.8234 .8154 .8315 .0161 1.0197 .0001

Analysis of Variance

Source of Variation Sum of Sq. DF Mean Square F Prob.

Between People 1.0861 19 .0572
Within People .0631 20 .0032

Between Measures .0026 1 .0026 .8145 .3781
Residual .0605 19 .0032

Total 1.1491 39 .0295

Intraclass Correlation Coefficient

Two-Way Random Effect Model (Consistency Definition):
People and Measure Effect Random
Single Measure Intraclass Correlation = .8945*

95.00% C.L: Lower = .7534 Upper = .9569
F = 17.9615 DF = (19, 19.0) Sig. .0000 (Test Value = .0000)
Average Measure Intraclass Correlation = .9443

95.00% C.!.: Lower = .8593 Upper = .9780
F = 17.9615 DF = (19, 19.0) Sig. .0000 (Test Value = .0000)

*: Notice that the same estimator is used whether the interaction effect
is present or not.

Reliability Coefficients 2 items

Alpha = .9443 Standardized item alpha = .9474
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Pre-synaptic Inhibition (DV) 2,2 ICC Reliability

RELIABILITY ANALYSIS -SCALE (ALPHA)

N of Cases = 20.0

Item Means Mean Minimum Maximum Range Max/Mm Variance
16.9620 15.9840 17.9400 1.9560 1.1224 1.9130

Analysis of Variance

Source of Variation Sum of Sq. DF Mean Square F Prob.

Between People 5680.8803 19 298.9937
Within People 1114.6799 20 55.7340

Between Measures 38.2594 1 38.2594 .6753 .4214
Residual 1076.4205 19 56.6537

Total 6795.5602 39 174.2451

Intraclass Correlation Coefficient

Two-Way Random Effect Model (Consistency Definition):
People and Measure Effect Random
Single Measure Intraclass Correlation = .6814*

95.00% C.I.: Lower = .3525 Upper = .8605
F = 5.2776 DF = (19, 19.0) Sig. = .0003 (Test Value = .0000)
Average Measure Intraclass Correlation = 2105

95.00% C.I.: Lower = .5213 Upper = .9250
F = 5.2776 DF = (19, 19.0) Sig. = .0003 (Test Value = .0000)

*: Notice that the same estimator is used whether the interaction effect
is present or not.

Reliability Coefficients 2 items

Alpha = .8105 Standardized item alpha = .8312
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Post-synaptic Inhibition (DV) 2,2 ICC Reliability

RELIABILITY ANALYSIS -SCALE (ALPHA)

N of Cases = 20.0

Item Means Mean Minimum Maximum Range Max/Mm Variance
5.7252 5.4290 6.0215 .5925 1.1091 .1755

Analysis of Variance

Source of Variation Sum of Sq. DF Mean Square F Prob.

Between People 1770.4414 19 93.1811
Within People 382.1308 20 19.1065

Between Measures 3.5106 1 3.5106 .1762 .6794
Residual 378.6202 19 19.9274

Total 2152.5722 39 55.1942

Intraclass Correlation Coefficient

Two-Way Random Effect Model (Consistency Definition):
People and Measure Effect Random
Single Measure Intraclass Correlation = .6476*

95.00% C.I.: Lower = .2985 Upper = .8439
F = 4.6760 DF = (19, 19.0) Sig. .0008 (Test Value = .0000)
Average Measure Intraclass Correlation = .7861

95.00% Cd.: Lower = .4597 Upper = .9154
F = 4.6760 DF = (19, 19.0) Sig. = .0008 (Test Value = .0000)

*: Notice that the same estimator is used whether the interaction effect
is present or not.

Reliability Coefficients 2 items

Alpha = .7861 Standardized item alpha = .8017
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2 (Group) X 2 (Sex) X 3 (Time) Repeated Measures
MANOVA with 5 Dependent Variables

Within-Subjects Factors

Dependent
Measure TIME Variable
ROM 1 ROMBASE

2 ROM3

3 ROM6
HGAIN 1 GAINBASE

2 GAIN3
3 GAIN6

HRATIO 1 RATIOBAS
2 RATIO3
3 RATIO6

PREIN 1 PREBASE
2 PRE3
3 PRE6

POSTINH 1 POSTBASE
2 POST3
3 POST6

Between-Subjects Factors

Value Label N
GROUP 0 0= control 20

1 1=
experiment 20
at

SEX 0 0= female 20
1 1= male 20
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Muttivariat,e

Partial
Within Hypothesis Eta Noncent. Observe
Subjects Effect Value F df Error df Squared Parameter d Powera
TIME Pillaisirace .787 8.952 10.000 138.000 .000 .393 89.520 1.000

Wilks b

.248 13.73 10.000 136.000 .000 .502 137.339 1.000Lambda

Hotellings
Trace 2.900 19.43 10.000 134.000 .000 .592 194.314 1.000

Roy's Largest
2.851 39.35 5.000 69.000 .000 .740 196.745 1.000

TIMEGROUP PillaisTrace .786 8.931 10.000 138.000 .000 .393 89.311 1.000
Wilks' b

Lambda .263 12.94 10.000 136.000 .000 .488 129.433 1.000

Hotellings
Trace 2.625 17.59 10.000 134.000 .000 .568 175.881 1.000

Roy's Largest
2.553 35.23 5.000 69.000 .000 .719 176.156 1.000Root

TIMESEX PillaisTrace .236 1.844 10.000 138.000 .058 .118 18.436 .829
Wilks b

Lambda .776 1.839 10.000 136.000 .059 .119 18.394 .828

Hotellings
Trace .274 1.835 10.000 134.000 .060 .120 18.346 .826

Roy's LargestRoot________.198 2.738 5.000 69.000 .026 .166 13.688 .793

TIMEGROUP PillaisTrace .162 1.219 10.000 138.000 .284 .081 12.194 .613
* SEX WiIks b

Lambda .844 1.204 10.000 136.000 .294 .081 12.039 .606

Hotellings
Trace .177 1.188 10.000 134.000 .304 .081 11.883 .598

Roy's Largest
Root .107 1.481 5.000 69.000 .207 .097 7.407 .490

a. Computed using alpha = .05

b. Exact statistic

C. The statistic is an upper bound on F that yields a lower bound on the significance level.

Design: lntercept+GROUP+SEX+GROUP * SEX
Within Subjects Design: TIME

e. Tests are based on averaged variables.
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Tests of Within-Subjects Contrasts

Type III Partial
Sum of Mean Eta Noncent. Observed

Source Measure TIME Squares df Square F Squared Parameter Powera
TIME ROM Linear 715.866 1 715.866 184.0 .000 .836 184.025 1.000

Quadratic .669 1 .669 .192 .664 .005 .192 .071
HGAIN Linear .152 1 .152 .229 .635 .006 .229 .075

Quadratic 1.303 1 1.303 1.301 .262 .035 1.301 .199
HRATIO Linear 5.009E-03 1 5.009E-03 .862 .359 .023 .862 .14.8

Quadratic 3.581E-03 1 3.581E-03 .770 .386 .021 .770 .137
PREIN Linear 10.025 1 10.025 .074 .787 .002 .074 .058

Quadratic 99.975 1 99.975 .751 .392 .020 .751 .135
POSTINH Linear 109.606 1 109.606 3.218 .081 .082 3.218 .415

Quadratic 1.350 1 1.350 .031 .861 .001 .031 .053
TIME ROM Linear 627.256 1 627.256 161.2 .000 .817 161.247 1.000
GROUP Quadratic 2.682 1 2.682 .771 .386 .021 .771 .137

HGAIN Linear .635 1 .635 .958 .334 .026 .958 .159
Quadratic 1.194 1 1.194 1.192 .282 .032 1.192 .186

HRATIO Linear 1.179E.02 1 l.179E-02 2.029 .163 .053 2.029 .284
Quadratic 1.468E-02 1 1.468E-02 3.158 .084 .081 3.158 .409

PREIN Linear 2.074 1 2.074 .015 .902 .000 .015 .052
Quadratic 6.541 1 6.541 .049 .826 .001 .049 .055

POSTINH Linear 9.856 1 9.856 .289 .594 .008 .289 .082
Quadratic 35.512 1 35.512 .819 .371 .022 .819 .143

TIME * ROM Linear 8.878 1 8.878 2.282 .140 .060 2.282 .313
SEX Quadratic 2.950 1 2.950 848 363 .023 .848 .146

HGAIN Linear .894 1 .894 1.348 .253 .036 1.348 .204
Quadratic 2.243E-02 1 2.243E-02 .022 .882 .001 .022 .052

HRATIO Linear 1.571E.02 1 1.571E-02 2.705 .109 .070 2.705 .360
Quadratic 8.251E-04 1 8.251E-04 .178 .676 .005 .178 .069

PREIN Linear 205.697 1 205.697 1.513 .227 .040 1.513 .224
Quadratic 43.129 1 43.129 .324 .573 .009 .324 .086

POSTINH Linear 85.078 1 85.078 2.498 .123 .065 2.498 .337
Quadratic 205.387 1 205.387 4739 .036 .116 4.739 .563

TIME ROM Linear 9.350 1 9.350 2.404 .130 .063 2.404 .326
GROUP Quadratic 4.825 1 4.825 1.387 .247 .037 1.387 .209

SEX HGAIN Linear .225 1 .225 .339 .564 .009 .339 .088
Quadratic 5.430E-02 1 5.430E-02 .054 817 .002 .054 .056

HRATIO Linear 2.634E-03 1 2.634E-03 .453 .505 .012 .453 .101
Quadratic 1.311E-03 1 1.311E-03 .282 .599 .008 .282 .081

PREIN Linear 318.083 1 318.083 2.340 .135 .061 2.340 .319
Quadratic 1.514 1 1.514 .011 .916 .000 .011 .051

POSTINH Linear 6.903 1 6.903 .203 .655 .006 .203 .072
Quadratic 135.751 1 135.751 3.132 .085 .080 3.132 .406

Error(TIM ROM Linear 140.041 36 3.890
E) Quadratic 125.255 36 3.479

HGAIN Linear 23.874 36 .663
Quadratic 36.067 36 1.002

HRATIO Linear .209 36 5.808E-03
Quadratic .167 36 4.648E-03

PREIN Linear 4893.024 36 135.917
Quadratic 4790.884 36 133.080

POSTINI-I Linear 1226.254 36 34.063
Quadratic 1560.124 36 43.337

a. Computed using alpha = .05
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Tests of Between-Subjects Effects

Transformed Variable: Averaae

Type Ill Partial
Sum of Mean Eta Noncent. Observed

Source Measure Squares df Square F Squared Parameter Powera
Intercept ROM 124541.9 1 124541.9 1505.0 .000 .977 1504.952 1.000

HGAIN 613.269 1 613.269 196.956 .000 .845 196.956 1.000
HRATIO 72.550 1 72.550 768.386 .000 .955 768.386 1.000
PREIN 36906.27 1 36906.27 129.825 .000 .783 129.825 1.000
POSTINH

7404.594 1 7404.594 82.197 .000 .695 82.197 1.000

GROUP ROM 7.341 1 7.341 .089 .768 .002 .089 .060
HGAIN 1.528 1 1.528 .491 .488 .013 .491 .105
HRATIO .254 1 .254 2.687 .110 .069 2.687 .358
PREIN 37.341 1 37.341 .131 .719 .004 .131 .064
POSTINH

176.977 1 176.977 1.965 .170 .052 1.965 .276

SEX ROM 236.209 1 236.209 2.854 .100 .073 2.854 .376
1-IGAIN .122 1 .122 .039 .844 .001 .039 .054
HRATIO .155 1 .155 1.646 .208 .044 1.646 .239
PREIN 236.321 1 236.321 .831 .368 .023 .831 .144
POSTINH

481.882 1 481.882 5.349 .027 .129 5.349 .614

GROUP * ROM 23.408 1 23.408 .283 .598 .008 .283 .081
SEX HGAIN .298 1 .298 .096 .759 .003 .096 .060

HRATIO 1.12E-03 1 1.116E-03 .012 .914 .000 .012 .051
PREIN 66.842 1 66.842 .235 .631 .006 .235 .076
POSTINH

14.918 1 14.918 .166 .686 .005 .166 .068

Error ROM 2979.171 36 82.755
t-IGAIN 112.094 36 3.114
HRAT)O 3.399 36 9.442E-02
PREIN 10233.97 36 284.277
POST1NH

3242.989 36 90.083

a. Computed using alpha = .05

Estimated Marginal Means

1. GROUP

Estimates

95% Confid=nce Interval
Lower Bound Upper BoundMeasure GROUP Mean Std. Error

ROM 0= control 31 .968 1.174 29.587 34.350
1= experimental 32.463 1.174 30.081 34.845

HGAIN 0= control 2.374 .228 1.911 2.836
1= experimental 2.148 .228 1.686 2.610

HRATIO 0= control .824 .040 .743 .904
1= experimental .732 .040 .651 .812

PREIN 0= control 16.979 2.177 12.565 21.394
1= experimental 18.095 2.177 13.680 22.510

POSTINH 0= control 6.641 1.225 4.156 9.126
1= experimental 9.070 1.225 6.585 11.555
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Pairwise Comparisons

Measure (I) GROUP (J) GROUP

Mean
Differen
ce (l-J)

Sid.
Error Sl9.a

95% Confidence Interval for
Differencea

Lower Bound Upper Bound
ROM 0= control 1= experimental -.495 1.661 .768 -3.863 2.874

1= experimental 0= control .495 1.661 .768 -2.874 3.863
HGAIN 0= control 1= experimental .226 .322 .488 -.428 .879

1= experimental 0= control -.226 .322 .488 -.879 .428
HRATIO 0= control 1= experimental 9.2E-02 .056 .110 -2.181E-02 .206

1= experimental 0= control -9.E-02 .056 .110 -.206 2.181E-02
PREIN 0=control 1=experimental -1.116 3.078 .719 -7.359 5.127

1=experimental 0=control 1.116 3.078 .719 -5.127 7.359
POSTINH 0=control 1=expenmental -2.429 1.733 .170 -5.943 1.086

1= experimental 0= control 2.429 1.733 .170 -1.086 5.943
Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.

Multivariate Tests

Value F
Hypothesis

df Error df Sig.

Partial
Eta

Squared
Noncent.
Parameter

Observed
Powera

Pillai's trace 63b 5.000 32.000 .678 .090 3.153 .200
Wilks' b

lambda .910 .631 5.000 32.000 .678 .090 3.153 .200

Flotelling's b
.099 .631 5.000 32.000 .678 .090 3.153 .200trace

Roys largest b

root .099 .631 5.000 32.000 .678 .090 3.153 .200

Each F tests the multivanate effect of GROUP. These tests are based on the linearty independent pairwise
comparisons among the estimated marginal means.

a. Computed using alpha = .05

b. Exact statistic

Univariate Tests

Partial
Sum of Mean Eta Noncent. Observed

Measure Squares df Square F Squared Parameter Powera
ROM Contrast 2.447 1 2.447 .089 .768 .002 .089 .060

Error 993.057 36 27.585
HGAIN Contrast .509 1 .509 .491 .488 .013 .491 .105

Error 37.365 36 1.038
HRATIO Contrast 8.5E-02 1 8.E-02 2.687 .110 .069 2.687 .358

Error 1.133 36 3.E-02
PREIN Contrast 12.447 1 12.447 .131 .719 .004 .131 .064

Error 3411.32 36 94.759
POSTINH Contrast 58.992 1 58.992 1.965 .170 .052 1.965 .276

Error 1081.00 36 30.028

The F tests the effect of GROUP. This test is based on the linearly independent pairwise comparisons among
the estimated marginal means.

a. Computed using alpha = .05
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Estimates

95% Confidence Interval

Lower Bound Upper BoundMeasure SEX Mean Std. Error
ROM 0= female 33.619 1.174 31.237 36.000

1= male 30.813 1.174 28.431 33.194
HGAIN 0= female 2.293 .228 1.831 2.755

1= male 2.229 .228 1.767 2.691
HRATIO 0= female .742 .040 .661 .822

1= male .814 .040 .733 .894

PREIN 0= female 18.940 2.177 14.526 23.355
1= male 16.134 2.177 11.719 20.548

POSTINH 0= female 9.859 1.225 7.374 12.344
1= male 5.851 1.225 3.366 8.336

Pairwise Comparisons

Measure (I) SEX (J) SEX

Mean
Difference

(l-J) Std. Error Sig.3

95% Confidence Interval for
Difference

Lower Bound Upper Bound
ROM 0= female 1= male 2.806 1.661 .100 -.562 6.174

1= male 0= female -2.806 1.661 .100 -6.174 .562
HGAIN 0=female 1=male

1= male 0= female
6.382E-02 .322 .844 -.590 .717

-6.382E-02 .322 .844 -.717 .590
HRATIO 0= female 1= male -7.197E-02 .056 .208 -.186 4.181E-02

1= male 0= female 7.197E-02 .056 .208 -4.181E-02 .186
PREIN 0= female 1= male 2.807 3.078 .368 -3.436 9.050

1= male 0= female -2.807 3.078 .368 -9.050 3.436
POSTINH 0= female 1= male 4.008* 1.733 .027 .493 7.522

1=male Ofemale -4.008 1.733 .027 -7.522 -.493

Based on estimated marginal means

The mean difference is significant at the .05 level.

a. Adjustment for multiple comparisons: Bonferroni.

Multivarlate Tests

Value F
Hypothesis

df
Error
df

Partial
Eta

Squared
Noncent.
Parameter

Observed
Power°

Pillais trace .254 2184b 5.000 32.000 .081 .254 10.922 .636
Wilks' b

lambda .746 2.184 5.000 32.000 .081 .254 10.922 .636

Hotelling's b
.341 2.184 5.000 32.000 .081 .254 10.922 .636trace

Roy's largest b
.341 2.184 5.000 32.000 .081 .254 10.922 .636

Each F tests the multivanate effect of SEX. These tests are based on the linearly independent pairwise
comparisons among the estimated marginal means.

a. Computed using alpha = .05

b. Exact statistic
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Univanate Tests

Partial
Sum of Mean Eta Noncent. Observed

Measure Squares df Square F Squared Parameter Powers

ROM Contrast 78.736 1 78.736 2.854
!

.100 .073 2.854 .376
Error 993.057 36 27.585

HGAIN Contrast 4.1E-02 I 4.1E-02 .039 .844 .001 .039 .054
Error 37.365 36 1.038

HRATIO Contrast 5.2E-02 I 5.2E.02 1.646 .208 .044 1.646 .239
Error 1.133 36 3.1E-02

PREIN Contrast 78.774 1 78.774 .831 .368 .023 .831 .144
Error 3411.324 36 94.759

POSTINH Contrast 160.627 1 160.627 5.349 .027 .129 5.349 .614
Error O8O.996 36 30.028

The F tests the effect of SEX. This test is based on the linearly independent pairwise comparisons among the
estimated marginal means.

a. Computed using alpha = .05

3. TIME

Estimates

95% Confidence Interval

Lower Bound Upper BoundMeasure TIME Mean Std. Error
ROM 1 29.171 .900 27.346 30.997

2 32.321 .777 30.746 33.897
3 35.154 .916 33.296 37.012

HGAIN 1 2.231 .186 1.853 2.608
2 2.408 .246 1.909 2.907
3 2.143 .156 1.827 2.459

HRATIO 1 .789 .029 .730 .849
2 .770 .030 .709 .830
3 .774 .030 .714 .833

PREIN 1 16.538 2.111 12.257 20.818
2 18.828 2.314 14.134 23.522
3 17.246 2.005 13.179 21.313

POSTINH 1 6.610 1.027 4.527 8.693
2 8.005 1.340 5.288 10.722
3 8.951 1.157 6.605 11.296
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Pairwise Comparisons

Mean 95% Confidence Interval for
Difference Difference

Lower Bound Upper BoundMeasure ) TIME (J) TIME (I-J) Std. Error Sig.a

ROM 1 2 .3.150* .417 .000 -4.198 -2.102
3 -5.983 .441 .000 -7.090 -4.875

2 1 3.150 .417 .000 2.102 4.198
3 .2.833* .429 .000 -3.910 -1.756

3 1 5.983* .441 .000 4.875 7.090
2 2.833* .429 .000 1.756 3.910

HGAIN 1 2 -.177 .244 1.000 -.790 .435
3 8.715E-02 .182 1.000 -.370 .544

2 1 .177 .244 1.000 -.435 .790
3 .265 .179 .447 -.186 .715

3 1 -8.715E-02 .182 1.000 -.544 .370
2 -.265 .179 .447 -.715 .186

HRATIO 1 2 1.950E-02 .014 .538 -1.626E-02 5.526E-02
3 1.583E-02 .017 1.000 -2.696E-02 5.861E-02

2 1 -1.950E-02 .014 .538 -5.526E-02 1.626E-02
3 -3.675E-03 .017 1.000 -4.651E-02 3.916E-02

3 1 -1.583E-02 .017 1.000 -5.861E-02 2.696E-02
2 3.675E-03 .017 1.000 -3.916E-02 4.651E-02

PREIN 1 2 -2.290 2.308 .983 -8.087 3.506
3 -.708 2.607 1.000 -7.254 5.838

2 1 2.290 2.308 .983 -3.506 8.087
3 1.582 2.837 1.000 -5.542 8.707

3 1 .708 2.607 1.000 -5.838 7.254
2 -1.582 2.837 1.000 -8.707 5.542

POSTINH 1 2 -1.395 1.167 .719 -4.326 1.535
3 -2.341 1.305 .244 -5.618 .936

2 1 1.395 1.167 .719 -1.535 4.326
3 -.945 1.655 1.000 -5.102 3.211

3 1 2.341 1.305 .244 -.936 5.618
2 .945 1.655 1.000 -3.211 5.102

Based on estimated marginal means

The mean difference is significant at the .05 level.

a. Adjustment for multiple comparisons: Bonferroni.

Muitivariate Tests

Value F Hypothesis df
Error

df Sig.

Partial
Eta

Squared
Noncent.
Parameter

Observed
Powera

Pillai's trace .879 19688b 10.000 27.00 .000 .879 196.878 1.000
Wilks' b

lambda .121 19.688 10.000 27.00 .000 .879 196.878 1.000

1-lotelling's b
7.292 19.688 10.000 27.00 .000 .879 196.878 1.000trace

Roy's largest b
7.292 19.688 10.000 27.00 .000 .879 196.878 1.000root

Each F tests the multivariate effect of TIME. These tests are based on the linearly independent pairwise
comparisons among the estimated marginal means.

a. Computed using alpha = .05

b. Exact statistic



4. GROUP * SEX

95% Confidence Interval

Lower Bound Upper BoundMeasure GROUP SEX Mean Std. Error
ROM 0= control 0= female 32.930 1.661 29.561 36.298

1 male 31 .007 1.661 27.639 34.375
1 experimental 0= female 34.308 1.661 30.939 37.676

1= male 30.618 1.661 27.250 33.987
HGAIN 0= control 0= female 2.455 .322 1.802 3.109

1= male 2.292 .322 1.638 2.945
1= experimental 0= female 2.130 .322 1.476 2.783

1= male 2.166 .322 1.512 2.819
HRATIO 0= control 0= female .791 .056 .677 .904

1 male .856 .056 .743 .970
1= experimental 0= female .693 .056 .579 .806

1= male .771 .056 .657 .884
PREIN Ocontrol 0=female 17.636 3.078 11.393 23.879

1= male 16.322 3.078 10.079 22.565
1= experimental 0= female 20.245 3.078 14.002 26.488

1= male 15.945 3.078 9.702 22.188
POSTINH 0= control 0= female 8.997 1.733 5.483 12.512

1= male 4.284 1.733 .770 7.799
1= experimental 0= female 10.721 1.733 7.207 14.235

1= male 7.418 1.733 3.904 10.933
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5. GROUP * TIME

95% Confid'nce Interval
Lower Bound Upper BoundMeasure GROUP TIME Mean Std. Error

ROM 0= control 1 31 .830 1.273 29.248 34.412
2 31.862 1.099 29.634 34.091
3 32.213 1.296 29.585 34.840

1= experimental 1 26.513 1.273 23.931 29.095
2 32.780 1.099 30.552 35.008
3 38.096 1.296 35.468 40.724

HGAIN 0= control 1 2.362 .263 1.828 2.896
2 2.662 .348 1.957 3.367
3 2.097 .220 1.650 2.544

1= experimental 1 2.099 .263 1.565 2.633
2 2.154 .348 1.449 2.860
3 2.190 .220 1.743 2.637

HRATIO 0= control 1 .815 .041 .731 .899
2 .831 .042 .746 .917
3 .824 .042 .739 .909

1= experimental 1 .763 .041 .679 .847
2 .708 .042 .623 .794
3 .723 .042 .638 .808

PREIN 0= control 1 15.984 2.985 9.931 22.037
2 17.940 3.273 11.302 24.578
3 17.014 2.836 11.262 22.766

1= experimental 1 17.091 2.985 11.038 23.145
2 19.716 3.273 13.078 26.354
3 17.478 2.836 11.726 23.229

POSTINH 0 control 1 5.429 1.452 2.483 8.375
2 6.022 1.895 2.179 9.864
3 8.472 1.636 5.155 11.789

1= experimental 1 7.791 1.452 4.845 10.736
2 9.989 1.895 6.147 13.831
3 9.429 1.636 6.112 12.747
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6. SEX * TIME

95% Confid'",ce Interval
Lower Bound Upper BoundMeasure SEX TIME Mean Std. Error

ROM 0= female 1 30.131 1.273 27.549 32.712
2 33.946 1.099 31.718 36.174
3 36.780 1.296 34.152 39.407

1= male 1 28.212 1.273 25.631 30.794
2 30.697 1.099 28.468 32.925
3 33.529 1.296 30.901 36.157

HGAIN 0= female 1 2.378 .263 1.844 2.912
2 2.421 .348 1.715 3.126
3 2.079 .220 1.632 2.526

1= male 1 2.083 .263 1.549 2.617
2 2.395 .348 1.690 3.101
3 2.208 .220 1.761 2.655

HRATIO 0= female 1 .766 .041 .681 .850
2 .738 .042 .652 .823
3 .722 .042 .637 .806

1= male 1 .813 .041 .729 .897
2 .802 .042 .717 .888
3 .825 .042 .741 .910

PREIN 0= female 1 19.969 2.985 13.915 26.022
2 19.383 3.273 12.746 26.021
3 17.469 2.836 11.718 23.221

1= male 1 13.107 2.985 7.054 19.160
2 18.272 3.273 11.635 24.910
3 17.022 2.836 11.270 22.774

POSTINH 0= female 1 8.508 1.452 5.562 11.453
2 8.159 1.895 4.317 12.001
3 12.911 1.636 9.594 16.228

1= male 1 4.712 1.452 1.766 7.658
2 7.852 1.895 4.009 11.694
3 4.990 1.636 1.673 8.308
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7. GROUP SEX * TIME

95% Confidence Interval

Lower Bound Upper BoundMeasure GROUP SEX TIME Mean Ski. Error
ROM 0= control 0= female 1 32831 1800 29.180 36482

2 32.762 1.554 29.611 35.913
3 33.196 1.832 29.480 36.912

1= male 1 30.829 1.800 27.178 34.480
2 30.963 1.554 27.812 34.114
3 31.229 1.832 27.513 34.945

1=expenmenlal 0=female 1 27.430 1.800 23.779 31.081
2 35.130 1.554 31.979 38.281
3 40.363 1.832 36.647 44.079

1 male 1 25.596 1.800 21.945 29.247
2 30.430 1.554 27.279 33.581
3 35.829 1.832 32.113 39.545

HGAIN 0=control 0=female 1 2.521 .372 1.766 3.276
2 2.694 .492 1.697 3.692
3 2.150 .312 1.518 2.783

1= male 1 2.203 .372 1.447 2.958
2 2.630 .492 1.632 3.627
3 2.043 .312 1.411 2.675

1=expenmental 0=female I 2.235 .372 1.479 2.990
2 2.147 .492 1.149 3.145
3 2.008 .312 1.376 2.640

1.964 .372 1.208 2.7191= male I
2 2.161 .492 1.164 3.159
3 2.372 .312 1.740 3.004

HRATIO 0= control 0= female I .787 .059 .667 .906
2 .807 .060 .686 .928
3 .778 .059 .659 .898

1= male I .844 .059 .725 .963
2 .856 .060 .735 .977
3 .869 .059 .749 .989

1= experimental 0= female I .745 .059 .625 .864
2 .668 .060 .547 .789
3 .665 .059 .545 .785

1 = male 1 .782 .059 .663 .901
2 .748 .060 .627 .869
3 .781 .059 .662 .901

PREIN 0= control 0= female 1 16.595 4.221 8.034 25.156
2 17.908 4.629 8.521 27.295
3 18406 4.011 10.272 26.540

15.373 4.221 6.812 23.9341= male I
2 17.972 4.629 8.585 27.359
3 15.622 4.011 7488 23.756

1= expenmenlal 0= female 1 23.342 4.221 14781 31903
2 20.859 4.629 11.472 30.246
3 16.533 4.011 8.399 24.667

1= male 1 10.841 4.221 2.280 19.402
2 18.573 4.629 9.186 27.960
3 18.422 4.011 10288 26556

POSTINI-I 0= control 0= female 1 7.221 2.054 3.055 11.387
2 8.032 2.679 2.598 13.466
3 11.739 2.313 7.048 16.430

3.637 2.054 -.529 7.8031 = male 1

2 4.011 2.679 -1.423 9.445
3 5.205 2.313 .514 9.896

1= expenmental 0= female 1 9.794 2.054 5.628 13.960
2 8.286 2.679 2.852 13.720
3 14.083 2.313 9.392 18.774

5.787 2.054 1.621 9.9531= male 1

2 11.692 2.679 6.258 17.126
3 4.776 2.313 8.470E-02 9.467
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Group (2) X Gender (2) X Time (3) Mixed ANOVA with
ROM (DV)

Estimated Marginal Means of MEASURE_i
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Estimated Marginal Means of MEASURE_i
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Group (2) X Gender (2) X Time (3) Mixed ANOVA with
H-reflex Gain (HslplMslp=DV)

Estimated Marginal Means of MEASURE_i
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Group (2) X Gender (2) X Time (3) Mixed ANOVA with
Hmax/Mmax (DV)

Estimated Marginal Means of MEASURE_I
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Group (2) X Gender (2) X Time (3) Mixed ANOVA with
Pre-synaptic Inhibition (DV)
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Group (2) X Gender (2) X Time (3) Mixed ANOVA with
Post-synaptic Inhibition (DV)
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Estimated Marginal Means of MEASURE_i

At SEX = 0= female
16 i

14

U)

ci) 12

CD
C

10
CD

D
CD

E
Cl)w 6

1 2

TIME

3

GROUP

D
0= control

1= experinntal

Estimated Marginal Means of MEASURE_i

AtSEX= 1= male
14

12

U)

10
ci)

8
C
0)

CD 6

ci)

E
-a
U)

w 2

TIME

2

GROUP

0
0= control

1= experimental

198



199

Group (2) X Time (3) Mixed ANOVA with Dorsiflexion
Range of Motion (DV)

Within-Subjects Factors

Measure: MEASURE_i

Dependent
TIME Variable
1 ROMBASE
2 ROM3
3 ROM6

Between-Subjects Factors

Value Label N
GROUP 0 0= control 20

1 1=

experiment 20
al

Descriptive Statistics

GROUP Mean Std. Deviation N
ROMBASE 0= control 31 .8300 6.54968 20

1= experimental 26.51 30 4.521 63 20
Total 29.1715 6.17320 40

ROM3 0= control 31 .8625 5.75903 20
1= experimental 32.7800 4.38632 20
Total 32.3212 5.07416 40

ROM6 0= control 32.2125 6.56970 20
1= experimental 38.0960 5.18493 20
Total 35.1542 6.55744 40

Box's Test of Equality of Covariance Matrice*

Box's M 9.636
F 1.468
df 1 6

df2 10462.189
Sig. .185

Tests the null hypothesis that the observed covanance
matrices of the dependent variables are equal across groups.

a.

Design: lntercept+GROUP
Within Subjects Design: TIME



Multivariate Test'

Effect Value F Hypothesis df Error df Sig.
TIME Pillais Trace .819 83710a 2.000 37.000 .000

Wilks Lambda .181 83710a 2.000 37.000 .000

Hotelling's Trace 4.525 83710a 2.000 37.000 .000

Roy's Largest Root 4.525 83710a 2.000 37.000 .000

TIME * GROUP PiIIai's Trace .799 73344a 2.000 37.000 .000

Wilks' Lambda .201 73344a 2.000 37.000 .000

Hotelling's Trace 3.965 73344a 2.000 37.000 .000

Roy's Largest Root 3.965 73344a 2.000 37.000 .000

a. Exact statistic

Design: Intercept+GROUP
Within Subjects Design: TIME

Tests of Within-Subjects Effects

Measure: MEASURE 1

200

Type III Sum
Source of Squares df Mean Square F Sig.
TIME SphericityAssumed 716.535 2 358.267 93.472 .000

Greenhouse-Geisser 716.535 1.980 361.962 93.472 .000

Huyh-FeIdt 716.535 2.000 358.267 93.472 .000

Lower-bound 716.535 1.000 716.535 93.472 .000

TIME * GROUP Sphericity Assumed 629.938 2 314.969 82.175 .000

Greenhouse-Geisser 629.938 1.980 318.217 82.175 .000

Huynh-Feldt 629.938 2.000 314.969 82.175 .000

Lower-bound 629.938 1.000 629.938 82.175 .000

Error(TIME) Sphericity Assumed 291.300 76 3.833

Greenhouse-Geisser 291.300 75.224 3.872

Huynh-Feldt 291.300 76.000 3.833

Lower-bound 291.300 38.000 7.666

Tests of Within-Subjects Contrasts

Measure: MEASURE 1

Type III Sum
Source TIME of Squares df Mean Square F Sig.
TIME Linear 715.866 1 715.866 171.877 .000

Quadratic .669 1 .669 .191 .665

TIME * GROUP Linear 627.256 1 627.256 150.602 .000

Quadratic 2.682 1 2.682 .766 .387

Error(TIME) Linear 158.269 38 4.165

Quadratic 133.030 38 3.501



Levene's Test of Equality of Error Variances

F dli df2 Sig.
ROMBASE 1.639 1 38 .208
ROM3 1.573 1 38 .217
ROM6 .902 1 38 .348

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.

a.

Design: lntercept+GROUP
Within Subjects Design: TIME

Tests of Between-Subjects Effects

Measure: MEASURE_i

Transformed Variable: Average

Type Ill Sum
Source of Squares df Mean Square F Sig.
Intercept 124541.901 1 124541.901 1461.223 .000
GROUP 7.341 1 7.341 .086 .771
Error 3238.788 38 85.231

Estimated Marginal Means
1. GROUP

Estimates

Measure: MEASURE_i

GROUP Mean Std. Error
95% Confidence Interval

Lower Bound Upper Bound
0= control

1 = experimental
31 .968

32.463

1.192

1.192

29.556

30.050

34381

34.876

Pairwise Comparisons

Measure: MEASURE_I

201

Mean 95% Confidence Interval for
Difference Difference

Lower Bound Upper Bound(I) GROUP (J) GROUP (l-J) Std. Error S9.a
0=control 1=experimental -.495 1.686 .771 -3.907 2.918
1= experimental 0= control .495 1.686 .771 -2.918 3.907
Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.



Univariate Tests

Measure: MEASURE_i

Sum of
Squares df Mean Square F Sig.

Contrast 2.447 1 2.447 .086 .771
Error 1079.596 38 28.410

The F tests the effect of GROUP. This test is based on the linearly independent
pairwise comparisons among the estimated marginal means.

2. TIME

Estimates

Measure: MEASURE 1

TIME Mean Std. Error
95% Confidence Interval

Lower Bound Upper Bound
1 29.171 .890 27.370 30.973
2 32.321 .809 30 .683 33.960
3 35.154 .936 33.260 37.048

Pairwise Comparisons

Measure: MEASURE_i
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Mean 95% Confidence Interval for
Difference Difference

Lower Bound Upper Bound(I) TIME (J) TIME (l-J) Std. Error Sig.a

1 2 .3.150* .438 .000 -4.248 -2.052
3 .5.983* .456 .000 -7.126 -4.840

2 1 3.150* .438 .000 2.052 4.248
3 .2.833* .418 .000 -3.879 -1.787

3 1 5.983* .456 .000 4.840 7.126
2 2.833* .418 .000 1.787 3.879

Based on estimated marginal means

The mean difference is significant at the .05 level.

a. Adjustment for multiple comparisons: Bonferroni.

Multivariate Tests

Value F jypothesis df Error df Sig.
Pillai's trace .819 83.710a 2.000 37.000 .000
Wilks' lambda .181 83.710a 2.000 37.000 .000
Hotelling's trace 4.525 83.710a 2.000 37.000 .000
Roy's largest root 4.525 83.710a 2.000 37.000 .000

Each F tests the multivariate effect of TIME. These tests are based on the linearly
independent pairwise comparisons among the estimated marginal means.

a. Exact statistic



3. GROUP * TIME

Measure: MEASURE 1

95% Confidence Interval

Lower Bound Upper BoundGROUP TIME Mean Std. Error
0= control 1 31 .830 1.258 29.282 34.378

2 31.863 1.145 29.545 34.180
3 32.212 1.323 29.534 34.891

1= experimental 1 26.513 1.258 23.965 29.061
2 32.780 1.145 30.463 35.097
3 38.096 1.323 35.417 40.775

Profile Plots
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TiME

Group (2) X Time (3) Mixed ANOVA with H-reflex Gain
(DV)

Within-Subjects Factors

Measure: MEASURE I

Dependent
TIME Variable
I GAINBASE
2 GAIN3

3 GAIN6
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Between-Subjects Factors

Value Label N
GROUP 0 0= control 20

1 1=

experiment 20
at

Descriptive Statistics

GROUP Mean Std. Deviation N
GAINBASE 0= control 2.3619 1.16289 20

1= experimental 2.0991 1.14985 20
Total 2.2306 1.14920 40

GAIN3 0= control 2.6620 1.53444 20
1= experimental 2.1541 1.49383 20
Total 2.4080 1.51669 40

GAIN6 0= control 2.0966 .88143 20
1= experimental 2.1902 1.04983 20
Total 2.1434 .95796 40

Box's Test of Equality of Covariance Matrice%

Box's M 1.745
F .266
df 1 6

df2 10462.189
Sig. .953

Tests the null hypothesis that the observed covariance
matrices of the dependent variables are equal across groups.

a.

Design: lntercept+GROUP
Within Subjects Design: TIME

Multivariate Test

Effect Value F Hypothesis df Error df Sig.
TIME PiIIai's Trace .059 1153a 2.000 37.000 .327

Wilks' Lambda .941 1153a 2.000 37.000 .327

Hotelling's Trace .062 1.153a 2.000 37.000 .327

Roy's Largest Root .062 1.153 2.000 37.000 .327
TIME * GROUP Pillal's Trace .086 1738a 2.000 37.000 .190

Wilks' Lambda .914 1.738a 2.000 37.000 .190

Hotelling'sTrace .094 1.738 2.000 37.000 .190

Roy's Largest Root .094 j738a 2.000 37.000 .190

a. Exact statistic

b.

Design: Intercept+GROUP
Within Subjects Design: TIME



Tests of Wfthin-Subjects Effects

Measure: MEASURE_i
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Type III Sum
Source of Squares df Mean Square F Sig.
TIME Sphericity Assumed 1.455 2 .727 .904 .409

Greenhouse-Geisser 1.455 1.706 .853 .904 .396
Huynh-Feldt 1.455 1.825 .797 .904 .401
Lower-bound 1.455 1.000 1.455 .904 .348

TIME GROUP Sphericity Assumed 1.829 2 .915 1.137 .326
Greenhouse-Geisser 1.829 1.706 1.072 1.137 .320
Huynh-Feldt 1.829 1.825 1.002 1.137 .323
Lower-bound 1.829 1.000 1.829 1.137 .293

Error(TIME) Sphericity Assumed 61.137 76 .804
Greenhouse-Geisser 61.137 64.832 .943
Huynh-Feldt 61.137 69.358 .881
Lower-bound 61.137 38.000 1.609

Tests of Within-Subjects Contrasts

Measure: MEASURE_i

Type III Sum
Source TIME of Squares df Mean Square F Sig.
TIME Linear .152 1 .152 .231 .634

Quadratic 1.303 1 1.303 1.370 .249
TIME * GROUP Linear .635 1 .635 .966 .332

Quadratic 1.194 1 1.194 1.256 .270
Error(TIME) Linear 24.993 38 .658

Quadratic 36.143 38 .951

Leven&s Test of Equality of Error Variance%

F dfl df2 Sig.
GAINBASE .033 1 38 .856
GAIN3 .309 1 38 .581
GAIN6 .004 1 38 .951

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.

a.

Design: lntercept+GROUP
Within Subjects Design: TIME

Tests of Between-Subjects Effects

Measure: MEASURE_i

Transformed Variable: Average

Type Ill Sum
Source of Squares df Mean Square F Sig.
Intercept 613.269 1 613.269 207.121 .000
GROUP 1.528 1 1.528 .516 .477
Error 112.515 38 2.961



Estimated Marginal Means
1. GROUP

Estimates

Measure: MEASURE_i

GROUP Mean Std. Error
95% Confidence Interval

Lower Bound Upper Bound
0 control
i= experimental

2.374

2.148

.222

.222

1.924

1.698

2.823

2.598

Pairwise Comparisons

Measure: MEASURE_i

Mean 95% Confidence Interval for
Difference Difference

Lower Bound Upper Bound(I) GROUP (J) GROUP (l-J) Std. Error Sig.a
0= control 1= experimental .226 .314 .477 -.410 .862
1= experimental 0= control -.226 .314 .477 -.862 .410

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.

Univariate Tests

Measure: MEASURE_i

Sum of
Squares df Mean Square F Sig.

Contrast .509 1 .509 .516 .477
Error 37.505 38 .987

The F tests the effect of GROUP. This test is based on the linearly independent
pairwise comparisons among the estimated marginal means.

2.TIME

Estimates

Measure: MEASURE_i

TIME Mean Std. Error
95% Confidence Interval

Lower Bound Upper Bound
1 2.231 .183 1.860 2.601
2 2.408 .239 1.923 2.893
3 2.143 .153 1.833 2.454
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Pairwise Comparisons

Measure: MEASURE_i

Mean 95% Confidence Interval for
Difference Diffence

Lower Bound Upper Bound(I) TIME (J) TIME (I-J) Std. Error Sig.a

2 -.177 .238 1.000 -.775 .420
3 8.715E-02 .181 1.000 -.367 .541

2 1 .177 .238 1.000 -.420 .775
3 .265 .176 .422 -.176 .705

3 1 -8.7i5E-02 .181 1.000 -.541 .367
2 -.265 .176 .422 -.705 .176

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.

Multivariate Tests

Value F Hypothesis df Error df Sig.
Pillai's trace .059 1.153a 2.000 37.000 .327
Wilks' lambda .941 1.153a 2.000 37.000 .327
Hotelling's trace .062 i153a 2.000 37.000 .327
Roy's largest root .062 i.153a 2.000 37.000 .327

Each F tests the multivariate effect of TIME. These tests are based on the linearly
independent pairwise comparisons among the estimated marginal means.

a. Exact statistic

3. GROUP * TIME

Measure: MEASURE_i

95% Confidence Interval

Lower Bound Upper BoundGROUP TIME Mean Std. Error
0= control 1 2.362 .259 1.838 2.885

2 2.662 .339 1.976 3.347
3 2.097 .217 1.658 2.535

1= experimental 1 2.099 .259 1.576 2.623
2 2.154 .339 1.469 2.840
3 2.190 .217 1.751 2.629
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Group (2) X Time (3) Mixed ANOVA with Hmax/Mmax
(DV)

Within-Subjects Factors

Measure: MEASURE 1

Dependent
TIME Variable
I RATIOBAS
2 RATIO3
3 RATIO6

Between-Subjects Factors

Value Label N
GROUP 0 0= control 20

1 1=
experiment 20
al
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Descriptive Statistics

GROUP Mean Std. Deviation N
RATIOBAS 0= control .8153 .16379 20

1= experimental .7633 .19914 20
Total .7893 .18189 40

RATIO3 0= control .8314 .18308 20
1= experimental .7082 .19005 20
Total .7698 .19447 40

RATIO6 0= control .8238 .17192 20
1 = experimental .7232 .20579 20
Total .7735 .19397 40

Box's Test of Equality of Covariance Matrices

Box's M 11.734

F 1.787

df 1 6
df2 10462.189
Sig. .097

Tests the null hypothesis that the observed covariance
matrices of the dependent variables are equal across groups.

a.

Design: lntercept+GROUP
Within Subjects Design: TIME

Multivariate Test

Effect Value F Hypothesis df Error df Sig.
TIME PilIai's Trace .051 .992° 2.000 37.000 .380

Wilks' Lambda 949 992a 2.000 37.000 .380

HoteIIng's Trace .054 .992a 2.000 37.000 .380

Roy's Largest Root .054 .992° 2.000 37.000 .380

TIME * GROUP PilIai's Trace .146 3.167° 2.000 37.000 054
Wilks' Lambda .854 3167a 2.000 37.000 .054

Hotelling's Trace .171 3.167° 2.000 37.000 .054

Roy's Largest Root .171 3.167° 2.000 37.000 .054

a. Exact statistic

b.

Design: Intercept+GROUP
Within Subjects Design: TIME
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Tests of Within-Subjects Effects

Measure: MEASURE_I

Type III Sum
Source of Squares df Mean Square F S1g.
TIME Sphericity Assumed 8.589E-03 2 4.295E-03 .822 .443

Greenhouse-Geisser 8.589E-03 1.889 4.547E-03 .822 .437
Huynh-Feldt 8.589E-03 2.000 4.295E-03 .822 .443
Lower-bound 8.589E-03 1.000 8.589E-03 .822 .370

TIME * GROUP Sphencity Assumed 2.647E-02 2 1 .323E-02 2.534 .086
Greenhouse-Geisser 2.647E-02 1.889 1.401E-02 2.534 .089
Huynh-Feldt 2.647E-02 2.000 1 .323E-02 2.534 .086
Lower-bound 2.647E-02 1.000 2.647E-02 2.534 .120

Error(TIME) Sphericity Assumed .397 76 5.222E-03
Greenhouse-Geisser .397 71 .785 5.529E-03
Huyrih-Feldt .397 76.000 5.222E-03
Lower-bound .397 38.000 1 .044E-02

Tests of Within-Subjects Contrasts

Measure: MEASURE 1

Type III Sum
Source TIME of Squares df Mean Square F Sig.
TIME Linear 5.009E-03 1 5.009E-03 .837 .366

Quadratic 3.581E-03 1 3.581E-03 .803 .376
TIME * GROUP Linear 1.179E-02 1 1.179E-02 1.969 .169

Quadratic 1.468E-02 1 1.468E-02 3.291 .078
Error(TIME) Linear .227 38 5.985E-03

Quadratic .169 38 4.460E-03

Levene's Test of Equality of Error Variances

F dfl df2 Sig.
RATIOBAS .291 1 38 .593
RATIO3 .011 1 38 .917
RATIO6 .752 1 38 .391

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.

a.

Design: lntercept+GROUP
Within Subjects Design: TIME

Tests of Between-Subjects Effects

Measure: MEASURE_i

Transformed Variable: Average

Type Ill Sum
Source of Squares df Mean Square F Sig.
Intercept 72.550 1 72.550 775.376 .000
GROUP .254 1 .254 2.712 .108
Error 3.556 38 9.357E-02
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Estimated Marginal Means
1. GROUP

Estimates

Measure: MEASURE_i

GROUP Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound
0= control

1= experimental
.824

.732

.039

.039

.744

.652

.903

.812

Pairwise Comparisons

Measure: MEASURE_i

(I) GROUP (J) GROUP

Mean
Difference

(I-J) Std. Error Sig.a

95% Confidence Interval for
Differencea

Lower Bound Upper Bound
0= control 1= experimental 9.197E-02 .056 .108 -2.109E-02 .205
1= experimental 0= control -9.197E-02 .056 .108 -.205 2.109E-02

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.

Univariate Tests

Measure: MEASURE 1

Sum of
Squares df Mean Square F Sig.

Contrast 8.458E-02 1 8.458E-02 2.712 .108
Error 1.185 38 3.119E-02

The F tests the effect of GROUP. This test is based on the linearly independent
pairwise comparisons among the estimated marginal means.

Estimates

Measure: MEASURE_i

TIME Mean Std. Error
95% Confidence Interval

Lower Bound Upper Bound
1 .789 .029 .731 .848
2 .770 .030 .710 .830
3 .773 .030 .713 .834
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Pairwise Comparisons

Measure: MEASURE_i

Mean 95% Confidence Interval for
Difference

aDifference
Lower Bound Upper Bound(I) TIME (J) TIME (I-J) Std. Error Sig.a

1 2 1.950E-02 .014 .523 -i.577E-02 5.477E-02

3 1.583E-02 .017 1.000 -2.750E-02 5.9i5E-02

2 i -i.950E-02 .014 .523 -5.477E-02 i.577E-02

3 -3.675E-03 .017 1.000 -4.602E-02 3.867E-02

3 1 -1.583E-02 .017 1.000 -5.915E-02 2.750E-02

2 3.675E-03 .017 1.000 -3.867E-02 4.602E-02

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.

Multivariate Tests

Value F Hypothesis df Error df Sig.
PiIlai's trace .051 gg2a 2.000 37.000 .380

Wilks' lambda 949 992a 2.000 37.000 .380

Hotelling's trace .054 992a 2.000 37.000 .380

Roy's largest root .054 992a 2.000 37.000 .380

Each F tests the multivariate effect of TIME. These tests are based on the linearly
independent pairwise comparisons among the estimated marginal means.

a. Exact statistic

3. GROUP * TIME

Measure: MEASURE_i

95% Confidence Interval
Lower Bound Upper BoundGROUP TIME Mean Std. Error

0= control 1 .815 .041 .733 .898

2 .831 .042 .747 .916

3 .824 .042 .738 .910

1= experimental 1 .763 .041 .681 .846

2 .708 .042 .624 .793

3 .723 .042 .637 .809
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Group (2) X Time (3) Mixed ANOVA with Pre-synaptic
Inhibition (DV)

Within-Subjects Factors

Measure: MEASURE I

Dependent
TIME Variable
1 PREBASE
2 PRE3
3 PRE6

Between-Subjects Factors

Value Label N
GROUP 0 0= control 20

1 1=
experiment 20
al
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Descriptive Statistics

GROUP Mean Std. Deviation N
PREBASE 0= control 15.9840 11.26554 20

1= experimental 17.0915 15.88066 20
Total 16.5377 13.60176 40

PRE3 0= control 17.9400 15.12399 20
1= experimental 19.7160 13.36361 20
Total 18.8280 14.11550 40

PRE6 0= control 17.0140 12.57369 20
1= experimental 17.4775 12.23339 20
Total 17.2457 12.24689 40

Box's Test of Equality of Covariance Matrices

Box's M
1 8.642

F 1.316
df 1 6

cIf2 110462.189
Sig.

.L- .246

Tests the null hypothesis that the observed covariance
matrices of the dependent variables are equal across groups.

Design: lntercept+GROUP
Within Subjects Design: TIME

Multivarlate Test

Effect Value F Hypothesis df Error df Sig.
TIME PiIlai's Trace .025 481a 2.000 37.000 .622

Wilks' Lambda 975 2.000 37.000 .622

Hotelling's Trace .026 .481° 2.000 37.000 .622

Roys Largest Root .026 .481° 2.000 37.000 .622

TIME GROUP PUlai's Trace .002 .028° 2.000 37.000 .972

Wilks' Lambda .998 .028° 2.000 37.000 .972

Hotellings Trace .002 .028° 2.000 37.000 .972

Roy's Largest Root .002 .028° 2.000 37.000 .972

a. Exact statistic

Design: Intercept+GROUP
Within Subjects Design: TIME



Tests of Within-Subjects Effects

Measure: MEASURE_i
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Type III Sum
Source of Squares df Mean Square F Sig.
TIME SphericityAssumed 110.000 2 55.000 .408 .667

Greenhouse-Geisser 110.000 1.919 57.334 .408 .658
Huynh-Feldt 110.000 2.000 55.000 .408 .667
Lower-bound 110.000 1.000 110.000 .408 .527

TIME * GROUP Sphencity Assumed 8.614 2 4.307 .032 .969
Greenhouse-Geisser 8.614 1.919 4.490 .032 .965
Huynh-Feldt 8.614 2.000 4.307 .032 .969
Lower-bound 8.614 1.000 8.614 .032 .859

Error(TIME) Sphencity Assumed 10252.331 76 134.899
Greenhouse-Geisser 10252.331 72.906 140.624
Huynh-Fe!dt 10252.331 76.000 134.899
Lower-bound 10252.331 38.000 269.798

Tests of Within-Subjects Contrasts

Measure: MEASURE 1

Type III Sum
Source TIME of Squares df Mean Square F Sig.
TIME Linear 10.025 1 10.025 .070 .792

Quadratic 99.975 1 99.975 .786 .381

TIMEGROUP Linear 2.074 1 2.074 .015 .905
Quadratic 6.541 1 6.541 .051 .822

Error(TIME) Linear 5416.804 38 142.547
Quadratic 4835.527 38 127.251

Levenes Test of Equality of Error Variances

F dfi df2 Sig.
PREBASE 1.674 1 38 .204
PRE3 .436 1 38 .513
PRE6 .154 1 38 .697

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.

a.

Design: lntercept+GROUP
Within Subjects Design: TIME

Tests of Between-Subjects Effects

Measure: MEASURE_i

Transformed Variable: Average

Type Ill Sum
Source of Squares df Mean Square F Sig.
Intercept 36906.266 1 36906.266 133.095 .000
GROUP 37.341 1 37.341 .135 .716
Error 10537.135 38 277.293



Estimated Marginal Means
1. GROUP

Estimates

Measure: MEASURE_i

GROUP Mean Std. Error
L95% Confidence Interval

Lower Bound Upper Bound
0= control

1= experimental
16.979

18.095

2.150

2.150

12.627

13.743

21.331

22.447

Pairwise Comparisons

Measure: MEASURE 1
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Mean 95% Confidence Interval for
Difference Difference

Lower Bound Upper Bound(I) GROUP (J) GROUP (l-J) Std. Error Sig.a

0= control 1= experimental -1.116 3.040 .716 -7.270 5.039
1= experimental 0= control 1.116 3.040 .716 -5.039 7.270

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.

Ilnivariate Tests

Measure: MEASURE_i

Sum of
Squares df Mean Square F Sig.

Contrast 12.447 1 12.447 .135 .716
Error 3512.378 38 92.431

The F tests the effect of GROUP. This test is based on the linearly independent
pairwise comparisons among the estimated marginal means.

2.TIME

Estimates

Measure: MEASURE_i

TIME Mean Std. Error
95% Confidence Interval

Lower Bound Upper Bound
1 16.538 2.177 12.131 20.945
2 18.828 2.256 i4.260 23.396
3 17.246 1.961 13.275 21.216
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Pairwise Comparisons

Measure: MEASURE_i

Mean 95% Confidence Interval for
Difference Difference

Lower Bound Upper Bound(I) TIME (J) TIME (l-J) Std. Error Sig.a

1 2 -2.290 2.323 .991 -8.109 3.528
3 -.708 2.670 1.000 -7.395 5.979

2 1 2.290 2.323 .991 -3.528 8.109
3 i.582 2.777 1.000 -5.373 8.537

3 i .708 2.670 1.000 -5.979 7.395
2 -1.582 2.777 1.000 -8.537 5.373

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.

Multivariate Tests

Value F Hypothesis df Error df Sig.
Pillai's trace .025 481a 2.000 37.000 .622
Wilks' lambda 975 2.000 37.000 .622
Hotelling's trace .026 481a 2.000 37.000 .622
Roy's largest root .026 .481a 2.000 37.000 .622

Each F tests the multivariate effect of TIME. These tests are based on the linearly
independent pairwise comparisons among the estimated marginal means.

a. Exact statistic

3. GROUP * TIME

Measure: MEASURE_i

95% Confidence Interval
Lower Bound Upper BoundGROUP TIME Mean Std. Error

0= control 1 15.984 3.079 9.752 22.216
2 17.940 3.191 11.480 24.400
3 17.014 2.774 11.399 22.629

1= experimental 1 17.091 3.079 10.859 23.324
2 19.716 3.191 13.256 26.176
3 17.478 2.774 11.862 23.093
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Group (2) X Time (3) Mixed ANOVA with Post-synaptic
Inhibiiton (DV)

Within-Subjects Factors

Measure: MEASURE I

Dependent
TIME Variable
I POSTBASE
2 POST3
3 POST6

Between-Subjects Factors

Value Label N
GROUP 0 0= control 20

1 1=
experiment 20
al



Descriptive Statistics

GROUP Mean Std. Deviation N
POSTBASE 0= control 5.4290 6.50860 20

1= experimental 7.7905 6.72141 20
Total 6.6097 6.63907 40

POST3 0= control 6.0215 8.41110 20
1= experimental 9.9890 8.51 944 20
Total 8.0052 8.59432 40

POST6 0= control 8.4720 8.77522 20
1 = experimental 9.4295 7.64244 20
Total 8.9508 8.13663 40

Boxs Test of Equality of Covariance Matrices

Boxs M 3.192
F .486
df 1 6

df2 10462.189
Sig. .819

Tests the null hypothesis that the observed covariance
matrices of the dependent variables are equal across groups.

Design: lntercept+GROUP
Within Subjects Design: TIME

Multivariate Test

219

Effect Value F Hypothesis df Error df Sig.
TIME PiIIai's Trace .104 2.147° 2.000 37.000 .131

Wilks' Lambda .896 2.147° 2.000 37.000 .131

Hotelling's Trace .116 2.147° 2.000 37.000 .131

RoysLargestRoot .116 2.147a 2.000 37.000 .131

TIMEGROUP PillaisTrace .019 .358° 2.000 37.000 .701.

Wilks Lambda .981 358° 2.000 37.000 .701

Hotelling's Trace .019 .358° 2.000 37.000 .701

Roy'sLargestRoot .019 .358° 2.000 37.000 .701

a. Exact statistic

Design: Intercept+GROUP
Within Subjects Design: TIME



Tests of Within-Subjects Effects

Measure: MEASURE 1
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Type III Sum
Source of Squares df Mean Square F Sig.
TIME SphencityAssumed 110.956 2 55.478 1.310 .276

Greenhouse-Geisser 110.956 1.611 68.882 1.310 .273
F-Iuynh-Feldt 110.956 1.716 64.671 1.310 .274
Lower-bound 110.956 1.000 110.956 1.310 .260

TIME * GROUP Sphericity Assumed 45.369 2 22.684 .535 .588
Greenhouse-Geisser 45.369 1.611 28.165 .535 .550
Huynh-Feldt 45.369 1.716 26.443 .535 .561
Lower-bound 45.369 1.000 45.369 .535 .469

Error(TIME) Sphencity Assumed 3219.497 76 42.362
Greenhouse-Geisser 3219.497 61.211 52.597
Huynh-Feldt 3219.497 65.196 49.382
Lower-bound 3219.497 38.000 84.724

Tests of Within-Subjects Contrasts

Measure: MEASURE_i

Type III Sum
Source TIME of Squares df Mean Square F Sig.
TIME Linear 109.606 1 109.606 3.160 .083

Quadratic 1.350 1 1.350 .027 .870
TIME * GROUP Linear 9.856 1 9.856 .284 .597

Quadratic 35.512 1 35.512 .710 .405
Error(TIME) Linear 1318.235 38 34.690

Quadratic 1901.262 38 50.033

Levenes Test of Equality of Error Variance%

F dfl df2 Sig.
POSTBASE .333 1 38 .567
POST3 .871 1 38 .356
POST6 .001 1 38 .971

Tests the null hypothesis that the error variance of the dependent
variable is equal across groups.

a.

Design: lntercept+GROUP
Within Subjects Design: TIME

Tests of Between-Subjects Effects

Measure: MEASURE_i

Transformed Variable: Average

Type Ill Sum
Source of Squares df Mean Square F Sig.
Intercept 7404.594 i 7404.594 75.238 .000
GROUP 176.977 1 176.977 1.798 .188
Error 3739.789 38 98.415



221

Estimated Marginal Means
1. GROUP

Estimates

Measure: MEASURE_i

GROUP Mean Std. Error
95% Confidence Interval

Lower Bound Upper Bound
0 control

1= experimental
6.641

I 9.070

1.281

1.281

4.048

6.477

9.234

11.662

Pairwise Comparisons

Measure: MEASURE_i

Mean 95% Confidence Interval for
Difference Difference

Lower Bound Upper Bound(I) GROUP (J) GROUP (I-J) Std. Error S9.a
0= control 1= experimental -2.429 1.811 .188 -6.095 1.238
1= experimental 0= control 2.429 1.811 .188 -1.238 6.095

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni

Univariate Tests

Measure: MEASURE_i

Sum of
Squares df Mean Square F 51g.

Contrast 58.992 1 58.992 1.798 .188
Error 1246.596 38 32.805

The F tests the effect of GROUP. This test is based on the linearly independent
pairwise comparisons among the estimated marginal means.

2. TIME

Estimates

Measure: MEASURE_i

TIME Mean Std. Error
95% Confidence Interval

Lower Bound Upper Bound
1 6.610 1.046 4.492 8.727
2 8.005 1.339 5.296 10.715
3 8.951 1.301 6.317 11.585
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Pairwise Comparisons

Measure: MEASURE_i

Mean 95% Confidence Interval for
Difference Differencea

Lower Bound Upper Bound(I) TIME (J) TIME (l-J) Std. Error Sig.a

1 2 -1.396 1.213 .772 -4.434 1.643
3 -2.341 1.317 .250 -5.640 .958

2 1 1.396 1.213 .772 -1.643 4.434
3 -.945 1.774 1.000 -5.389 3.498

3 1 2.341 1.317 .250 -.958 5.640
2 .945 1.774 1.000 -3.498 5.389

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni.

Multivariate Tests

Value F Hypothesis df Error df Sig.
PiIIai's trace .104 2147a 2.000 37.000 .131
WiIks' lambda .896 2.l47 2.000 37.000 .131
Hotelling's trace .116 2.147a 2.000 37.000 .131
Roy's largest root .116 2.147a 2.000 37.000 .131

Each F tests the multivariate effect of TIME. These tests are based on the linearly
independent pairwise comparisons among the estimated marginal means.

a. Exact statistic

3. GROUP * TIME

Measure: MEASURE_i

95% Confidence Interval

Lower Bound Upper BoundGROUP TIME Mean Std. Error
0= control 1 5.429 1.479 2.434 8.424

2 6.022 1.893 2.189 9.854
3 8.472 1.840 4.747 12.197

1= experimental 1 7.791 1.479 4.796 10.785
2 9.989 1.893 6.157 13.821
3 9.429 1.840 5.705 13.154
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