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Abstract

The objective of this study was to compare the effects of resistive static contraction of the pelvic depressor
(RSCPD) with different direction—strength combinations on the H-reflex of the ipsilateral soleus. The participants
were 16 normal subjects with a mean (SD) age of 21.6 (0.8) years. The subjects performed RSCPD under four
distinct direction—strength combinations (straight-weak, straight-strong, diagonal-weak, and diagonal-strong) in a
random order. Three-way analysis of variance of the H/Mmax ratio and Scheffé's post-hoc test revealed that the
RSCPD caused an initial reflexive facilitatory phase on the H-reflex of the soleus during RSCPD followed by
subsequent gradual inhibitory phases after completion of the RSCPD, excluding the interval 80-100 s after RSCPD.
Compared with diagonal-weak RSCPD, neutral-strong RSCPD also significantly influenced the facilitatory effects on
the H-reflex of the soleus, reflecting facilitation of the reflex excitability of the motor neurons.

Keywords: PNF; Remote aftereffect; Active range of motion;
Resistive static contraction; Pelvic depressors; H-reflex

Introduction

Where it can be difficult to use direct approaches to improve the
active and passive range of motion of severely restricted joints (AROM
and PROM, respectively) because of pain or weakness of the agonist
muscle, indirect approaches can be useful in clinical practice.
Contractions are not restricted to the target muscle, and thus, activities
occur in both the ipsilateral and contralateral (non-target) muscles
during strong unilateral contraction [1].

When direct approaches attempting to improve the maximal AROM
and strengthen the agonist muscles of restricted joints become difficult,
due to pain or weakness of the agonist or antagonist muscles, indirect
neurorehabilitation therapy, including specific static contractions
(SCs), can be useful in improving function [2].

Facilitation of trunk control can also be used to influence the
extremities [3]. PNF is one technique that can be used during
treatment, which involves manual resistance to direct pelvic motion of
the posterior depressors [3].

As an indirect approach, resistive static contraction of the posterior
depressors (RSCPD) using a PNF pattern in the mid-range of pelvic
motion, to induce unilateral resistive SC of the lower trunk muscles
while side-lying, increases the flexibility of remote joints, such as the
upper shoulder and knee, without stretching as remote aftereffect [4].

The neurophysiological remote ascending effects of RSCPD on the
H-reflex of the flexor carpi radialis result in reflexive inhibition during
RSCPD, followed by gradual excitation after completion of the RSCPD
(5].

The impact of resistive exercise on remote joints depends on both
the degree of strength and the position during SC, as reported
previously in our study of the upper extremities [2]. RSCPD has also
been reported to exhibit remote ascending effects leading to
improvement of the hand-behind-back range of motion in patients
with rotator cuff tears [6] and improving the range of motion in
patients with restricted wrist flexion range of motion [2]. As a
descending remote effect, RSCPD significantly improved the AROM
and PROM of knee extension in patients with orthopedic diseases
compared with that by sustained stretch of knee flexors [4,7].

In addition to the degree of activity of the strength of force, the
direction of force during RSCPD may determine indirect
neurophysiological remote descending effects of RSCPD.

However, the descending neurophysiological effects of both the
strength and direction of force during RSCPD are unknown.

The amplitude of the H reflex provides a fairly good estimate of the
strength of the reflexly recruited motor units [8]. RSCPD-induced
inhibition or facilitation of the H-reflex of the soleus provides
supporting evidence of the descending neurophysiological effects of
RSCPD.

Therefore, the objective of this study was to compare the effects of
different unilateral RSCPD types, i.., distinct direction-strength
combinations, on the H-reflex of the ipsilateral soleus leading to
descending neurophysiological effects.

Relevance

The application of a specific type of RSCPD may be effective in the
indirect treatment of the ipsilateral lower extremity, which cannot be
exercised directly. Inhibition or facilitation of the H-reflex of the soleus
by a specific type of RSCPD will provide evidence supporting the
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induction of descending neurophysiological effects in the ipsilateral
lower extremity.

Methods

Participants

Nine female and seven male subjects, aged 20-23 years (mean, 21.6;
standard deviation (SD), 0.8 years) with no history of neurological
illness, volunteered to participate in this study. The subjects were
volunteer students of University in Tokyo Metropolitan University in
Japan. They have no training in the pelvic elevation and depression.
The exclusion criteria included injuries to the extremities or back that
required medical attention within the last year. All subjects signed
informed consent forms that were approved by the Ethics Committee
of Tokyo Metropolitan University, prior to enrolment in this study.

Each subject was asked to identify their preferred hand for writing,
in order to determine their dominant upper extremity. Based on this
criterion, all subjects were right-handed.

They have no training in the pelvic elevation and depression.

Experimental design

Four different RSCPD types featuring different force directions
(straight and diagonal), as shown in Figure 1, and resistant levels (10%
of the maximal voluntary contraction (MNC), weak; 20% of MVC,
strong) were randomly performed by each subject.

The MVC strength of the RSCPD force was measured using a hand-
held dynamometer (Mobie MT-100, SAKAI Medical Co., Ltd., Tokyo,
Japan).

The effect of order was controlled by randomly assigning numbers
to each subject from a random number table, in order to determine the
order of each of the RSCPD conditions i.., the direction-strength
combinations (straight-weak, straight-strong, diagonal-weak, and
diagonal-strong). Each exercise was performed for 20 s.

The following verbal exercise cues were used: (1) when measuring
the maximal force, “Push the plate of the dynamometer as much as you
can” and (2) when performing the RSCPD exercise protocol, “Please
keep your position and pelvic steady”

Subjects laid on their left side with both legs flexed in left side-lying
position and maintained their body segments against the traction
force.

Each subject was sufficiently well-trained in the SC methods prior
to the start of the study, so that they would be able to perform each
activity independently. Each exercise was performed for 20s, with a
resting period between exercises.

Two types of resistive SC exercises that also lasted for 20 s were
performed by each subject.

During each exercise, subjects were positioned in a left side-lying
position on the bed, with their hips and knees flexed at 60°. Both arms
of each subject were straightened in front at shoulder height.

Each exercise was performed during the measurement of upper
(right) soleus H-waves in the side-lying position with both legs flexed.

A corset with attachments for a cable that were connected to a
pulling ring, to which the cable may be attached, were used to pull
from the pelvis to apply the weight of the load. Each subject actively

resisted the traction force applied by the corset acting diagonally or
straight upward without movement to induce SC of the lower trunk
muscles. The traction force line of the straight direction was from the
upper (right) greater trochanter to the upper acromion process.

The traction force line of the diagonal direction was 30" against the
straight line passing through the right ischial tuberosity.

The subjects maintained their lower trunk against the traction force.

H-reflex stimulation

The peak-to-peak amplitude and latencies were measured from the
onset of stimulation to the initial positive deflection of the evoked H-
reflex and M-wave. For comparisons, the amplitude ratio of H/Mmax
was calculated.

The H-reflex of the upper (right) soleus was measured at rest,
during and after each resistive exercise. The soleus H- reflex was
evoked by stimulating the posterior tibial nerve via a monopolar
electrode (1-ms rectangular pulse) in the popliteal fossa using a
constant-current stimulator (Neuropack u MEB9100, Nihon Kohden
Corp., Tokyo, Japan).

H-reflexes with small M-waves were elicited below the cubital fossa
over the belly of the soleus.

The signal was amplified with a bandpass filter, with a passband of
20 Hz to 3 kHz, using the evoked potential measuring system. Skin
care was maintained to ensure that the impedance was less than 2 kQ
at the recording site.

The soleus H- reflex was elicited via the stimulation of the tibial
nerve using an AgCl cathode in the popliteal fossa and a 9-mm
diameter anode placed over the lateral malleolus. Electromyographic
signals were recorded from the soleus with standard nonpolarizable
Ag-AgCl surface disk electrodes (outer diameter, 9 mm). Electrical
stimuli, with a rectangular pulse (1-ms duration), were delivered at 1
Hz using a stimulator. The current was increased from 0 in 0.1-mA
increments until the maximal amplitude of the H-reflex with a small
M-wave was obtained. When the H-reflex markedly increased,
demonstrating ankle plantar flexion with no pure eversion or eversion,
it was considered to mainly originate from the soleus.

The number of additional motoneurons recruited by a constant
excitatory conditioning stimulus in a monosynaptic test reflex has been
reported to be highly dependent on the size of the test reflex itself
(Crone, 1990). The M-wave size was maintained throughout the
experiment at approximately 4%-8% of the Mmax (maximal M-wave
amplitude) in order to ensure that displacement of the stimulation
electrode did not occur, and that reflex recruitment gain during the
stimulus did not contribute to the observed effects [9,10].

Parameters

H-reflexes and M-waves (1 Hz) were elicited sequentially without
interruption for 320 s. The 320 s study duration was divided into 13
conditions (condition C1, 80 s; conditions C2-C13, 20 s each. C1 (four
20 s trials) represented the resting phase, C2 represented the resistive
exercise phase, and C3-Cl13 represented the resting phases after the
resistive exercise, as shown in Figures 1 and 2. The intensity of the
induction of H-reflexes with small M-waves via the tibial nerve was
determined in Cl. The initial stimulus intensity was maintained
constant for each subject throughout all of the subsequent
experimental trials.
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Figure 2: Time-course (thirteen conditions: condition C1-C13).
Condition C1 represents the rest phase, condition C2 represents the
phase of each resistive exercise, and conditions C3-C13 represent
the rest phase after each resistive exercise.

Parameter of excitability

The H-reflex amplitude during and after each resistive exercise (C1-
C13) was standardized to the corresponding Mmax H-reflex (the H/
Mmax ratio).

Statistical analysis

All statistical analyses were performed using SPSS ver. 21.0 for
Windows (IBM Corp., Somers, NY).

The three-way analysis of variance (ANOVA) for the H/Mmax ratio
with Scheffé’s post-hoc tests was used to determine the effects of
individuals, time course (thirteen conditions: conditions C1-C13), and
RSCPD type (four levels; straight-weak, straight-strong, diagonal-
weak, and diagonal-strong). P-values < 0.05 were considered
significant.

Results

To assess the reliability of the measures of the H-reflexes of the
soleus (peak-to-peak amplitude), three trials were conducted under C1
and analyzed using ANOVA, in order to derive the interclass
coefficients (ICCs). The ICC [1,3] was 0.98 for the H-reflexes of the
soleus, which indicated a significant degree of consistency in C1.

The means and SDs of the H/Mmax ratio for different time courses
are presented in Table 1.
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Time course Mean SD
C1 0.42 0.38
Cc2 0.52 0.53
AN c3 0.42 0.4
Traction rope
Acromion Cc4 0.39 0.35
TASIS c5 0.38 0.34
Ischial Tuberosity —
VA AN ce 0.38 0.34
Direction of traction \*\f,/ }VJ// |T
J c7 0.44 0.47
L Direction of traction
C8 0.41 0.39
Figure 1: Diagonal vs. straight direction. Static contraction was
induced to maintain and hold the pelvis against an external load in co 0.42 0.4
the side-lying position ((a) diagonal direction and (b) straight c10 0.41 0.38
direction). The subjects maintained the lower trunk against the
traction force. c11 0.41 0.39
C12 0.4 0.39
C13 0.41 0.38
conditions-C3~-13(20 s each)
conditionC2{ 20| B
1 1 | ' .( ' | | | | | | 1 | L Condition C1 represents the rest phase, condition C2 represents the phase of
L T T T T each resistive exercise, and conditions C3—-C13 represent the rest phase after
€41 €12 €13 ¢z 3 C4 € €6 €7 €3 Cl10 Cl1 €12 €13 L !
- — each resistive exercise.
Riest {eondition-Clithree trials; 60s))

Table 1: Means and standard deviations of the H/Mmax ratio of each
time course

RSCPD Mean SD
diagonal-weak 0.4 0.37
straight-weak 0.42 0.4
diagonal-strong 0.42 0.39
straight-strong 0.44 0.42

Table 2: Means and standard deviations of the H/Mmax ratio of each
direction-strength combination.

The means and SDs of the H/Mmax ratio of each direction-strength
combination are presented in Table 2.

The three-way ANOVA revealed significant main effects of
direction-strength combinations [F (3,765) = 4.47, P = 0.00], time
course [F (12,765) = 6.63, P = 0.00], individuals [F (15,765) = 624.75, P
=0.00, partial eta squared = 0.93; observed power=1.00], no significant
interactions between time course and direction-strength combinations
[F (36,765) = 0.59, P = 0.97].

The results of three-way ANOVA suggested that RSCPD-induced
descending neurophysiological effects on the H-reflex of the soleus
depend on both the direction-strength combinations of RSCPD and
the time course, but no significant relationship was noted between the
direction-strength combinations of RSCPDs and time course because
of non-significant interactions.

Post-hoc comparisons of the time course effects indicated that the
H/Mmax ratio under C2 (during RSCPD) was significantly greater
than that during the other phases, with the exception of excluding C7
(Table 1, Figures 3 and 4). In addition, neutral-strong RSCPD elicited
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significant facilitatory effects on the H-reflex of the soleus compared
with those produced by diagonal-weak RSCPD (Table 2 and Figure 3).

HfMmax
e o
o

T —1

straight-strong  diagonal-weak diagonal-strong
RSCPD

straight-weak

Figure 3: Post-hoc comparisons of the effects of direction-strength
combinations. Significant facilitation following straight-strong
resistive static contraction of the pelvic depressors (RSCPD) was
found compared with diagonal-weak RSCPD.

15
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Figure 4: Post-hoc comparisons for of the effects of time course.
Post-hoc comparisons of the effects of time course indicated that
the H/Mmax ratio under C2 was significantly larger than during the
other phases excluding C7. Condition C1 represents the rest phase,
condition C2 represents the phase of each resistive exercise, and
conditions C3-Cl13 represent the rest phase after each resistive
exercise.

Discussion

Post-hoc comparisons of the effects of time course indicated that the
H/Mmax ratio under C2 (during RSCPD) was significantly larger than
that during the other rest phases excluding C7 (the 80-100 s phase
after RSCPD), indicating a temporary facilitatory effect after the
inhibitory effects following RSCPD. While the ascending remote
rebound-effects on the FCR H-reflex induced by RSCPD elicited an
initial reflexive inhibitory phase during RSCPD, followed by a gradual
facilitatory phase after RSCPD [6], the RSCPD on the H-reflex of the
soleus elicited an initial reflexive facilitatory phase during RSCPD
followed by gradual inhibitory phases after RSCPD, excluding C7.

After a vigorous session of concentric-eccentric triceps surae
exercise, as a direct approach (eight sets of 10 repetitions), the
amplitudes of the soleus and lateral gastrocnemius H-reflexes were
attenuated for 10-60 s [11]. When the plantar flexors were active at
10% of the MVC as a direct approach, the H/Mmax ratio also

decreased significantly and only returned to baseline levels after 1 min
[12]. The reduction in H/Mmax was further attenuated and was more
pronounced in the lateral gastrocnemius compared with the soleus
muscle [12].

In contrast to the direct approach, the indirect approach employed
in this study revealed that significant inhibition occurred immediately
after RSCPD, and the values gradually returned to baseline levels, after
which a temporary facilitatory phase under C7, and a subsequent
inhibitory phase from C8 to C13 were observed (Figure 4).

Neutral-strong RSCPD influences the facilitatory effects on the H-
reflex of the soleus, reflecting the facilitation of the reflex excitability of
the motor neurons compared with diagonal-weak RSCPD. The straight
line from the upper (right) ischial tuberosity of the pelvis to the lower
acromion process in this study was equivalent to the lines in our
previous methods of RSCPD [2,5,6].

Conversely, diagonal-weak RSCPD produced significant inhibitory
effects on the H-reflex of the soleus compared with the neutral-strong
RSCPD.

The descending neurophysiological effects of RSCPD on the H-
reflex of the soleus included movement direction and load-dependent
activity. The induction of descending neurophysiological effects for
facilitation or inhibition requires the consideration of the force
direction and resistance level.

It was suggested that there is a central interaction between load-
related afferent input from the periphery and descending signals [13].
Elucidating load-dependent adaptations in monopedal stance, an
increase in loading revealed a significant increase in the H/Mmax
ratio; thereby, a reduction of the loading level led to a decrease of the
H/Mmax ratio [14]. These receptor signals might arise from Golgi
tendon organs and be conducted via type Ib afferents to the spinal
locomotor generator [13], indicating that the strength of SCs of the
lower trunk muscles, such as RSCPD, may influence the muscles of the
lower extremity via Ib afferents.

The increase of the amplitude of the soleus H-reflex as a descending
neurophysiological effect during RSCPD may also reflect increased
motor unit response and underlie enhanced muscle contractility [9],
which leads to improved AROM of the lower extremities. A decrease of
the amplitude of the soleus H-reflex following RSCPD may also reduce
muscle compliance leading to improvement in the PROM of the lower
extremities. If the objective of the therapy is to increase PROM, weak-
diagonal RSCPD may be an efficient method for inducing inhibition.
Conversely, if the aim of the therapy was to increase AROM, strong-
straight RSCPD may be an efficient method for inducing facilitation.

As to remote descending effects, remote descending facilitation of
the quadriceps motor nucleus was induced following voluntary
contraction of the upper limb muscles (wrist extensors) as a Jendrassik
maneuver (JM) [15]. JM effects should not be limited to the
monosynaptic reflex pathway but extend to the entire response elicited
in the stretched muscle [16].

JM operates by gating a long loop, possibly transcortical pathway
[16]. RSCPD may be also influenced by brain activities. Further
research is needed to identify the neurophysiological remote
aftereffects of the RSCPD. The central nervous system plays a
prominent role in muscle stiffness [17]. Establishing the evidence base
for identifying efficient methods for improving ROM of the remote
joints requires further investigation using modalities such as fMRI.
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