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Abstract

We previoudly found a resistive static contraction of the pelvic depressors (RSCPD) using
the proprioceptive neuromuscular facilitation pattern in the mid-range of pelvic motion in
side-lying increase of the flexibility of remote body parts such as upper shoulder and elbow
joints without stretching. However, a few studies have provided the evidence of ascending
neurophysiological effects on remote parts induced by a static contraction of lower trunk
muscles, such as RSCPD. The purpose of the present study wasto find the neurophysiologi-
cal the time-cour se of the remote effect of a resistive static contraction of the RSCPD as the
lower trunk resistive exercise on the excitability of therelaxed flexor carpi radialis (FCR) H-
reflex. Subjects were randomly assigned to (1) the handgrip group (n = 6), who participated
in contralateral submaximal isometric handgrip exercises, or (2) the RSCPD group (n = 5),
who participated in the RSCPD group. A post-hoc analysis and a first-order polynomial
equation revealed that the contralateral effects of left handgrip exercises on the right FCR
H-reflex caused gradual inhibition during and after the handgrip exercises. In contrast, a
post-hoc analysis and a third-order polynomial equation suggested that the RSCPD induced
ascending effects on the FCR H-reflex which initially caused a reflexive inhibition during
RSCPD followed by a gradual excitation after the RSCPD. Remote rebound effects of the
FCR H-reflex by RSCPD may provide neurophysiological evidence of the indirect approach
for increasing flexibility of the treatment of extremitiesthat cannot be exercised directly be-
cause of pain or weakness.
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I ntroduction volvement in the previous voluntary activity aseanpte
post-activation effect on the upper extremity Rgwever,
To prevent a reduction in the number of functioning-  when direct approaches to improve the active rasfge
tor units and muscle atrophy, the indirect approacbf- ~ motion (AROM) and/or passive range of motion (PROM)
ten used by exercising the sound limb with resitaio ~ Of severely restricted joints are difficult due pain or
stimulate muscle activity in the affected limb tikannot weakness of the agonist muscles, indirect appreaate
be directly approached [1]. It has already beemshinat ~ useful in clinical practice. A resistive static t@ttion of
after a contraction of distal muscles, post-acivatef- the pelvic depressors (RSCPD) is known as the éntlir
fects can appear in proximal muscles without the inapproach to improve the movements of the wrist jie
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previously reported that the resistive static cactton of  grip group, we used a handgrip dynamometer to measu
the RSCPD using the proprioceptive neuromuscular fahe maximal grip strength of the left hand beftre $tatic
cilitation pattern[3] in the mid-range of pelvic ttan in  isometric grip was performed. Each subject was -posi
side-lying increase of the flexibility of remotedyoparts tioned in side lying and supported by cushions aids
such as upper shoulder and elbow joints withowtctr  pillows to prevent movements of the trunk and erire
ing [4,5]. With respect to the ascending neuropblggi- ties as shown in Fig.1. The exercise was then padgd
cal effects of RSCPD, we also found the remoteuatio by squeezing the handgrip dynamometer in the lkefidh
effects induced by RSCPD on the extensor digitoHim for 20 s at a 75% maximum voluntary contractiontbe
reflex initially caused reflexive inhibition durir@SCPD, RSCPD group, resistance was applied by a experanent
followed by a gradual excitation at rest [6]. Howevew  The experimenter stood behind the subject withdhis
studies have provided the neurophysiological exdidesf  bows locked in extension and placed his hands theer
effects on remote parts induced by a static cotira®f  subject’s upper ischial tuberosity. The experimerap-
lower trunk muscles, such as RSCPD. To determipe thplied manual resistance over the upper ischial ragiy
excitability of remote effects, we measured the @R in the direction of the medial sacral crest. Theatan of
reflex during and after RSCPD. We performed RSCBD aeach resistive exercise was 20 s. The amount istaase
the resistive exercise of the lower trunk to deteetin-  provided by the experimenter was between 2—3 kgsme
fluence of the relaxed FCR H-reflex, which is coesed ured by a pinch meter over the subject’s ischibétasity.

a major probe for a non-invasive study of sensaiemo Intrarater reliability was established for the #®rof the
integration and plasticity of the central nervoystesm in  RSCPD by intraclass correlation coefficients (IC@®)
humans [7]. When the amplitude of the H-reflexighhit 20 s at random points before the experiment. Thebik

is assumed that there is an increase level ofaianit of ity of resistance from 4 trials measured duringRSCPD
the motoneuronal pool and thus a greater contracifo was ensured by using a two-way analysis of variance

the muscle can be generated. (ANOVA) to derive the ICCs. The ICC of the valuetbé
force during the RSCPD was 0.95, which reflectsgh h

M aterials and M ethods reproducibility of resistance.

Relevance H-reflex stimulation

While in the side-lying position, each subject was
structed to keep the arm completely relaxed wisiheir
right shoulder at an angle of 90 degrees and hisitet
forearm immobilized in a cuff in a pronated positwith
wrist and fingers extended as shown in Fig.1. Wasne
ured the FCR H-reflex of the right upper extrenatying
each resistive exercise and at rest before and edieh

Subjects ] i i resistive exercise. During data collection, themsity of
Seven female and five male neurologically intadume  cimulation was constant in each subject. H-refles

teered subjects, aged 21-45 y (mean, 26.7 y; S@Nd3yeasyred with a Neuropackevoked potential measuring
deviation (SD), 1.7 y). Exclusion criteria also lirded system (model MEB9100, Nihon Kohden Corporation,
any injuries to the extremities or back within thst year Tokyo, Japan). We elicited H-reflexes in FCR muscie
that required medical attention. The protocol W@s a jng electrical stimulation of the median nervetie tubi-
proved by the Hiroshima University Higher Degreesy| fossa. The signal was amplified with a bandpiites
Committee for Ph.D. Research Proposals and was P&faving a passband of 20 Hz to 3 kHz using an el
formed according to the Declaration of Helsinki.eTh o\ oked potential measuring system (model MEB9100,

dominant upper extremity of each subject was testeqihon Kohden Corporation, Tokyo, Japan). The skisw
Dominance was determined by asking the subjectwhic

A k cleaned with alcohol, and the area was rubbedgestl
arm they preferred to use when writing his/her nafde ing skin preparation gel (Skinpure; Nihon Kohderr s
the subjects were right-hand dominant based orcthes

. X 3 ration, Tokyo, Japan) for removal of dirt, oil adéad
rion. Subjects were randomly assigned to one of gy to lower the impedance at the recording sits fe-
groups: handgrip group (n = 6), which took parttie 5, 0.5 1. Test stimuli were administered using a 1-ms
submaximal isometric handgrip exercise with the 'e,fpulse delivered through a pair of surface elecsqilaced
hand, or the RSCPD group (n = 5), which took part i 1 5 cm apart over the belly of the FCR, with théhode
RSCPD (One subject in the RSCPD group was excludgdcated proximal to the anode. EMG signals were re-
because of failure to induce a FCR H-reflex). corded from the FCR with standard nonpolarizable Ag
o _ AgCl surface disk electrodes. An electrical stinsulith
Resistive exercise protocol _ a rectangular pulse (1-ms duration) was delivergdab
Resistive exercises and all experiments were cdeduc stimulator at a frequency of 1 Hz. When the FCRefiex
with the subjects in the side-lying position. Foee hand-  jncreased markedly, demonstrating wrist flexionhwiio
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Application of RSCPD may be an effective approamh f
the indirect treatment of extremities that cannetelyer-
cised directly. Inhibition or facilitation of theGR H-
reflex by RSCPD will provide physiological evidenck
the remote effect of RSCPD.
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pure pronation or pure flexion of the fingers, &swvcon-
sidered to originate mainly from the FCR.

Experimental design

A small M-wave size was maintained throughout tke e
periment to ensure that no displacement of theusdition
electrode occurred and that the effects were net tdu
changes in a reflex recruitment gain during thenglils

ratio was also calculated in the same manner ad-the
ratio. The M-ratio was used as a parameter of ahamg
reflex recruitment gain across the experiments. Jduk-
to-peak amplitude of each H-reflex in condition-C1
served to determine the remote effect during easks+
tive exercise and remote after-effects after eadlistive
exercise. SPSS for Windows (version 12.0) was used
all analyses. A probability level of P < 0.05 wased to

gain. M-wave and H-reflex were obtained using 20determine statistical significance.

sweeps (20 repeated reflex responses) every 20aH in
conditions (condition-C2~-C8) while stimulation oemt
was concurrently measured for all experimentalstrigor
each reflex recorded in this study, repeated Hexe# and
M-waves (1 Hz) were sequentially elicited in a rath-
out interval for a period of 220 s. The period 80% was
divided into 8 conditions (condition-C4condition-C8).
Condition-C1 (four trials; 80 s) represented thagghof
rest; condition-C2 (20 s) the phase of each resigtker-
cise; conditions-C3 (20 s) ,-C4 (20 s) ,-C5 (20-Gp (20
s) ,-C7 (20 s) and -C8 (20 s) represented theptesse
after each resistive exercise as shown in Figh2.imten-
sity of median nerve to induce H-reflexes with dniéd
waves was determined in condition-C1, and thigaihit
stimulus intensity was held constant for each slger-
ing all of the experimental trials [8]. By repeafithe ex-
perimental at several stimulus intensities andgiie M-
wave as a measure of the effective stimulus stheridst
reflexes occurring at various phases could be cosadpat
equal stimulus intensities [8]. We determined tteady
intensity of stimuli necessary to elicit a largerédlex
with a small M-wave in each subject prior to regest
exercise.

Parameter of excitability

For comparison, each H-reflex amplitude during after

each resistive exercise (conditions-€2C8) were nor-
malized to the corresponding H-reflexes recordecoim-

dition-C1 to reduce inter-subject variability. Thiatio,

indicating the relative size of the H-reflex amydie, was
used as a parameter of motoneuron excitability. Mhe

Results

The mean (xSD) stimulus intensity was 4.1 (x1.5) mA
(range, 2.0-6.3 mA) for all subjects, 3.8 (x1.6) (n@nge,
2.0-6.3 mA) for the RSCPD group, and 4.5 (£1.4) mA
(range, 2.1-5.4 mA) for the handgrip group. No gign
cant difference in the mean strength of stimulupiired

to induce the H-reflex and M-wave was observed betw
the two groups by using the unpaired t-test.

Both H-reflex and M-wave latency were consisterthimi
subjects in this study. The mean H-reflex latent3)

was 22.7 (x0.4) ms (range, 20.5—27.0 ms) forudiexcts,
22.1 (£0.8) ms (range, 20.5—22.8 ms) for the RSCPD
group, and 23.3 (x2.4) ms (range, 20.7-27.0 ms}Her
handgrip group. The mean M-wave latency( £SD) wéas 5
(x2.2) ms (range, 2.8-8.6 ms) for all subjects, (450)

ms (range, 2.8-8.5 ms) for the RSCPD group, and 5.5
(x2.4) ms (range, 3.6-8.6 ms) for the handgrip grou
Subjects exhibited remarkable consistency ovestria

The non-significant differences between the twaigso
for the mean stimulus intensity and the high repaoituil-
ity of the M-waves across the experiments sugdpastH-
reflexes were elicited with stable M-waves, anddf@e
that a constant number of motor nerve fibers, hnd ta
afferents, were excited by the test stimuli. Thesailts
suggested that no change in reflex recruitment getioss
the experiment was observe

Table 1.. Means *standard deviations of both the M-ratimdd-ratio

Mean Sandard Deviation of the M-ratio

C2 C3 C4 C5 C6 Cc7 C8
Handgrip 0.9640.09 0.9240.07 0.9610.06 1.0040.08 0.84+0.07 0.9640.09 0.94+0.05
RSCPD 0.9340.12 1.0740.13 0.9840.12 0.98 #0.08 1.0240.06 1.1340.12 1.1840.13
Mean Sandard Deviation of H-ratio
Handgrip 1.0740.11 0.9640.04 .9340.06 0.92+40.08 1.0740.11 0.9040.08 ..9440.10
RSCPD 0.5740.13 1.1740.13 1.4340.18 0.9640.025 1.5810.25 1.5840.25 1.6440.23

The unpaired t-test revealed that no significaffiedinces Table 1 shows the mean M-ratios = SD. Two-way re-
between the two groups in the mean stimulus intgnsi peated ANOVA showed no effect of time or group on M

latency of H-reflexes and M-waves for all condigpand
amplitude of H-reflexes and M-waves in condition-C1
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ratio. To ascertain the consistency of the pegbetak M-
wave amplitudes across the 12 trials measured ¢h ea
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subject over the course of the experiment, religbivas
tested by assessing the ICCs. ICC (1,7) analysithef
FCR M-wave amplitude indicated a high degree of-con
sistency across experimental conditions (all subjd€C
(1,7) = 0.98; handgrip group, ICC (1,7)= 0.94; and
RSCPD group, ICC = 0.99). The two-way repeated
measures ANOVA showed no effect of time or group or
the M-ratio (group; F (1,4)=1.83; time course; FB@&=
0.93).

s0pV

0ms
a) Amaximal Moale with a
small H-reflex

Condition-C2

EMG Amplitude (pV)

Condition"C3

Table 1 shows the mean H-ratios + SD. To asseisbiel
measures for the FCR H-reflexes (peak-to-peak ampl
tude), 4 trials in condition-C1 were analyzed usarigvo- ContiEion?
way analysis of variance (ANOVA) to derive the ICCs  |...... N e, - N Conditioncs
The ICC (1,4) was 0.99 for the FCR H-reflexes, Whic ' r i 3

indicated a high degree of consistency in condi@dn Timo(ma) =

A two-way repeated ANOVA for the H-ratio showedttha

the time-course produced a main effect, but ndosthe ) ) )

group (group: F (1,4) =0.23: F (6,24) = 13.52, §.601). Flgu_re 2. A maximal M—\_Nave with a small H-reflex was
The interaction between group and time course wgs a obtained (a). The amplitude of the FCR H-reflex was
significant for the H-ratios (F (6,24) =8.13, p <001). maintained between 5-20% _of the maximum direct moto
Post-hoc tests using a Bonferroni analysis reveaigd eSponse (Mmax) in condition-C1. For each reflex re
nificant differences in the RSCPD group over timiae  corded in this study, repeated H-reflexes and Mesail
H-ratio in condition-C2 during the RSCPD was signif Hz) were sequentially elicited in a row withoutenial

cantly reduced compared with the H-ratio in cooditC4  for @ period of 220 s. The period of 220 s wasdigliinto
as shown in Fig. 3. 8 conditions (condition-Ct-condition-C8). Condition-

C1 (four trials; 80 s) represented the phase at;reon-

dition-C2 the phase of each resistive exerciseditimms-

C3,-C4,-C5,-C6,-C7 and -C8 (20 s each) represeiited
rest phase after each resistive exercise

Condition"C4
Condition*C5

Condition*C6

The relationship between the H-ratio and the timmerse
in the handgrip group was best fitted by a singbeo
polynomial equation (y = -0.03x + 1.08, p < 0.0bhe
M-wave showed a significant but very weak negative *
trend. In contrast, the relationship between thatit and *
the time course was best fitted by a third-orddymm
mial equation (y = 1.71x3 - 0.30x2 + 0.02x - 1.80<
0.01).

-
=
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=
Phop ot

2
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1.3
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0

C2 C3 C4 C5 C6 C7 C8
Time-course

Figure 3.Time course of the H-ratio. Remote ascending
Figure 1. FCR H-reflexes measured in the dominant han@ffects of a resistive static contraction of thévisede-
The elastic bandage held the wrist in the neutcsifion ~ Pressors (RSCPD) on the FCR H-reflex which inyiall
with forearm pronation to induce the right FCR H- caused a reflexive inhibition during RSCPD follovida

reflexes and M-waves without voluntary contractiafis 9radual excitation after the RSCPD. Data are given
the right FCR while in the side-lying position means#he standard error; p < 0.05 (indicated by *)
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Discussion

While the results of the repeated ANOVA suggested t

the effect of a preceding submaximal voluntary caoi
tion of the contralateral handgrip did not caussgaifi-
cant change, a gradual weak inhibitory remote effec

may reflect increased motor unit recruitment anbdssu
quently improve upper extremity AROM. Remote re-
bound effects of the FCR H-reflex by RSCPD may pro-
vide the neurophysiological evidence of the indirec
treatment of extremities that cannot be exerciseztily

in patients with severely restricted joint or painfnove-
ments.

the contralateral FCR H-reflex in the present stuas
noted by the single-order equation as well as bystileus

H-reflex [9]. On the other hand, the post-hoc asisland References
a significant third-order polynomial equation susfgenat
the RSCPD-induced ascending remote effects on thge  arai M.. Shimizu H.. Shimizu M E.. Tanaka Y. Yanagi

FCR H-reflex cause an initial reflexive inhibitigghase
during the RSCPD and a subsequent gradual faoifjitat
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