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Abstract

Resistive static contraction facilitation technique applied by manual resistance using a pro-
prioceptive neuromuscular facilitation patternin the mid-range pelvic posterior depression
technique(RSCPDT) or anterior elevation technique (RSCAET) with the subject on the af-
fected side produces greater increase in range of motion of remote parts.However, few stud-
ies have providedevidences for neurophysiological remote effectsof resistive static exercise
that consider the direction of resistance force. The purpose of this study was to clarify
therebound effects of RSCPDT on the time-cour se of excitability of the flexor carpi radialis
(FCR) H-reflex in comparison withRSCAET as an opposite direction of resistance force. Six
healthy subjects were randomly assigned two groups. the RSCPDT (n = 3)andRSCAET
group (n = 3) groups. Repeated FCR H-reflexes with small M-waves (1 Hz) were sequen-
tially elicited in a row without interval for a period of 220 s. The repeated ANOVA revealed
thatneurophysiologicalrebound effects induced by RSCPDT on the FCR H-reflex causea
significant initial inhibition phase during RSCPDT and a significant subsequent facilitatory
phase after RSCPDTwhen compared toRSCAET. We named those phenomena as remote
rebound effects (RRE).These results suggest that the neurophysiological RREof resistive
static contractionof pelvic muscles on the FCR H-reflex may depend on the direction of re-
sistance.The RSCPDTis a specific resistive exercise to induce RRE.
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gested that the neurophysiological effectsof eger@n
remote parts depend on the direction of move-
ment[6,7].The neurophysiologicalrebound effectshsas

I ntroduction

Resistive static contraction facilitation technicagplied ' -

lar facilitation pattern[1]in the mid-range pelhposterior ~reflexes with plantar flexion and dorsiflexion, pestively,
depression technique (RSCPDT) or anterior elevatiof’® observed during voluntary foot oscillations,, [6]

technique (RSCAET) with the subject on the affecie ~Whereas the opposite effects are observed whefotae
produces greater increase in active range of motiod™ iS held in supination [7]. Specific exerciseaynfa-

(AROM) and passive range of motion of remote part§ilitate the linkages between the arm and foot. i,
such as upper shoulder and elbow joint than passive there are few studies to determine the linkagew/d®i

static stretching methods in the patients with qpedic e arm and trunk. In addition,few studies havevioko

impairments [2, 3] and in the patients with stroletients
[4]. Ourprevious study also showed that the renifetee
sof a static contraction by strong pinch force commb
with the diagonal position of the shoulder jointbe im-
provement of the wrist joint AROMwas significanthr-
ger compared with therebound effects of neutraltipos

edevidencesfor neurophysiological rebound effectsef
sistive static contractionthat consider thedirectd resis-
tance force.The purpose of this study was to glahf
neurophysiologicalrebound effectsofRSCPDT on

time-course of excitability of the remoteFCR H-eflin
comparison with a resistive static contraction loé t

the

combined with a weak pinchin normal subjects [5&Th pelvic elevators technique (RSCAET) as an opposite

after effectsof resistive exercise on the remotgspaay
dependent not only on degree of strength but afsthe
position during static exercise. Previous studegehsug-
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direction of resistance force.

Since H-reflex is difficult to measure in the wrist-
tensors or extensor digitorum, we selected the lfigh
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reliableFCRH-reflex[8] as an indicator of neurophys reflex of the right upper extremity in side-lyinggition
ological rebound effects.We performed each resstivduring each resistive exercise and at rest befodeadter

static contraction facilitation technique to detdw in-

fluence of the relaxed FCR H-reflex, which provides

gross measure of motoneuron pool excitability [Bihe
amplitude of the H-reflex is high, it is assumedittthere
is an increase level of excitation of the motoneafo
pool and vice versa.

Subjectsand Methods

Six subjects, aged 21-31 y (mean, 26.3 y; standievi-
tion (SD), 3.9 y) and with no history of neurologjidll-
ness, volunteered for this study. Exclusion critegsilso
included any injury to the extremities or back witlthe
last year that required medical attention. All ggvants
gave their written informed consent. This study \pes
formed in compliance with the revised declaratibiel-
sinki.

each resistive exercise. The H-reflexes were medsur
with an evoked potential measuring system (model
MEB9100, Nihon Kohden Corp, Tokyo, Japan). We elic-
ited H-reflexes in the FCR muscle using electritahu-
lation of the median nerve in the cubital fossackb-
myograpic (EMG) responses were recorded from right
FCR muscles using surface electrodes recording from
bipolar surface electrodes over the muscle belg 3kin
was cleaned with alcohol, and the area was rubbatlyg
using skin preparation gel (Skinpure; Nihon Kohden
Corp., Tokyo, Japan) for removal of dirt, oil arebd skin

to lower the impedance at the recording site wdswbe
0.5 kKQ. Test stimuli were administered using a 1-ms pulse
delivered through a pair of surface electrodesequlat.5

cm apart over the belly of the FCR, with the cathtmt
cated proximal to the anode. EMG signals were chambr
from the FCR with standard nonpolarizable Ag-Ag-s

Dominance was determined by asking the subjectiwhicface disk electrodes (outer diameter 9 mm). Antedzd

arm they preferred to use when writing a name.tiadl

stimulus with a rectangular pulse (1-ms duratiogsw

subjects were right-hand dominant based on thie-cri delivered by a stimulator at a frequency of 1 Hzmall
rion.Subjects were randomly assigned to one of twl-wave size was maintained throughout the experimen

groups: RSCPDT group (n =

3), which took part into ensure that no displacement of the stimulatitee-e

RSCPDT, or RSCAET group (n = 3) which took part introde occurred and that the effects were not due to

RSCAET.

Resistive exercise protocol
Each resistive exercise was induced by manualtaesis

changes in a reflex recruitment gain during thenstiis
gain.

applied byanexperimenter, while other movementhef t EXPerimental design

trunk and extremities was prevented. The experieren

stood behind the patient with his elbows locke@xten-
sion and placed his hands over the subject’s uigpkral
tuberosity while in side-lying position in the RSTP

group.Manual resistance was directed toward theoac

iac joint (SIJ) over the upper ischial tuberosity the

t M-wave and H-reflex were obtained using 20 sweéps (

repeated reflex responses) every 20 s in all comdit
(conditions-C2~-C8) while stimulation current was con-
currently measured for all experimental trials lagven in
Fig. 1. We determined the steady intensity of skimeic-
essary to elicit a large H-reflex with a small Mwegain

RSCPDT group. In the RSCAET group, the experimente@ach subject prior to resistive exercise in coodC1.

stood behind the patient and placed his hands theer

anterior superior iliac spine (ASIS) while in sily&g
position. Manual resistance was directed towardShke

Repeated H-reflexes and M-waves (1 Hz) were sequen-
tially elicited in a row without interval for a ged of 220
s. The period of 220 s was divided into 8 condgi¢con-

over the ASISin theRSCAET group.The amount of resisditions-C1(80 s): conditions-C2-C8 (20 s each)). Con-

tance provided by the experimenter was betweerkgH3
each resistive exercise. The duration of eachthesiex-
ercise was 20 s in each resistive exercise.

Verbal exercise cues were limited to the followifd). for

ditions-C1 (four trials; 80 s) represented the phafsrest;
conditions-C2 (20s) the phase of each resistivecese
conditions-C3, -C4, -C5, -C6, -C7, -C8 (20 s eaelpye-
sented the rest phase after each resistive exeasse

RSCPDT orRSCAET protocol, " keep your pelvic steadyshown in Fig. 1. The intensity of median nervertduce

during exercise as possible as you can. Do not njoue
body during exercise and relax after exercise".

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 hisitlet
forearm immobilized in a cuff in a pronated positiwith
wrist and fingers extended. During and after easistive
exercise, the subject maintained the side-lyingtiposon
their side in a dark, quiet room. We measured (BB H-
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H-reflexes with small M-waves was determined indien
tions-C1, and this initial stimulus intensity wasld con-
stant for each subject during all of the experiraktrtals
[10].By repeating the experiment at several stirmuhu
tensities and using the M-wave as a measure céffhe-
tive stimulus strength, H-reflexes occurring ativas
phases could be compared at equal stimulus inessit
[10].

Parameter of excitability
For comparison, each H-reflex amplitude during afidr
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each resistive exercise (conditions<€Z8) was normal- sented the phase of rest; conditions-C2 the phiasaah
ized to the corresponding H-reflex recorded in dimas- ~ resistive exercise; conditions-C3,-C4,-C5,-C6,-Gd a
Cl to reduce inter-subject variability. —ThisH- C8 (20 s each) represented the rest phase afteresis-
ratioindicating the relative size of the H-reflexplitude, tive exercise

was used as a parameter of motoneuron excitabilitg.

peak-to-peak amplitude of each H-reflex in cond#i€C1 on the group factor.Post-hoc tests using a Bonierro
served to determine the neurophysiological reboefd analysis revealed that the H-ratioin conditionsdC@ing

fectsof each resistive exercise. RSCPDT was significantly reduced as compared wathth
H-ratio inall conditions during and after RSCAET as
Data analysis shown in Table 1. In contrast, the H-ratioin botndie

tions-C7 and -C8 after RSCPDT was significantly en-
1. A probability level of P < 0.05 was used to detereni hancedas compared withthat in all conditions duand

statistical significance. after RSCAETas shown in Table 1.
2. The reliability of H-reflex was ensured by calcirlgt
the reliability of peak-to-peak H-reflex ratiosspec- 18 -
tively, from 4 trials measured in conditions-C1(#ig 16 -
C1-1,C1-2,C1-3 and C1-4) using two-way analysis of 14 L T T
variance (ANOVA) to derive ICCs. 12 -

et |

3. Two-way repeated ANOVA was used to determine the

time-course effects, group effects and interactioms % 08 |

tween the time-course and group with regard to theH| = . | —6— RSCAET
ratio. We used Bonferroni post-hoc analysis to dete oa - T RSCPDT
mine whether statistically significant differendaghe 02 | 1

H-ratio occurred over time (conditions-&2C8).

c2 c3 ca C5 Cé6 Cc7 Cc8
conditions

Results

The ICC(1,4) was 0.97 for the FCR H-reflexes whichFigure 2. The time-course of the remote rebound effects

indicated a high degree of consistency in condition ON the FCR H-ratio.

C1.The time-course of the H-ratio is shown in Fgr A ) ) ]

two-way repeated ANOVA showed that the time-coursel "€ neurophysiological effects induced byRSCPDT on
produced a main effect, but not for the group, 6=3.75, the FCR H-reflex caused a large degree of reflexibe
p=0.11 for the group; o= 19.03, p=0.000 for the time- bition during RSCPDT _folIowgd by a gradual exciati
course). The interaction between the group and-timeéter RSCPD in comparison with RSCAET.

course was also significant for the H-ratigs (f5 =18.51,

p =0.000). Both a significant main effect of thenéi  Table 1. Significant differences between the two groups in
course and a significant interaction between toegand the H-ratio

time-course indicated that theH-ratio changed abwer

time-course, with the extent of change dependent RSCPDT
Condition-  Condition- Condition-
Cc2 Cc7 C8
ost-exercise ition-

Resistive p | Cond!t!on C2 0.70: 0.445* 0.42?*
exercise ( ‘ RSCAET Cond!t?on—CS 0.69 0.46 0.44
Condition-C4  0.67* 0.47* 0.46*
| | | | I | | | | | | _ Condition-C5  0.63* 0.51* 0.50*
| | | | | | | | | | | - Condition-C6  0.67* 0.47* 0.46*
HT . * * *
C1-1 €12 C1-3 C14 C2 C3 C4 C5 C6 C7 C8 Cond!tfon C7 0.68 0.47 0.45
Condition-C8 0.71* 0.43* 0.41*

Rest (C1) (*; significant difference)

Discussion
Figure 1. Experimental design

The neurophysiological rebound effects of SCPD han t
Repeated H-reflexes and M-waves (1 Hz) were sequeRrCR H-reflex was significantly dependent on theetim
tially elicited in a row without interval for a ded of 220  course. The results of the repeated ANOVA sugdest t
s. The period of 220 s was divided into 8 condgi¢con-  neurophysiological rebound effects induced by RSCPD
ditions-C1~-C8). Conditions-C1 (four trials; 80 s) repre- Ton the FCR H-reflex cause a significant initigisition
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phase duringRSCPDTand a significant subsequeritfacil References
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Abbreviations: RSCPDT = Resistive static contractiof
posterior depression technique; RSCAET = Residtatic
contraction of anterior elevation technigque; FCRlexor
carpi radialis;AROM = active range of motion; RRERe-
mote rebound effects
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