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Absrract - The purpose of e this study way lo investigete the
effect of direct current on motoneuron reflex excitability. Thirty
six sufjeets (T8 males, 18 females) (936 pears of age (x =
M6, 50 = 163} participated in this study, The reflec
excitahility of solews molaneurens was assessed by measuring the
armount of change in the peak o peak ampitude of the Horeflex
hefore and after direct curvent way applied o the skin over the
sural nerve. Keflex recordings were taken before and after direct
current way applied. DNrect corrent way adminidtered for 5
minnfes af an imtensity no greoter fHee 4 m Ao A complete
rundmmized dlock with one sample fn each block was uied
Petired t-test with Scheffe correction for multiple comparisens
were used,

A significant in H-reflex mnplitde was demonstrated for oll
past baveline megsurements when compared to baseline. These
resulty suppest ot direct curvent fas o focilitetory effect on
motoreuron reflex excitability, In addition, motonenren reflex
exeitability remuained fnereased for 10 minuies qflee stimelns
Bl Beent tursed off.
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INTRODUCTION

Electrical current that flows in ope direction for
ahout | second or longer can be defined as direct
current {DC). Physiological effects and therapeudtic uscs
of DC ingludes: sensory stimulation, hyperaemia, relict
of pain, acceleration of healing, tissue destruction and
clectrophoresis (.

Electrical stimulation with DC s one of the oldest
therapeutic modalities available to physical therapists. In
two recent studics Apostinuect (1992 and Agostinucel,
{1992} report that DO can  merease  Hereflexes
amplitudes {2,3).

The Herellex has been generally considered o be a
religble  measure  of  the  excilability of the @
motoneuron (4.

The purpose of the present study was 1o clarify (he
elfects of DC on the soleus Herellex amplitude in
healthy subjects. Based on previous studies it was
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postulated  that  elecrical  stimulation by DO would
exerta o [acilitatory effect on the amplitude of the
soleus H-reflex.

MATERIALS AND METHODS

Subjects

Thirty six healthy subjects {18 male, 15 female) with
g mean age of 24,06 years (S[=3.63) patricipated in
this study. Purticipants were recraited from students of
the school of Rehibilitation Sciences, Iran university of
Medical Scicnces. All subjects were asked 10 refrain
from ingestion of caffeine and aleohol for 12 hours
prior to the study because (hese substances could alter
motoncuron  excilability.  The  subjecls  pave  their
informed  consent  before  participating o the
investigation. Four healthy subjects (1 male and 3
females) took part in the sham experiment.

Instrumentation

A Medelee 92a clectroniyograph was used for all
nerve stimulation and reflex recording. The recording
electrodes were two EMOG silver-plated cp electrode (9
mm) coated with a conductive gel, The stimulating
electrades were two rubber electrodes (3.5 % 4.5 om)
specialized for the TENS unit.

The skin temperature over the soleus muscle was
monitored throughout each experimental session using
a skin feedback thermomeler (Barvo model). An
electrical stimulation unit (Dypatron 438 Enraf) was
psed as DO spurce, Stimulating electrodes (o CD
application were two rabber clectrodes (4 X 6 om).

Electrical stimulation

DO was applicd o the skin over the sural nerve,
DC was administered for 5 minules al an intensity no
longer than 4 mA. The anode was placed on Lhe skin of
the lateral ankle just inferior 1o the lateral malleolus.
The cathode was placed over the posterior muddle calf
proximal to the recording electrode.

Reflex testing
Subjects were positioned prone on the with knee at
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20-300 Aexion and ankle joint was in plantar flexion
(10-15).

The skin overlyving the soleos muwscle and  the
papliteal fossa were cleaned with dsopropyl aleohol in
perparation for placement of electrodes, The Horeflex
and M oresponse of Lthe soleus muscle were elicited
according to the classic prolocol of Hugon (5-11). The
recording electodes were placed Jom apart on the skin

overlying the soleus muscle nterior o the belly of

gaslrocnemivs muascle inoalignment with the Achilles
tendon. “The ground electrode which consisted of a
silver plate cup electrode (% mm) was placed on the
lateral edge of the leg between the stimulation point
anel the recording site to minimize the stimulus artitact.

In arder to stmulate the ubial nerse, the anode
clectrode was placed on the quadriceps muscle above
the patella. In the popliteal fossa & 0.5 millisecond
atimulation was applied 1o the skin oaver the tibial nere
and proper cathode positioning was determined when
{1) the direct motor response (M Wave) and H-refiex
displaed similar wave configarations (2). The 1-refles
was evoked before the M Wive (5).

The  stimulating  intensity  was  increased  unlil
respectively a maximal H-reflex and M response were
observed and average of 3 Hereflex and M oresponses
wiere recorded. “Then the intensity was decreased untnl
0% of the maximal Hereflex () was obiained.
A this stimulating intensily ten Herefleses with 10
seconds interval recorded and averaged for each subjed
before application of DO w obtain 2 baseline value
{Toy. Hereflexes were alsa recorded at 1 (T and 10
(Tl minutes after DO application. During  the
cxperiment iF the M-awave amplitude or shape changed,

the data were not used i the analysis. AL the end of

cxperimental session, 1he maximal M response and
H-reflexes were recorded,

Data analysis

Paired t-tests were used for comparison of mean
skin remperature, Hypay and Mg amplitude before
amd after wse of DO in subjeclts. A complele
randomized block with one sample inocach block was
vaed 1o analvee the  Hereflex baseline [T

measurements and the measurements alter electrical
stimulation  (T1, T10).  Pared  t-lest with  Scheffe
correction for muliple comparisons wers used when
signilant P ovalue oblained.

RESULTS

A significant increase in l-reflex amplilude was
demonstrated [or all post baseline measarement (1]
and T10) when compared 10 baseline {P=00001) and
the difference of mean H-reflexes in the jwa post
bascline messurcment were pol sipnificant (P> 00.03)
{Figure 1 and 2, Table 1),
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Fig, 1. Comparison between the mean amplitndes of H-Refleg
il three different tmes (TOTLTTO

The differences hetween mean of gy @00 Mg
amplituces and skin temperature at the begining and
end of experimental session was ool significant (P>
0.03).

The sham  proup  demonstraled oo sipneicant
differences hetween measurements recorded  afler 3
minutes vompared 1o baseline (P> 00050,
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Fig, 2. Solews T-Reflexes before application of DO (T0) afler
I min (T1) and 10 mm (110 application of DC

DISCUSSION

The principal finding of this study was signiticant
increase in H-reflex amplitudes after application of DC
on the skin over the sural nerve. This Onding confirms
garlier  reports (2,3} The  inerease  in Hereflex
amplitudes was clearly observed in all subjects. U may
be interpreted as an increase in alpha motoneurons
excitability of the soleus muscls motoneurons pool,

Animal studies have shown that €f motoneurons
iHagharih 1952) and the % motoneurons (Eldred and
Hagharth 1954) are affected by skin stimulation {4-6).
These results are alo demonstrated o man using
noxious stimuli o the skin (Hugharth and Finer, 1963)
{2-6). Hugon (1973) deseribed that spinal reflexes such
as the Hereflex may be facilitated by low threshold
shocks delivered 1o the human cutancous nerves which
supply  the skin overlying  the  muscle  group (4.
Modulation of the motonearon pool excitability by
cutaneous receptors, may not be homogenous tooa
particular group of receptors (4).

Continuous D by itsell will not eliclt contractions
from normally innervated or depervated muosculature
(7). Contineous or noninterrupted wave  [orms are
generally  trunsmitted by means  of  the  small,
vnmyelinated  © fbers (7). “These fibors  transmit
noxious  stimuli.  According o Hagbarth’s  findings
numious stimulation of the skin over a particular nuscle,
Facilitated the motoneurons of that muscle. In this stucdy
DC was applied on the skin overlying the sural perve
which overlies the soleus muscle as well. TIhis resulted
in facilitation of the soleus extensor muscle,

The bhusis of the [acilitation and  re-cducation
treatment programs, in healthy mdividuals as well as in
orthopedically or neurclogically involved patients, is the
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bombardment of the CN3 with scosory information. It
is  hypothesized  that  sensory  slimulation  increases
awareness of Lhe involved extremity and may promote
improved function (8, 9.

Although neurophysiologic mechanisms that control
alpha motoneuron excitability are not well understood,
alpha cell cxciability s thoughl 0 be an integrated
summation of all impinging stimuli. Suprascgmental a3
well as sepmental input mechamisms are  probably
iovolved i this  modolation. Skin stimulation s
presumably brought about by way ol the descending
prramidal system and descending tonic reflex pathways
originating within the brainstem {107 In animals, it has
been shown that pyramidal lracl syslems  exert an
inhibitory effect on polysynaptic flexion relexes and an
excitatory  elfect on polysynaptic extension  reflexes
{Clark 1966). In these animal studies, il was postulated
that increased pyramidal discharge was brought about
by an increase in the level of activation somewhere in
the reticular tormation (2-107,

The results of this  stody  demonstrated  that
electrical stimulation with direct correnl can increase
H-reflex amplitude. This increase was interpreted as
increase in maotoneuron excitability.
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