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Abstract
Intrathecal baclofen is a very powerful
antispastic agent. Its mechanism of action
on the monosynaptic H-reflex in spinal
patients was investigated. It could inhibit
rapidly and profoundly monosynaptic
reflexes in lower limbs, but did not modify
Ia vibratory inhibition of the soleus H-reflex. To assess more precisely its effect on
Ia afferents, an experimental paradigm
using Ia heteronymous facilitation of the
soleus H-reflex was used. Intrathecal
baclofen did not modify the amount of
monosynaptic facilitation of the soleus
H-reflex brought about by stimulation of
the femoral nerve. This demonstrates that
the main part of the inhibitory effect of
baclofen on the H-reflex in spinal patients
is not due to a presynaptic effect, suggesting a postsynaptic site of action.

in animals are ambiguous. Some studies favour
a postsynaptic action on neurons.4 More
recent studies in spinal animals favour the
hypothesis of a presynaptic effect on Ia afferents.' 6 Contrasting with these results, studies
in spastic human patients,7 8 have failed to
demonstrate a presynaptic effect. In these
studies, presynaptic inhibition on Ia fibres was
only assessed by vibratory inhibition of MSR.
Two facts led us to re-examine the mechanisms responsible for the inhibition of MSR by
intrathecal baclofen in humans. Firstly,
intrathecal baclofen allows a much stronger
inhibition than oral administration,'-3 9-12 thus
allowing a more reliable study. Secondly,
Hultborn et all3 have recently described a new
method which permits a more direct study of
Ia presynaptic inhibition in humans.

Patients and methods
This investigation was performed in 15
patients, aged 18-55. This therapy was underNeurosurgery,
Lariboisiere Hospital,
taken because all of them had severe spasticity
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Baclofen (#-(4-chlorophenyl)-y-aminobutyric and disabling spasms of spinal origin. The
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acid) is a widely used antispastic treatment. main characteristics of the patients' clinical
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ment for severe spasticity. The mechanism of were clinically complete, and eight incomplete.
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(MSR) remains unclear. Experimental studies sclerosis. The duration of the lesion was at least
six months. All gave their consent after being
informed of the experimental aim of the
electrophysiological study. At the time of the
Table Patients' characteristics
experimental session, the patients were free
Group I: 90% inhibition of soleus H reflex after an injection of baclofen 50,ug or less
from pressure sores, urinary tract infection or
any other medical complication and had no
ratio
Hm
/M_
No.
Age, sex
Diagnosis*
(initial value)
Delay of action (min)t
oral treatment of spasticity. During the recording sessions, the patients sat in their wheel1
18 M
SCI (T 5 c)
0-75
60
2
26 M
SCI(T4c)
095
60
chairs or lay on a bed with their legs in the
3
55 M
SCI (T 6 c)
0-80
240
same position throughout the experimental
4
20 M
SCI (C 4 i)
0-87
35
5
39 F
SCI (T 7 i)
0-75
180
session. A bolus of baclofen was injected into
6
29 F
SCI (C 3 i)
0 75
80
the lumbar subarachnoid space either by per7
37 M
MS
0-64
60
cutaneous lumbar puncture or by an implanted
Group II: 90% inhibition of soleus H reflex after an injection of baclofen 60-100 ,g
pump via a subcutaneous intrathecal catheter
8
24 M
SCI (C 7 c)
0 59
40
(manual pumps (Cordis Secor) in cases 8 and
9
55 M
SCI (T 6 i)
0-75
69
1 1, or electronically driven pumps (Medtronic
10
50 M
SCI (T 7 i)
0-61
80
11
31 M
SCI (C 5 i)
0-76
60
DAT) in cases 12-15. The doses ranged from
20 to 200,ug (table).
Group III: 90% inhibition of soleus H reflex after an injection of baclofen 100-150,ug
The H-reflex was tested on the soleus
12
36 F
SCI (C 5 c)
0-4
120
muscle. Surface electrodes were used both for
13
27 M
SCI (C 5 i)
0-95
120
Group IV: patients in whom an injections of doses of baclofen 160-200 pg could not elicit more stimulation and recording. Rectangular current pulses of 1 ms duration were used for
than 50% inhibition of soleus H reflex
stimulation, and were applied using a unipolar
14
24M
0-51
SCI(T4c)
electrode.
The active electrode was placed in
15
35 M
SCI (C 5 i)
0-67
the
fossa to stimulate the tibial nerve.
popliteal
*SCI = Spinal cord injury, with cervical (C) or thoracic (T) level affected; c = complete spinal The reflex
were measured as the
responses
=
=
cord section, i incomplete section. MS multiple sclerosis. tDelay of action denotes the time
(in minutes) necessary to obtain an inhibition of 90% of H reflex.
peak-to-peak amplitude of the evoked muscle
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unconditioned and 20 conditioned H-reflexes
was recorded with stimuli being delivered
every 4s. The amount of facilitation was then
calculated, the statistical analysis of the results
being examined by a t test. Between these
series, the Hmax/Mmax ratio was measured to
assess the amount of MSR inhibition caused
by baclofen. This experiment was performed in
five patients (cases 8, 10, 11, 13, 14) with
doses ranging from 50 to 150 pug. In two other
patients (cases 4 and 7), the experiment could
not be performed because heteronymous facilitation was too small before baclofen injection.
In the other patients, it was not possible
because femoral nerve stimulation provoked
strong flexor spasms or a long lasting soleus
H-reflex inhibition, or both.
Results
Effect on MSR
The excitability of MSR in lower limbs was
tested in all subjects. The soleus H-reflex was
dramatically reduced by intrathecal baclofen.
As the table illustrates, however, the minimal
dose necessary to obtain this inhibition was
different between one patient and another. In
all patients except two, we observed (table) a
near-total disappearance of the reflex (Hmax
less than 10% of the pre-treatment value) with
doses of less than 150 ,ug. In seven patients this
effect appeared with doses of less than 50 ,ug; in
two cases higher doses (more than 150 pg)
were necessary and, even with these doses,
inhibition was not complete (reduction of the
Hmax/Mmax ratio of 50%). The onset and the
rate of the decrease of the Hmax value were also
variable. As the table shows, in six patients, the
effect appeared rapidly and, when the appropriate dose was given, the inhibition was
complete within less than one hour. In four
cases, more than two hours were necessary to
obtain a complete inhibition of the H-reflex.
The minimal dose necessary to abolish the
H-reflex and the time to peak effect were not
correlated with the HmaxiMmax ratio before
injection, or with the level of the lesion, and
did not differ whether the spinal lesion was
clinically complete or not. This inter-individual
variability may be due to patients' susceptibility to the drug but modifications of CSF flow
may- contribute to this variability, at least in
paraplegia of traumatic origin.
For each patient there was a dose-effect
relationship. This is illustrated in fig 1 by the
Hm.x variation observed after different doses of
baclofen (20, 50 and 100 pg) in one representative patient (case 10).

Effect on soleus H-reflex conditioned by Ia afferent
stimulation
The effect of a vibratory stimulus was studied
in eight subjects. Weak vibratory inhibition
(less than 20%) was observed in only two of
them (cases 8 and 11). The injection of
baclofen did not enhance vibratory inhibition
in those two, nor did it make it appear in the
other six patients (fig 2).
The effect on the soleus H-reflex Ia
heteronymous facilitation was studied in five
patients, the test H-reflex being deliberately set
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action potential. These potentials were recorded with two non-polarisable disc electrodes
(09 mm diameter; inter-electrode distance 2
cm) placed over the bellies of the soleus muscle
(below the gastrocnemius muscles). The electromyographical responses were measured
using an analog digital converter linked to a
microcomputer. The value of Hmax was
assessed by H-reflex recruitment curves
obtained by 25 tibial posterior nerve stimulations with different intensities.
Presynaptic Ia inhibition was assessed by
two methods: (1) Vibration (shocks percussion
of amplitude 0 7 mm, duration 2 ms, frequency 70 Hz) was applied to the Achilles
tendon with a vibrator (Bruel and Kjaer model
4809) driven by monophasic rectangular pulses. Hmax with and without vibration, was
recorded before, and every 15 minutes after,
baclofen injection in eight patients (cases 1, 2,
3, 5, 6, 8, 9, 1 1).2 Heteronymous Ia facilitation
-of the soleus H-reflex was assessed according
to the method described by Hultborn et al."3
The conditioning stimulus was obtained by
supramaximal stimulation of femoral nerve in
the femoral triangle.
It has been demonstrated that the first 0 5
ms of this heteronymous Ia facilitation from
quadriceps to soleus is mediated exclusively
through a monosynaptic pathway and is not
contaminated by any Ib or polysynaptic Ta
effect."3 Accordingly, the timing was adjusted
in order to make the conditioning afferent
volley arrive at the spinal level no more than
0-5 ms before the test soleus H-reflex. The
conditioning stimulus was delivered after the
test stimulus, because the distance from the
femoral triangle to the spinal cord is shorter
than the distance from the popliteal fossa to
the spinal cord. First, the shortest conditioning-test interval (using 0 1 ms steps) at which
facilitation of the soleus H-reflex could be
elicited was determined. The interval used in
the following part of the experiment was
0-2-0-3 ms longer to obtain sizeable facilitation due only to the monosynaptic Ia EPSP.
The amount of facilitation before baclofen
(control situation) was compared with that
obtained every 10 minutes after the intrathecal
injection. Under these conditions, the reflex
facilitation depended only on the size of the
conditioning EPSP evoked by heteronymous
Ia stimulation. A constant conditioning stimulus should elicit an EPSP of constant size in
motor neurons, and thus a constant amount of
reflex facilitation, unless the amount of presynaptic inhibition of Ia fibres changes; a
decrease in the facilitation may be ascribed to
an increase in presynaptic inhibition of the
heteronymous Ia fibres from quadriceps to
soleus. It has been shown'4 '5 that the susceptibility of an H-reflex to facilitation varies with
the size of the unconditioned reflex. After
baclofen injection, however, the soleus Hreflex was depressed. To maintain a constant size (10-15% of Mm2,) of the
reference (unconditioned) H-reflex despite
MSR inhibition, the test stimulus intensity had
to be adjusted (increased).
Every 10 minutes, a series of at least 20
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Figure 1 Dose-effect relationship, illustrated in patient 10. The H-reflex is expressed as a
percentage of its pre-injection (control) value. The three curves represent the evolution of
the H, value during the four hours following an intrathecal injection of baclofen 20 pg
(squares), 50 pg (open circles), or 100 pg (filled circles).
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at 10-15% of Mmax both before and after
baclofen. In four patients (cases 8, 11, 13, 14),
the same findings were observed: facilitation
was not altered by the injection, as long as the
H-reflex was not profoundly inhibited (Hmax/
Mmax ratio higher than 25%). Fig 3 represents
in patient 8 the simultaneous evolution of the
changes of the Hmax/Mmax ratio (upper part)
and the Ia heteronymous facilitation (lower
part) after intrathecal injection of baclofen 100
,ug. The control soleus Hmax reflex was 62% of
the Mmax value, and it progressively decreased
after injection. The test H-reflex was increased
54% by the heteronymous Ia volley before
injection and this amount of facilitation
remained stable despite significant inhibition
of the MSR: for an Hmax/Mmax ratio of 25%,
the amount of facilitation was still 44%. For
stronger H-reflex inhibition, however, the facilitation weakened significantly and then disappeared. Figure 4 summarises the results in
the five patients, showing the size of test and
conditioned soleus H-reflexes before and after
an injection producing a reduction of the H max/
Mmax ratio to 25%. In four patients, the
amplitude of the facilitation was not significantly modified by an injection of baclofen.
In one patient (case 10), the facilitation
decreased after injection. It should be noted,
however, that the variability of the test H-reflex
was greater in this patient than in the other
four. In this same patient, the injection was
made by a percutaneous lumbar puncture,
whereas an implantable pump was used in the
other four. These technical problems may
contribute to the variable results obtained in
this case.

Discussion
Baclofen is known to be efficient in reducing
muscle tone and flexor or extensor spasms in
patients suffering from corticospinal tract
lesions, as well as reducing stretch reflexes in
animal experiments.4 16 Because this effect can
be observed after spinal cord section, it is
generally accepted that most antispastic activity is exerted at the spinal level. The precise site
and mechanisms of action of this drug, how/ariatioins
ever, still remain unclear. The present results
document a powerful inhibitory effect of bacloL
fen administered intrathecally, with rapid
01
H max/M max v
0
0W
(from 35 minutes to four hours), profound and
prolonged inhibition of MSR in the legs of
spinal patients. Such a drastic effect has never
Test Test + la he3terony'mous
been observed with oral treatment, and confirms the clinical observations made by Penn et
al' 3 and the electrophysiological study of
Macdonell et al"
Before baclofen injection, H-reflex vibratory
inhibition was weak or absent in our patients,
1011
who all presented a severe spasticity. This is in
0
30
60n accordance with the findings of Delwaide"7
Controls
After baclofen injection
who showed that vibratory inhibition was
reduced in spastic patients, and that this loss of
/M
Figure 3 Heteronymous Ia facilitation of soleus H-reflex compared with H TOpnMax
inhibition was related to the severity of hyperratio, before and after an intrathecal injection of baclofen 100 pg in patient 8.
H ,_.JM.,a variation. Bottom: open bars represent test H-reflex, solid bars H-rreflex
reflexia. Intrathecal baclofen did not enhance
conditioned by heteronymous Ia volley. The first three measures were obtained b5efore, and
or restore Ia vibratory inhibition of MSR. The
the others during, the 60 minutes following baclofen injection. Abcissa: time (m
same results have already been obtained after
after baclofen injection; ordinate: size of H",_,, expressed as a percent of Mx,a* iNiotes)hat
oral7 18 or intramuscular8 administration of
different scales are used for the upper and lower parts of the figure.

Time (hours) after baclofen injection
Figure 2 Effect of a vibratory stimulus on H-reflex after intrathecal baclofen. The figure
represents soleus HxIM ratio with (filled circles) and without (open circles)
vibrations during 16 hours following an intrathecal injection of baclofen 40 pg in
patient 3.
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Pierrot-Deseilligny'9 have suggested that presynaptic inhibition on these two types of Ta
fibres directed to soleus a-motor neurons
could be mediated by the same interneurons.
H 182% NS
H 164%
Patient 8
In animal experiments and studies in vitro,
there is no agreement on the presynaptic or
postsynaptic effect of baclofen.4 Initial studies20 and, more recently, Edwards et ar and
et aP, conclude that baclofen's main
Jimenez
H
Patientl
160%
0137% NS
site of action is presynaptic, by reducing the
probability of release of neurotransmitter,
without any effect on the membrane time
constant or EPSP decay. Nevertheless, postsynaptic effects have also been demonstrated
Patient13 0
g 239%
RJ 193% NS
by many authors who showed that baclofen has
a hyperpolarising action, dependent on dose
and concentration on some mammalian central neurons, associated with an increase in
i 135% NS
0
Patient 14
148%
postsynaptic potassium conductance.4
Most data have been obtained in experimental conditions that are quite remote from
human clinical conditions: firstly, these studies
have only been performed on acute spinal
Li
117%
Patientl10
1 197%
animals, and secondly, intrathecal administration has not been studied in animal preparaTest Test + la
Test Test+ la
tions.
Figure 4 Heteronymous Ia facilitation of soleus H-reflex in five patients before and after
In summary, our results suggest that intrabaclofen injection. Open bars: test reflex value. Solid bars: amount of facilitation brought
thecal baclofen in chronic spinal patients
about by heteronymous Ia volley. Each bar represents the mean of 20 recordings, plus one
inhibits the soleus H-reflex by a postsynaptic
SD. A: before injection. B: after intrathecal baclofen injection, reducing H IM ratio
to 25%. The average offacilitation (after 20 tests) is indicated for each case. For the four
effect, at least until the Hmax/Mmax ratio is
upper cases, the difference between facilitation before and after injection was not
than 25%. This effect may be exerted
higher
significant (NS).
directly on the motor neuron itself, or by a
postsynaptic inhibitory mechanism that is
baclofen but, in these studies, inhibition of released by baclofen.
MSR was much less important. As it has been
are most grateful to Professor D Burke and Professor E
shown that vibratory inhibition is essentially We
Pierrot-Deseilligny for their helpful comments and critical
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due to Ia presynaptic inhibition brought about review of the manuscript. We thank Professor
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by Ia fibres,'7 this suggests that baclofen does who
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themselves. To assess more precisely the effect
of baclofen on Ia afferent terminals, we used
the experimental procedure described by Hultborn et al.'3 This technique has the advantage
of allowing a study of presynaptic inhibition on 1 Penn RD, Kroin JS. Intrathecal Baclofen alleviates spinal
Ia fibres, whatever its origin.
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