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Our serendipitous observations suggested that some patients with spasticity appeared to have
improved following the administration of the anticonvulsant drug gabapentin. As some
patients with spasticity are either refractory to or intolerant of established medical treatments,
we conducted this study to investigate the e�ect of gabapentin on spasticity in patients with
spinal cord injury. Twenty-®ve patients with spinal cord injury and spasticity received oral
gabapentin (2400 mg over 48 h) in a randomized, double blind, placebo-controlled crossover
study. We assessed responses by measuring the Ashworth spasticity scale, muscle stretch
re¯exes, presence of clonus and re¯ex response to noxious stimuli. Patient ratings were
obtained using a Likert Scale. Administration of gabapentin, but not placebo, was associated
with an 11% reduction in spasticity as measured by the Ashworth Scale (P=0.04) and by a
20% reduction in the Likert Scale (P=0.0013). Signi®cant changes were not obtained for the
other measures. The data obtained suggest that gabapentin may be useful in the management
of spasticity associated with spinal cord injury.

Keywords: spasticity; spinal cord injury; gabapentin

Introduction

Painful muscle spasms, spasticity and rigidity a�ect up
to 67% of patients with a severe spinal cord injury.1

Painful spasms and increased tone limit rehabilitation
and the quality of life by interfering with physical
therapy, sitting, patient transfers and other activities of
daily living. Ambulation may be compromised in
patients with incomplete lesions due to pain, decreased
range of motion, tone and clonus. Medical therapy for
spasticity following spinal cord injury has traditionally
involved orally administered baclofen, dantrolene,
benzodiazepines and clonidine.2 ± 4 Baclofen is generally
regarded as the drug of choice for spasticity of spinal
origin. Its e�cacy has been demonstrated in placebo
controlled trials.5 It is less of a sedative than diazepam,2

and causes less weakness than dantrolene.6 Despite its
demonstrated bene®ts, 25 ± 35% of patients do not
respond to oral baclofen.7 Furthermore, dose limiting
neurotoxic adverse e�ects such as somnolence, ataxia,
dizziness and confusion have been noted.2 Tizanidine
has demonstrated e�ectiveness in clinical trials, but is
not currently approved for use in North America.8

Surgical treatments for spasticity of spinal origin
include tendon lengthening, neurotomy, dorsal rhizot-

omy and longitudinal myelotomy. Implantation of
pumps for the administration of intrathecal baclofen
had emerged as an e�ective procedure.9,10 Advantages
of this technique include e�ectiveness in the absence of
dose-limiting adverse e�ects. Nevertheless, hypoten-
sion, weakness and respiratory depression have been
reported in placebo-controlled trials.10,11 Complica-
tions include mechanical failure, accidental overdosage
and infection.9 ± 11

Thus, despite available therapies, a treatment
combining the attributes of clinical e�cacy, safety,
tolerability and cost-e�ectiveness is not available for
all patients with spasticity of spinal cord origin. Our
anecdotal experience with gabapentin, a recently
marketed anticonvulsant, led us to conduct a
prospective, double-blind, placebo controlled cross-
over trial of adjunctive oral gabapentin in the
treatment of spasticity of spinal cord origin.

Methods

Patient population
Men and women age 18 and older with spinal cord
injury were eligible for participation if they had
uncontrolled spasticity, were not pregnant, had noCorrespondence: Dr Michael Gruenthal
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history of renal disease and were able to give informed
consent. Potential patients were identi®ed in the
databases of the Frazier Rehabilitation Center in
Louisville, KY and the Veterans A�airs Medical
Center Spinal Cord Injury Service in Houston, TX
and contacted by telephone. Patients who described
themselves as free of spasms or rigidity were excluded.

Study design
After obtaining Institutional Review Board approval,
informed consent was obtained from all of the patients.
The study consisted of a baseline evaluation (day 1)
followed by randomization to one of two treatment
arms. One half of the patients received six doses of
gabapentin 400 mg orally in three divided doses per
day while the other half received placebo. A repeat
evaluation was conducted on day 3. Subjects then
underwent an 11 day washout period (days 4 ± 14)
followed by a third evaluation on day 15. The drug
regimen was then repeated except that the placebo was
given to those patients who had previously received
gabapentin and vice versa. The ®nal evaluation was
conducted on day 17. All evaluations for a given
patient were conducted at the same time of day and
within 5 h of the last dose. A double blind was
maintained throughout the entire study. In addition,
the examiner was kept unaware of the results of
previous examinations for each patient at each
evaluation. Patients were instructed to continue taking
any antispasticity drugs which they were using prior to
enrollment. Each evaluation consisted of several
measures. Patient ratings of spasticity were measured
with a six point Likert Scale in which patients were
asked to rate spasms using the categories `none', `mild',
`moderate', `severe', `very severe' or `worst'. Each
category was accompanied by a simple diagram of a
face depicting increasing levels of dissatisfaction.
Spasticity was assessed clinically in the right upper
and lower extremities by a standardized Ashworth
Scale rating, muscle stretch re¯exes, the presence or
absence of clonus in response to rapid ankle
dorsi¯exion and wrist extension, the presence or
absence of re¯ex withdrawal in response to nailbed
pressure to the ®rst ®nger, and assessment of the
Babinski response. Table 1 shows the individual
components of these tests and Table 2 shows the
scoring system used for each measure. Each evaluation
was conducted by the same physician in Louisville and
in Houston who met to develop a uni®ed technique.

Patients were assigned at random to receive either
gabapentin or placebo as the initial treatment.
Randomization using a random number table and
drug dispensing were done by a pharmacist who had
no direct contact with the investigators or patients and
no knowledge of any patient's clinical status. Neither
the patients nor the investigators were informed of
treatment assignments until the study was completed.
The physical characteristics of the administered
gabapentin and placebo were identical.

Statistical analysis
This was a crossover study in which patients were used
as their own matched controls for all primary analyses.
We examined the data for di�erences in Likert Scale
rating and in the individual clinical measures shown in
Table 1 Since all data were ordinal, analyses were
conducted using the Wilcoxon matched pairs ranked
sum test. The primary analysis was a comparison of
results obtained following administration of gabapentin
and placebo. To investigate the e�ects of possible
variation in individual baseline data as a function of
the eleven day washout period, data obtained during
treatment (placebo or gabapentin) were also compared

Table 1. Clinical assessment of spasticity

1. Ashworth spasticity
scale

II. Clonus

Hip flexor
Hip extensor
Hip abductor
Hip adductor
Knee extensor
Knee flexor
Ankle dorsiflexor
Ankle plantarflexor
Triceps
Bicpes

Ankle
Wrist

III. Reflexes IV. Response to noxious
stimuli

Brachioradialis
Biceps
Triceps
Gastrocnemius
Quadriceps femoris
Adductor

Nailbed
Babinski

Table 2 Scoring system for clinical assessment

I. Ashworth spasticity scale II. Clonus
1=Normal, no increase

in tone
2=slight increase in tone,

giving a `catch' when
affected part is moved

3=More marked increase
in tone, but affected
part easily moved

4=Considerable increase in
tone; passive movement
difficult

5=Affected part rigid,
immobile

0=None, normal
1=Non-sustained clonus
2=Sustained clonus
3=Spontaneous clonus

III. Reflexes IV. Response to noxious stimuli
0=Areflexia
1=Hyporeflexia
2=Isoreflexia, normal
3=Hyperreflexia
4=Hyperreflexia with

clonus eliceted

0=No response
1=Minimal flexor response
2=Flexor withdrawal
3=Fully developed triple

flexor response
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to baseline data obtained immediately prior to
initiation of that treatment. To investigate possible
di�erences in the scores as a function of treatment
order, unpaired comparisons between patients assigned
to receive placebo ®rst and gabapentin ®rst were made
using the Mann ±Whitney U test. All P values are two-
tailed. Observed di�erences were considered statisti-
cally reliable if the probability of a type one error was
less than ®ve percent.

Results

Three women and 25 men were enrolled in the trial and
randomly assigned to receive either placebo followed
by gabapentin or gabapentin followed by placebo.
Three men withdrew after receiving placebo as the
initial treatment and were not included in the analyses.
No patients withdrew from the study during or after
exposure to gabapentin, and no adverse events
occurred. The mean age of the 25 patients completing
the study was 42.5 years (range 21 to 60 years). The
mean duration of spinal cord injury was 7.45 years
(range 1 month to 26 years). The number of patients
taking other antispasticity medications at the time of
enrollment and the daily doses of those medications are
shown in Table 3. Four of the 25 patients were taking
no medications, 13 were taking one, ®ve were taking
two, and three were taking three medications. No
changes in these medications occurred during the study
period. During the baseline evaluation, no signi®cant
di�erences on any measures were found between
patients who subsequently received placebo ®rst and
those who received gabapentin ®rst. Similarly, treat-

ment order did not a�ect the data obtained with
administration of either placebo or gabapentin.

The median scores obtained for each measure are
shown in Table 4. Administration of gabapentin
resulted in an 11% reduction in the median Ashworth
Scale score (z=2.011, P=0.044) and a 20% reduction
in the median Likert Scale score (z=3.214, P=0.0013)
when compared to placebo. Other measures did not
yield signi®cant di�erences. Similar results were
obtained when responses to gabapentin were com-
pared to baseline data. No signi®cant changes in any
measure were seen when responses to placebo were
compared to baseline data. The small decrease in the
Likert Scale score and increases in the Ashworth and
clonus scores associated with placebo administration
were not statistically signi®cant.

Discussion

This prospective, double blind placebo controlled
crossover study was designed to investigate the
potential role of gabapentin in the treatment of
spasticity following spinal cord injury. The results
indicate that gabapentin administration for 48 h is
associated with signi®cant improvements in patient
ratings of spasticity and in Ashworth Scale scores.
Although the observed di�erences are small, many
patients described substantial improvements in quality
of life associated with taking gabapentin. These data
indicate that gabapentin may be useful in the manage-
ment of patients with spasticity associated with spinal
cord injury. Previous studies in healthy volunteers and
patients with epilepsy have shown gabapentin to be
safe and well tolerated, and to have very favorable
pharmacokinetic properties.12

Several aspects of this study warrant further
comment. The gabapentin dose was chosen after our
impression, based on an uncontrolled observation,
that 900 mg daily in three divided doses was minimally
e�ective. We chose an 11 day washout period because
some patients with spasticity appeared to remain
improved for up to ten days following a 2 day
exposure, suggesting a pharmacodynamic half-life in
excess of the 5 to 9 h elimination half-life. The design
was such that measurements were made following the
administration of 2400 g of gabapentin in divided
doses over a 48 h period, su�cient time to achieve

Table 3 Patient medications*

Mean dose
Medication # of patients (mg/day) and range

Baclofen (all oral)
Diazepam
Dantrolene
Clonazepam
Clonidine

15
11
3
2
1

100 (10 ± 160)
24 (5 ± 45)
167 (150 ± 200)
1 (0.5 ± 1.5)

0.05

*The mean daily dose and range of antispasticity medica-
tions, as well as the number of the 25 study patients who
were taking these medications prior to and during the study

Table 4 Median scores for each measure*

Min ±Max LS (0 ± 5) Ashworth (10 ± 50) Clonus (0 ± 6) Reflexes (0 ± 24) Noxious (0 ± 6)

P. Baseline
G. Baseline
Placebo
Gabapentin
P value

3
3
2.5
2

0.0013

21
22
22
19.5
0.044

0
0
1
0

0.32

12
12
12
11
0.45

2
2
2
2
0.8

*Abbreviations: Min ±Max- possible minimum and maximum scores for each scale, LS- Likert Scale score (0=none, 5=worst),
Ashworth- Ashworth Scale score, Noxoius- response to noxious stimulation, P. Baseline and G. Baseline- Baseline data
obtained prior to administration of Placebo and Gabapentin, respectively
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steady-state concentrations.13 Statements regarding
long term e�cacy and tolerability cannot be made
on the basis of these data. While this study did not
include a formal long term followup, many patients
requested continued access to gabapentin. Several of
these patients have received gabapentin from either the
study investigators or another physician responsible
for their care, in doses up to 3600 mg/day in three
divided doses. In some instances, this has permitted a
reduction or elimination of other medications for
spasticity. While encouraging, these observations are
anecdotal. Thus, although gabapentin has been shown
to be well tolerated and e�ective as an anticonvulsant
when administered to patients with epilepsy for up to
4 years,14 con®rmation of long-term bene®ts in
spasticity will require additional investigation.

This study was not designed to evaluate gabapentin
as monotherapy in the treatment of spasticity. Over
80% of the patients studied were taking at least one
other antispasticity medication, to which they were at
least partially refractory. Thus, the data reported here
should only be taken as evidence supporting the
potential use of gabapentin as adjunctive therapy in
the management of spasticity associated with spinal
cord injury. While the properties of gabapentin make
pharmacokinetic drug interactions unlikely, an addi-
tive or synergistic e�ect is suggested by the anecdotal
observation that addition of gabapentin permitted a
reduction in the dose of other antispasticity drugs.

Gabapentin has been approved in the US as
adjunctive therapy for partial seizures with or without
secondary generalization. This compound (1-[amino-
methyl] cyclohexane acetic acid) was synthesized in an
attempt to create a gamma aminobutyric acid (GABA)
analogue which would penetrate the blood brain
barrier. While it readily penetrates the blood brain
barrier,13 its mechanism of action, which remains
unknown, does not involve a direct interaction with
GABA receptors. Thus, the mechanism(s) by which
gabapentin reduces spasticity following spinal cord
injury are uncertain, and could involve actions in the
spinal cord and/or a direct e�ect on skeletal muscle.
Gabapentin has a discrete binding site in the brain15,16

and appears to increase brain GABA concentrations.17

To our knowledge, no studies of the potential e�ects
of this compound on the spinal cord or motor unit
have been described.

From a clinical perspective, gabapentin has many
advantageous properties. It does not bind plasma
proteins, is not metabolized and does not induce
hepatic enzymes. Absorption is not a�ected by food or
repeated administration. Elimination is almost exclu-
sively via the renal route and drug clearance is
therefore linearly correlated with creatinine clear-
ance.13 The results obtained in the present study,
combined with the very favorable pharmacokinetic

properties and adverse e�ect pro®le of gabapentin,
suggest that this compound could be of signi®cant
clinical utility in the management of spasticity
associated with spinal cord injury.
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