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The treatment of spasticity with D9
-tetrahydrocannabinol in persons

with spinal cord injury
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1REHAB Basel, Centre for Spinal Cord Injury (SCI) and Severe Head Injury (SHI), Basel, Switzerland;
2Nova-Institut, Goldenbergstrasse 2, Hürth, Germany; 3Departement of Clinical Research, University of Bern,
Bern, Switzerland

Study design: Open label study to determine drug dose for a randomized double-blind placebo-
controlled parallel study.
Objectives: To assess the efficacy and side effects of oral D9-tetrahydrocannabinol (THC) and
rectal THC-hemisuccinate (THC-HS) in SCI patients.
Setting: REHAB Basel, Switzerland.
Method: Twenty-five patients with SCI were included in this three-phase study with individual
dose adjustment, each consisting of 6 weeks. Twenty-two participants received oral THC open
label starting with a single dose of 10mg (Phase 1, completed by 15 patients). Eight subjects
received rectal THC-HS (Phase 2, completed by seven patients). In Phase 3, six patients were
treated with oral THC and seven with placebo. Major outcome parameters were the spasticity
sum score (SSS) using the Modified Ashworth Scale (MAS) and self-ratings of spasticity.
Results: Mean daily doses were 31mg with THC and 43mg with THC-HS. Mean SSS for
THC decreased significantly from 16.72 (77.60) at baseline to 8.92 (77.14) on day 43. Similar
improvement was seen with THC-HS. We observed a significant improvement of SSS with
active drug (P¼ 0.001) in the seven subjects who received oral THC in Phase 1 and placebo in
Phase 3. Major reasons for drop out were increase of pain and psychological side effects.
Conclusion: THC is an effective and safe drug in the treatment of spasticity. At least 15–20mg
per day were needed to achieve a therapeutic effect.
Spinal Cord (2007) 45, 551–562; doi:10.1038/sj.sc.3101982; published online 17 October 2006
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Introduction

Preparations of the hemp plant (Cannabis sativa L.)
have a long history in medical treatment of neurological
disorders. The oldest reports of medicinal applications
originate in China and Egypt two thousand years BC.
A traditional Chinese herbal ascribed to the Emperor
Shen-nung who lived in the third millennium BC
recommends the use of cannabis for the treatment of
pain and beriberi, among other indications. As beriberi,
a vitamin deficiency disease of thiamine (vitamin B1), is
accompanied by several neurological symptoms it can be
assumed that cannabis was used to alleviate these
problems.1 In India the Ayurvedic tradition of using
cannabis dates back to early pre-Christian centuries,
its applications including epilepsy, neuralgic pain and
tetanus. Indian hemp found its way into modern western
medicine in the 19th century. Many physicians of the

time including Sir John Russell Reynolds, personal
physician of Queen Victoria, praised the analgesic and
muscle relaxing effects of the drug.2

It was not before the 1960s that the chemical structure
of the main active compound of cannabis, (�)-trans-D9-
tetrahydrocannabinol (THC, dronabinol) was charac-
terized, allowing first clinical studies with exact doses.
Surveys among patients with multiple sclerosis and
spinal cord injury (SCI), who used cannabis to treat
their symptoms,3–6 case reports7,8 and small clinical
studies with dronabinol and other synthetic cannabi-
noids9–13 suggest that cannabis and single cannabinoids
may be useful medicines in spasticity and spasms.

As the detection of an endogenous cannabinoid
system consisting of specific cannabinoid receptors
(CB1 and CB2) and their endogenous ligands, so called
endocannabinoids, in the late 1980s and 1990s our
understanding of the mechanisms of action of THC has
considerably improved.14 THC binds to both CB1 and
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CB2 receptors. Both cannabinoid receptor types are
coupled through inhibiting G proteins, negatively to
adenylate cyclase and positively to mitogen-activated
protein kinase. In addition, CB1 receptors are coupled
to several ion channels. CB1 receptors are found in
particularly high concentrations within the central
nervous system. They are also present in certain
peripheral organs and tissues, including peripheral nerve
terminals.15 Within the central nervous system, the
distribution pattern of CB1 receptors is heterogeneous
and can account for several prominent pharmacological
properties of cannabinoid receptor agonists. For exam-
ple, there is evidence that the basal ganglia are richly
populated with CB1 receptors and that these receptors
mediate the well documented ability of CB1 receptor
agonists to alter motor function.16

Spasticity in SCI is difficult to treat with drugs that
are currently available. In a review by Tarrico et al,17

intrathecal administration of baclofen resulted in a
significant improvement in the Ashworth Scale and
activities of daily living (ADL). Tizanidin resulted in
improved spasticity scores, but did not improve ADL
and side effects (sleepiness, xerostomia) were common.
Other oral drugs (gabapentin, clonidin, diazepam and
oral baclofen) were not shown to be efficacious
compared to placebo. In addition to systemic treatment,
focal treatment for spasticity in those with SCI includes
injections with botulinum toxin and surgical interven-
tions. In many cases treatment results are unsatisfactory,
raising the need for new therapeutic options.

Recent larger placebo-controlled trials investigating
the efficacy of cannabis and THC in spasticity have been
restricted to MS patients.18–22 In contrast to spasticity in
MS, that may be of supra-spinal and spinal origin,
spasticity in patients with SCI is solely based on spinal

lesions. We conducted a double-blind placebo-con-
trolled parallel study (Phase 3) of oral THC (dronabi-
nol, Marinolt) in patients with SCI to investigate its
effects on spasticity of spinal origin (Phase 3). This
double-blind trial was proceeded by an open label dose
finding study with oral THC (Phase 1) and an open label
dose finding study with rectal THC-HS (Phase 2).

Patients and methods

Subjects
Twenty-five patients (two females, 23 males) with
traumatic SCI aged 19–73 years (mean: 42.6 years)
participated in the study (see Table 1). Eleven were
paraplegics, 14 tetraplegics. Participants terminated
taking all spasmolytic medication at least three half-life
periods before enrolling in the study. They had to be free
of illegal drugs, documented with a negative urine drug
screen at baseline. Pregnant subjects or those with severe
somatic and known psychiatric diseases were excluded.
Spasticity without any spasmolytic treatment had to be
Z3 points on the Modified Ashworth Scale (MAS)23 in
at least one muscle group.

Material
Active treatment consisted of oral synthetic THC
(dronabinol, Marinolt) containing either 2.5, 5 or
10mg D9-THC in sesame oil and was delivered by
Solvay (Unimed/Roxane) Pharmaceutical Inc., OH,
USA. Solvay also delivered the placebo capsules
containing only sesame oil. THC-HS suppositories were
delivered by ElSohly Laboratories Inc., Oxford, MS,
USA. THC-HS suppositories contained an equivalent of
5 and 10mg THC.

Table 1 Patients’ characteristics in study phases

Phases Phase 1 open label Phase 2 open label
Phase 3 parallel study randomized
double-blind placebo-controlled

Medication Oral THC
(Marinolt)
capsules

Rectal THC-HS
suppositories

Oral THC or
placebo

N 22 8 13
N 7 Placebo 6 Verum

Patients characteristics
Age: mean (range) 40.9 year (19–73) 48.8 year (32–66) 39.0 year (29–66) 42.8 year (36–48)
Sex: male/female 20/2 8/0 6/1 5/1
Paraplegiaa 11 3 4 4
Tetraplegiab 11 5 3 2
ASIAc (A/B/C/D) 6/4/4/8 1/3/2/2 3/1/0/3 2/0/2/2
Years postinjury 13.3 year (2–29) 15.5 year (5–28) 15.6 year (6–28) 13 year (3–29)
Drop outs 7 1 0 0
Completed phase 15 7 13

aParaplegic patients: levels of injury T4–T11
bTetraplegic patients: levels of injury C4–C6
cASIA (American Spinal Injury Association) Impairment Scale: assessment for defining the extent of SCI of motor and sensory
pathways
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Approvals
The export of the material from the USA has been
approved by the Drug Enforcement Administration
(DEA), and the import to Switzerland by the Swiss
Federal Office of Public Health (BAG permit No. 92).
The Ethics Committee of the University of Basel
approved the study design (protocol No M3/96), which
followed the Helsinki Declaration.

Outcome variables
To assess spasticity the MAS (see Table 2) was
performed consecutively by two independent physicians.
The original scale (0, 1, 1þ , 2, 3, 4) has been recoded
to 0–5. Tests were carried out bilaterally for six joints:
arm abductors/adductors, elbow extensors/flexors, wrist
extensors/flexors, hip extensors/flexors, knee extensors/
flexors, foot extensors/flexors. For every joint, four
values were documented (left/right/examiner 1 and 2).
Spasticity sum score (SSS) was calculated by addition of
all examinations divided by 4. Ergometry was performed
with arm crank Ergoline Cardiovit AT-10/Schiller
(Baar, Switzerland), pulmonary function tests were
performed with a Spirovit SP-10/Schiller (Baar, Switzer-
land). Bladder cystomanometry was examined with
UROSKOP D 3/Siemens (Munich, Germany) and
included the following parameters: first desire to void
(FDV), maximum cystometric capacity (MCC), intra-
vesical pressure (IP), bladder compliance (BC), postvoid
residual urine volume (PVV), volume at first detrusor
contraction (VFC). The functional independence
measure (FIM)24 was used to assess ADL24 and the
Hamilton Rating Scale for Depression (HRSD)25 to
measure mood alterations.

Standardized computerized neuropsychological tests
included the continuous performance test (CPT)26 for
sustained attention and the Deux Barrages (DB)27 test
for selective spatial attention.

For self-ratings of spasticity, pain, attention, mood
and side effects, a seven-point scale from 0 to 6 was
used. For spasticity and pain it was 0¼ no spasticity/
pain, 1¼minimal, 2¼minor, 3¼moderate, 4¼ strong,
5¼ very strong, 6¼ intolerable. Both mood and atten-
tion were scaled as follows: 0¼ very bad, 1¼ bad,
2¼ rather bad, 3¼moderate, 4¼ rather good, 5¼ good,
6¼ very good.

Procedure
Baseline examinations were performed on day 0. On
day 1, patients received either oral THC (Phase 1) or
rectal THC-HS (Phase 2) and were switched medications
after completing the phase they began, including at least
1 week of a washout period. Phase 3 was a randomized,
double-blind, placebo-controlled, parallel study with
oral THC (see Table 3).

Initially we intended to perform a three arm study
with 6 weeks of oral THC (Phase 1), 6 weeks of rectal
THC-HS (Phase 2), followed by a 6 weeks randomized,
double-blind, placebo-controlled crossover trial with
oral THC and rectal THC-HS (Phase 3). Owing to
logistical problems with the import of THC-HS we had
to terminate Phase 2 after seven patients were enrolled.
The design of Phase 3 was also modified from a
crossover to a parallel study.

Most of the study participants were outpatients who
entered the hospital on day 0 for baseline investigations,
stayed there until the evening of day 1 or until day 2.
Dose escalations were usually discussed with the patients
by phone or during unscheduled visits to the hospital.
On days 8 and 43 of each phase participants visited the
hospital for interviews and examinations. Some of the
study subjects were inpatients for longer periods.

Baseline investigation included blood tests (hemo-
gram, CRP, GOT, GPT, g-GT, alkaline phosphatase,
creatine, urea, urea acid, sodium, potassium, urine test,
urine drug screen), pulmonary function test, ergometry,
physical and neurological examinations, bladder cysto-
manometry, neurological and physical examination,
neuropsychological tests, FIM, HRSD (see Table 5).

Table 2 Modified Ashworth Scale

0¼No increase in muscle tone
1¼ Slight increase in tone with a catch and release or minimal

resistance at end of range
2¼As 2 but with minimal resistance through range following

catch
3¼More marked increase tone through ROM
4¼Considerable increase in tone, passive movement difficult
5¼Affected part rigid

Table 3 Study design

Phases Phase 1 open label Phase 2 open label
Phase 3 parallel study randomized double-blind

placebo-controlled

Medication Oral THC (Marinolt) Rectal THC (THC-HS) Oral THC versus placebo
Treatment duration 6 weeks 6 weeks 6 weeks
Day of examination 1a 8b 43c 1a 8b 43c 1a 8b 43c

aFirst day of medication with a single dose of 10mg THC
bIndividual dose adjusted to tolerance of side effects and symptoms of spasticity
cStable individual dose
Wash out period between the phases at least 1 week
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Phase 1 Twenty-two patients received oral THC for 6
weeks. Phase 1 was completed by 15 participants (seven
drop outs) (see Table 4). On day 1, a single dose of
10mg oral THC was administered at 0900 hours after a
standardized breakfast. Investigations of MAS, reflexes,
heart rate and blood pressure were performed at 0900,
1000, 1100, 1300, 1400, 1700 and 1900 hours. On day 2,
a dose titration phase was begun, which was usually
completed after 10–14 days. Dose titration was per-
formed on an individual basis without a fixed scheme
until the maximum tolerated dose or the treatment aim
was achieved. The treatment aim was a maximum
reduction of spasticity and improvement of motor
function, which had to be balanced against the loss of
muscular strength by the medication. Daily doses were
divided into 3–5 doses, the evening dose usually being
higher than the other doses. On day 8, physical,
neurological and neuropsychological examinations were
performed. Spasticity according to the MAS was
measured 2 h after administration of the morning dose.
Mood alterations according to HRSD were examined;

side effects and self-ratings were monitored and dis-
cussed with the patients.

Self-ratings for spasticity, pain, attention, mood, side
effects were documented by the patients on a daily basis
to estimate mean symptom intensity during the proceed-
ing 24 h.

All examinations of day 0 (baseline) were repeated on
day 43 (last day of treatment).

Phase 2 Eight patients received rectal THC-HS for 6
weeks. Phase 2 was completed by seven participants
(one drop out). Two dropped out after completing this
phase. The same procedure as in Phase 1 was applied
with regard to dosing and measurement procedures.
Phase 2 had to be stopped due to logistical problems
with the import of the study medication after finishing
seven patients.

Phase 3 Thirteen patients were included in this
randomized double-blind placebo-controlled parallel
phase. Six patients received oral THC at their individual

Table 4 Procedure

Investigations

Baseline without medication Day 0
and
Day 43

Physical and neurological examination including MAS
Laboratory tests: blood picture, CRP, GOT, GPT, g-GT,
urine test, urine drug test
Cystomanometry
ECG
Stress test (arm crank test)
Pulmonary function test
Neuropsychological tests: Continious Performance Test (CPT),
Deux Barrages Test (DB)
Hamilton Depression Scale (HDRS)
Functional Independence Measure (FIM)
Self-ratings: spasticity, pain, mood, concentration

Phase 1 oral THC Day 1 Baseline MAS
Administration of 10mg oral THC
1h after application MAS
2 h after application MAS
Followed by CPT und DB
4h after application MAS
5 h after application MAS
8 h after application MAS
10 h after application MAS
Self-ratings: spasticity, pain, mood, concentration

Day 8 Two hours after individual morning medication
Physical and neurological examination including MAS
Laboratory tests: blood picture, CRP, GOT, GPT, g-GT, urine test
HDRS
CPT and DB
Self-ratings

Day 43 Two hours after application of oral THC same procedure as in baseline day 0
Phase 2 rectal THC-HS Day 1

Day 8
Day 43

Same procedure as in Phase 1

Phase 3 oral THC versus placebo Day 1
Day 8
Day 43

Same procedure as in Phase 1
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maximum dose determined during the dose escalation
phase of Phases 1, 7 patients received the corresponding
placebo doses. The rhythm of examinations was the
same as in Phases 1 and 2. Blinding and randomi-
zation for Phase 3 was performed by the Institute
of Hospital Pharmacy, University Hospital, Bern,
Switzerland.

Statistical analysis
The following comparisons were made:

(a) intraindividual comparisons of outcomes in patients
within the two open label phases (Phases 1 and 2) at
different times of investigations (comparisons of
baseline values with values under treatment on days
1, 8 and 43),

(b) intraindividual comparisons of outcomes in patients
who received oral THC in Phase 1 and rectal THC-
HS in Phase 2 (five patients),

(c) intraindividual comparisons of outcomes in patients
who received oral THC in Phase 1 and placebo in
Phase 3 (seven patients),

(d) intraindividual comparisons of outcomes in patients
who received oral THC in Phase 1 as well as in Phase
3 (six patients).

We decided not to compare the outcome on the six
patients who received oral THC and the seven patients
who received placebo in Phase 3 because there was a
major difference in baseline scores on the SSS (18.8
versus 11.6). Our analysis was restricted to intraindivi-
dual comparisons within the Phases 1 and 2 (compar-
ison a), between Phases 1 and 2 (comparison b) and
between Phases 1 and 3 (comparisons c and d).

Analysis of variance (ANOVA) with repeated mea-
sures was applied to evaluate the treatment effect
between baseline (day 0) and day 1, 8 and 43 over time.
Individual mean scores for each trial period were
compared using the corresponding contrast of the

Table 5 Detailed information on patients and completed study phases

Age Sex Type

Phase 1 open label oral
THC

Phase 2 open label
rectal THC

Phase 3 Parallel study
r, db, pc*

Reasons for drop out

0 1 8 43 1 8 43 1 8 43

66 m Tetra x x x x x x x x x x
43 m Para x x x x x x x x x x
32 m Tetra x x x x x x x x x x
42 m Para x x x x x x x x x x
42 m Para x x x x (x) (x) (x) F F F Reduced compliance
29 m Para x x x x F F F x x x
43 m Tetra x x x x F F F x x x
31 f Para x x x x F F F x x x
43 m Tetra x x x x F F F x x x
47 m Para x x x x F F F x x x
45 m Para x x x x F F F x x x
29 m Para x x x x F F F x x x
36 f Para x x x x F F F x x x
48 m Tetra x x x x F F F x x x
31 m Tetra x x x x F F F F F F Increased pain
73 m Tetra x x x F F F F F F F Increased pain
29 m Tetra x x x F F F F F F F Anxiety, increased pain
53 m Tetra x x F F F F F F F F No cause
36 m Tetra x x F F F F F F F F Anxiety
40 m Para x x F F F F F F F F Several psychological

adverse effects
43 m Tetra x x F F F F F F F F Decreased attention and

mood
19 m Para x (x) F F F F F F F F Several psychological

adverse effects
51 m Tetra x F F F x x x F F F Apoplexia
63 m Tetra x F F F x x x F F F Pain, decreased compliance
51 m Tetra x F F F (x) (x) F F F F pain

25 22 17 15 8 8 7 13 13 13

x Data complete
(x) Data incomplete
F No data available
ar¼ randomized, db¼ double-blind, pc¼ placebo-controlled
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repeated measure ANOVA or nonparametric Wilcoxon
test (if the sample size was relatively small). Treatments
during the double-blind phase were also compared using
repeated measure ANOVA with phase as within and
patient and treatment as between factors. Relations
between ratings of the two examiners were calculated by
means of Spearman rank correlation. Differences
between scores were evaluated with the Wilcoxon
matched-paired test. Results of all statistical tests were
considered significant at P-values o0.05 and trend at
P-values o0.1. Owing to the multiple interdependencies
of the variables, we did not correct the P-values of these
calculations. Their results therefore have to be consid-
ered as exploratory. All data analyses were performed
with SPSS 10.07 of SPSS Inc., Chicago.

Results

Mean dosage
After dose adaptation the average daily dose of oral
THC was 31mg (range: 15–60mg), the average daily
dose of rectal THC-HS was 43mg (range: 20–60mg).

Analysis of Ashworth scores
Two hours after administration of a single dose of 10mg
oral THC on day 1 (Phase 1, N¼ 15), spasticity was
significantly reduced (Po0.001) (see Table 6). On day 8,
a highly significant reduction of the SSS was seen 2 h
after administration of the THC dose (Po0.001). There
was a significant reduction of spasticity on day 43
(Po0.05). Mean SSS for oral THC decreased by 7.8
points, from 16.72 (77.60) to 8.92 (77.14) from
baseline to day 43.

In Phase 2 (rectal THC-HS, N¼ 7), reduction of
spasticity was significant at all points of investigation
(see Table 6). Mean SSS decreased from 22.71 (711.68)
to 9.21 (79.25) from baseline to day 43.

Seven patients of Phase 1 received a placebo in Phase
3. Spasticity was significantly lower with active treat-
ment in Phase 1 on day 1 after 1, 2, 8 and 10 h after

administration of oral THC in this group compared to
placebo in Phase 3 (see Figure 1). After 1 h mean values
of SSS were 12.00 (76.11) with placebo compared to
7.57 (77.37) with oral THC. The SSS with placebo
showed an increase 1 h after dose administration while it
was reduced with oral THC. Comparing the spasticity
scores during the whole treatment period, they were
reduced on average by 4.89 points with verum compared
to placebo (P¼ 0.001, ANOVA with repeated measures)
(see Figure 2).

There were no significant differences in the spasticity
scores of the five patients who completed both Phases 1
and 2 after oral THC and rectal THC-HS (see Figure 3).

To investigate the intraindividual fluctuation of
spasticity, we compared the baseline spasticity scores
of the 13 patients who underwent both Phases 1 and 3.
There were minimal, nonsignificant differences between

Table 6 Reduction of SSS by oral THC (Phase 1) and rectal
THC-HS (Phase 2) (ANOVA with repeated measures)

Phase 1 open label
oral THC

Phase 2 open label
rectal THC-HS

N¼ 15 N¼ 7

Baseline 16.7 (77.6) 22.7 (711.7)
Day 1 7.8 (77.0)** 9.9 (78.2)*
Day 8 8.9 (76.8)** 12.0 (78.1)*
Day 43 8.9 (77.1)* 9.2 (79.3)*

Day 1: SSS as measured 2 h after a single dose of 10mg oral
THC or 10mg rectal THC-HS
Days 8 and 43: SSS as measured 2 h after administration of
the individual THC doses
*Po0.05 (compared to baseline)
**Po0.001 (compared to baseline)
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Figure 1 SSS on day 1 in patients who received oral THC in
Phase 1 and placebo in Phase 3 (N¼ 7). The asterisk indicates
a significant difference (Po0.05) in the Wilcoxon test
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Figure 2 Course of SSS during the 6 weeks of treatment in
patients who received oral THC in Phase 1 and placebo in
Phase 3 (N¼ 7). There was an overall highly significant
reduction of SSS with oral THC compared to placebo
(P¼ 0.001), (ANOVA with repeated measures)
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the baseline values (15.477.2 versus 14.776.2). There
was a nearly parallel course of the spasticity scores in the
six patients who received oral THC both in Phases 1 and
3 (see Figure 4). The observed difference of a higher SSS
on day 1 in Phase 3 was due to a single subject who
presented with an extensor spasticity, which had a
strong subjective component.

To examine the reliability of the MAS and the
performance of the two assessing physicians, all baseline
values of all patients (N¼ 22) were compared. There was
a highly significant correlation in the assessments
produced by the two examiners (P¼ 0.001, correlation
coefficient: 0.94). Mean SSS was 1.3 points lower in
physician 2 during the whole study.

Self-rating of spasticity
Self-ratings were compared in seven patients who
received oral THC in Phase 1 and placebo in Phase 3
(see Figure 5). Baseline ratings were almost identical (3.9
versus 3.7 points). On day 1, spasticity was perceived as
minor (1.9 points) with oral THC and as strong and
unaltered (3.7 points) with placebo (P¼ 0.033, Wilcoxon
test). On days 8 and 43, there were no significant
differences between the values with oral THC and
placebo. There were no significant differences in self-
ratings of spasticity between Phases 1 and 3 in patients
who received oral THC in both phases (data not
presented).

Self-ratings of pain, mood and attention
Patients of Phase 1 perceived a significant reduction of
pain with oral THC on day 1 compared to baseline
(P¼ 0.047). However, there was no significant reduction
of pain compared to placebo on day 8 and day 43. There
were no significant differences in mood and attention
between oral THC and placebo, nor between baseline
values and values on treatment days. However, there
was a trend (P¼ 0.066) to a worsened attention with
oral THC compared to placebo on treatment day 1, but
this trend disappeared despite continued treatment.

Bladder cystomanometry
Data were available for 12 patients who received oral
THC in Phases 1 and 6 patients with rectal THC-HS in
Phase 2. Four patients could not be included due to
bladder pacemaker, ileum conduit, permanent catheter-
ization and one refusal. All patients presented with an
upper motor neuron bladder (UMNB). Half of the
patients of Phase 1 showed an increase and half a
decrease of MCC. So there were no significant changes
compared to baseline in this subgroup. Of the six
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Figure 4 Course of SSS during the 6 weeks of treatment in
patients who received oral THC in Phases 1 and 3 (N¼ 6).
There was an overall highly significant reduction of SSS with
oral THC compared to baseline in both phases (P¼ 0.001),
(ANOVA with repeated measures)
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Figure 3 Course of SSS in patients who received both oral
THC in Phase 1 and rectal THC-HS in Phase 2 (N¼ 5). No
significant differences were observed between oral THC and
rectal THC-HS. Asterisks indicate differences compared to
baseline, one asterisk a level of significance of Po0.05, two
asterisks a level of Po0.01 (ANOVA)
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Figure 5 Self-rating of spasticity by patients who received
oral THC (dronabinol) in Phase 1 and placebo in Phase 3
(N¼ 7). The asterisk indicates a significant difference of
Po0.05 between Phases 1 and 3 on day 1 (Wilcoxon, matched
paired test)
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patients who received rectal THC-HS, five showed an
increase and one a decrease in MCC, resulting in a trend
for improved MCC in patients of Phase 2 (P¼ 0.075).
There were no significant changes or trends in other
parameters.

Pulmometry, ergometry
After 6 weeks of treatment with oral THC, 13 patients of
Phase 1 showed a significant improvement of vital
capacity from 65 to 71% of the nominal value
(P¼ 0.028). Results from two patients could not be
evaluated. Seven patients who received the placebo in
Phase 3 also had a significant improvement in their vital
capacity from 71 to 78%; thus, the improvement in
pulmonary function could not be interpreted as a
treatment effect.

Five of the seven patients who received oral THC
in Phase 1 and placebo in Phase 3 were available for
analysis of their arm crank test. Two of the participants
could not be included due to poor motor function of
their hands. No significant improvement in physical
work capacity and no alterations of the ECG were seen.
With oral THC, maximum systolic blood pressure
decreased from 146 at baseline to 140mmHg (�4%)
after 6 weeks of treatment, while it increased with
placebo from 146 to 159mmHg (þ 9%). Differences
between the values after 6 weeks of treatment were
marginally significant in the Wilcoxon test (P¼ 0.04).

Hamilton depression scale
No significant differences were observed between base-
line, placebo and active treatment in all groups.

Neuropsychological tests
Five of the seven patients who received oral THC in
Phase 1 and placebo in Phase 3 were available for
analysis. Two persons with tetraplegia could not per-
form the tests because of compromised motor function
of their hands. There were no differences in the
Continuous CPT between active treatment and placebo,
demonstrating that attention and sustained attention
were unaffected by THC. In the Divided Attention Test,
reaction time decreased both with THC and placebo
during the 6 weeks of treatment, possibly due to a
training effect. However, reaction time with active
treatment was worse compared to placebo on day 43
(P¼ 0.043). In the DB test, the number of correct marks
increased during the 6 weeks with both oral THC and
placebo. On day 1, there were significantly more correct
marks with THC, but also more omissions (P¼ 0.043).
As with the other neuropsychological tests we observed
a training effect in both Phases 1 and 3 in the DB test.

Laboratory findings
All parameters were stable with the exception of a
transient mild increase of liver transaminases in one

patient, who received oral THC. Urine drug screen at
baseline was negative in all subjects.

Functional independence measure
No significant changes were found in ADL functions.
Still, there was some benefit for some patients. For
example, one tetraplegic could perform self-catheteriza-
tion for the first time in several years due to an improved
motor coordination of his hands.

Side effects
While four patients (18%) noted pain relief, five subjects
(23%) reported pain augmentation and four of them
dropped out (see Table 7). Thus, the increase in pain was
one of the major reasons for dropping out. Xerostomia
was reported by seven patients (32%), sleepiness by
eight patients (36%) and anxiety by seven patients
(32%).

Discussion

Both oral THC (dronabinol, Marinolt) and rectal
THC-HS proved to reduce spasticity in spinal cord
injured patients in our study. Maximum effects follow-
ing a single dose of 10mg oral THC administered on day
1 were noted between 1 and 5 h after drug administra-
tion. In contrast to several other trials in SCI and MS
patients, which found no or minor effects on objective
spasticity measures,18,20,21,28 there were significant dif-
ferences between placebo and verum as well as between
baseline and treatment values in the SSS.

From previous research on the bioavailability of
rectal THC-HS compared to oral THC, we expected
considerably lower maximum doses for the rectal
administration. Brenneisen et al13 determined an almost
doubled bioavailability of rectal THC-HS compared
to oral THC. However, in our study the mean daily
tolerated doses for oral THC of 31mg, which was
somewhat lower than for rectal THC-HS (mean: 43mg).

Table 7 Self-report of physiological and psychological side
effects at the end of oral THC in Phase 1 (N¼ 22, including
drop outs)

Adverse physiological
effects %

Adverse
psychological
effects %

Dry mouth 32 Sleepiness 36
Increase of pain 23 Anxiety 32
Unpleasant body
sensations

14 Disturbance of
attention

27

Impaired vision 9 Dizziness 23
Feeling of paralysis 9 Worsened mood 9
Adynamia 5 Loss of control 9
Increase of spasticity 5 Disturbance of

perception
5
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Possibly, the physical loss of the medication in patients
with anal sphincter incontinence was the reason for the
comparatively high rectal THC-HS doses observed in
our study.

There may be three major reasons for a significant
influence of THC on objective measures of spasticity in
our study compared to previous reports: (1) individual
dose titration, (2) comparatively high daily THC doses
and (3) discontinuation of antispastic medication before
inclusion into the study.

Many earlier studies used low and sometimes fixed
doses of THC that may have been an important reason
for lack of efficacy. Killestein et al28 applied a capsulated
cannabis extract and oral dronabinol to 16 MS patients
with maximum daily doses of 2� 5mg. No differences
in spasticity scores were found compared to placebo.
Ungerleider et al10 in his study with 13 MS patients
found that at least single doses of 7.5mg oral THC were
necessary to achieve a significant reduction in spasticity.
As there is a low margin between sought after
therapeutic effects and psychological side effects, and
because there is a high interindividual variability in
susceptibility to THC, a flexible design with individually
adjusted doses and dosing intervals is required to get
optimum results in the treatment of spasticity.29

Pertwee29 suggested starting with at least 2.5 or 5mg
oral THC twice daily. Even higher single doses may be
tolerated at the beginning of a study. Brenneisen et al13

treated two patients with 10–15mg of oral THC without
causing relevant side effects. The interindividual varia-
bility of THC effects is appreciated for several indica-
tions. In a study by Clifford,30 two of eight MS patients
with severe tremor showed objective improvement, one
with a single dose of 5mg oral THC, the other with a
single dose of 15mg THC, 5 and 10mg being completely
ineffective in this patient.

Daily doses in recent studies on spasticity in MS
and SCI varied between 5 and 10mg oral THC,28

10–25mg,19 15–30mg21 and 2.5–120mg,28 underlining
the high interindividual variability. In our study, we
determined comparatively high tolerated daily doses of
15–60mg for oral THC, the mean dose being 31mg
compared to average daily doses of 0.46mg THC/kg
body weight. In addition to interindividual variability,
susceptibility to THC may vary in different patients’
groups. Helwig et al31 determined a maximum daily
dose of 0.15mg THC/kg body weight in advanced
cancer patients. However, higher doses may be tolerated
by some subjects in this patients’ group.

In contrast to many other studies, in which previous
medication was continued,19,21,32 participants in our
investigation had to stop their antispastic drugs before
inclusion in the study. Thus, we were able to compare
oral THC with placebo without interference due to
interaction effects with other medications. The benefit
of discontinuing other medications for the treatment
of spasticity is twofold. First, it is much more difficult
to achieve additional measurable therapeutic effects if
antispastic medication is continued. As side effects of
THC and other antispastic medication may be additive,

for example, sedation and dizziness with baclofen
and benzodiazepines, it may also be more difficult to
achieve higher doses if concomitant medication is
administered.

The Ashworth Scale was shown to be a reliable tool
for the measurement of spasticity, as proven in our
study by the high correlation between the spasticity
scores determined by the two examiners. However, the
Ashworth Scale may not be sensitive enough to reveal
small changes. Several studies did not find objective
changes in spasticity but subjective improvement.
Spasticity is a very complex phenomenon, with con-
tributions from patient symptoms, physical functioning
and psychological impact.33 The validity of the Ash-
worth Scale has been questioned since it is a rather
rough measure and may not include all relevant aspects
of spasticity. Shakespeare et al18 suggested that sensi-
tive, validated spasticity measures need to be developed.
It is unclear why there were no subjective improvements
in spasticity with oral THC compared to placebo at the
end of the study period, while there was a significant
difference on the first treatment day. A possible reason
may be a habituation to the improved state that was no
longer perceived as an improvement or tolerance to the
treatment effects may have developed. However, the
second explanation seems unlikely since the develop-
ment of tolerance should also have been detected in the
spasticity scores over the study.

The exact mechanism of the antispastic effects of
THC is not known. In spasticity there is increased
activity of alpha motoneurons and excitatory interneur-
ons, and decreased activity of inhibitory interneurons.34

This results in facilitation of excitatory glutamate
neurons, and inhibition of inhibitory GABA neurons.35

A separate ceruleus–spinal projection also modulates
the activity of spinal motoneurons via a noradrenergic
mechanism.35 Besides spasticity, flexor and extensor
spasms, clonus and ataxia, as well as acute, chronic and
paroxysmal pains are often features of MS and SCI.

There are many reports indicating that CB1 receptor
agonists enhance GABA function in the brain.36 It is
generally accepted that CB1 receptor agonists reduce
transmitter release, via decreasing calcium-channel
conductance, decreasing action potential generation
and via increasing potassium-channel conductance.15

Also, CB1 receptor agonists have been found to inhibit
presynaptic glutamic acid release. In animal models of
MS, CB1 receptor agonists improved specific signs of
spasticity and tremor, while a CB1 receptor antagonist
not only reversed the effects of agonists but adminis-
tered alone caused an exacerbation of both symptoms,
indicating that the endocannabinoid system is tonically
active.37

The strength of our study results is limited by the
small number of subjects eligible for analyses. Owing to
logistical problems, we had to modify the study design.
Originally, we intended to conduct a double-blind
crossover study in Phase 3 after finishing two open
label phases with oral and rectal THC-HS. Fortunately,
the baseline spasticity scores in Phases 1 and 3 had a
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similar level, which allowed us to make intraindividual
comparisons between the spasticity scores following the
administration of oral THC and placebo. The changes
in the Ashworth Scale were so impressive that, even with
the low number of patients, there was a highly
significant difference between verum and placebo. There
is a limited amount of data available on THC effects on
spasticity in SCI. Most of studies have studied the effects
of THC in MS patients. Our results support previous
investigations with SCI patients.11,13,38 Maurer et al11

found significant effects of 5mg oral THC in one SCI
patient on sleep, pain and spasticity. Brenneisen et al13

observed improvements in joint function and mobility in
two spastic patients, one with MS and one with SCI
following 10–15mg oral THC. Wade et al38 included
subjects with different ailments in his pilot study (MS,
SCI, brachial plexus convulsion) and found improve-
ments in pain and spasticity.

A problem that is difficult to treat in MS and SCI
patients is lower urinary tract symptoms or hyper-
reflexive bladder. Anecdotal reports suggest that
cannabinoids may alleviate bladder dysfunction,5,6,39

conducted an open trial with cannabis and THC in 21
patients with advanced MS and refractory lower urinary
tract symptoms. Urinary urgency, the number and
volume of incontinence episodes, frequency and nocturia
all decreased significantly following treatment.39 In our
study, we only observed minor effects that may have
occurred by chance alone – that is, a trend for increased
MCC in patients receiving rectal THC-HS. Some
participants experienced subjective improvement of
micturition.

For a considerable number of patients, psychological
side effects are a major problem in the treatment with
high doses of THC. Müller-Vahl et al40 found no
significant side effects on neuropsychological perfor-
mance of single dose of oral THC at 5.0–10.0mg in 12
patients with Tourette’s syndrome. There were no
significant differences after treatment with verum
compared to placebo in verbal and visual memory,
reaction time, intelligence, sustained attention, divided
attention, vigilance or mood. In our study, several
participants dropped out due to anxiety and other
psychological problems, but those who completed at
least one phase showed remarkably low impairment in
the applied neuropsychological test battery. Thus, THC
may be a very effective antispastic agent for that
proportion of patients who tolerate comparatively high
doses. No subjects dropped out due to lack of drug
efficacy.

An unusual observation, in contrast to previous trials,
was the increase of pain in five participants compared to
a decrease in four subjects. Neuropathic pain may be an
important indication for the treatment with THC and
cannabis. There are several reports of pain reduction
in MS by THC19,41,42 and cannabis,38,19 in central
neuropathic pain from brachial plexus avulsion43 and in
neuropathic pain in HIV positives.44 However, Attal
et al45 were not able to confirm the efficacy of THC in
chronic refractory neuropathic pain in an open study

with eight patients who received daily doses of up to
25mg dronabinol. In healthy subjects, increase in pain
intensity is a common observation. Clark et al46 found
hyperalgesic effects with cannabis after thermal stimuli
in 16 regular cannabis users. Hill et al47 made similar
observations following an electrical stimulus. Naef
et al48 used heat, cold, pressure, single and repeated
transcutaneous electrical stimulation to investigate the
analgesic effects of oral THC in 12 healthy subjects. The
cannabinoid did not significantly reduce pain. In the
cold and heat tests it even produced hyperalgesia. Raft
et al49 treated eight subjects who underwent tooth
extractions with intravenous THC (0.022 and 0.044mg/
kg body weight). Two experienced analgesia, the other
six hyperalgesia. To our knowledge, there is only one
clinical study with cannabinoids in chronic pain patients
that found increased pain perception.50 Jochimsen
et al50 conducted a double-blind, 5-way crossover
designed study with placebo, two doses of codeine
sulfate (60 and 120mg), and two doses of benzopyr-
anoperidine (2 and 4mg), a synthetic derivative of THC
with 35 patients who required analgesics for chronic
pain due to malignancies. The cannabinoid appeared to
augment pain. Our study with SCI patients confirms
that cannabinoid receptor agonists may cause hyper-
algesia in some pain patients.

Conclusion and recommendations
THC may be a useful drug in the treatment of spasticity
in patients with SCI. In particular, patients with
tetraplegia who present with decreased pulmonary
function may benefit from a medication with a
cannabinoid because it will not depress respiration.51

However, many patients may not tolerate the doses
needed. Comparatively high doses of at least 15–20mg
of the drug were required in our study to achieve a
therapeutic effect. As tolerance to the psychological
effects shows a high interindividual variability, this is
one of the major limiting factors and makes the
cannabinoid unsuitable for a number of patients. To
our surprise, not only anxiety, but also augmentation of
pain was an important reason for a drop out. We
recommend starting with low doses with subsequent
slow dose escalation over days or weeks to find the
appropriate individual dosage and to minimize the
occurrence of adverse events. For some patients our
entrance dosage of a single dose of 10mg oral THC may
have been too high, and necessitate starting with a lower
dose. Psychological side effects may decrease in the
course of a treatment with THC, as tolerance develops.
The systemic bioavailability of rectal THC-HS is about
twice as high as that of oral THC. However, there may
be no advantage of the rectal preparation due to the
physical loss and lack of availability of the medication
due to anal sphincter incontinence. Further clinical
studies are needed to define the role of THC in the
treatment of spasticity in SCI. THC should not only be
compared to placebo, but it should also be evaluated
against established antispastic medications.
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