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The effect of cannabis oil on reducing spasticity after spinal cord injury

Researchers wanted to test whether a cannabis oil containing equal parts THC and CBD 
could help reduce spasticity in people with long-term spinal cord injuries. Previous 
research suggested cannabinoids might help, but this specific type of natural oil had 
not been adequately tested yet. The study involved 16 patients with chronic spinal cord 
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Abstract
Background: Previous studies demonstrated that cannabinoids may reduce spasticity in 
patients with spinal cord injury (SCI); however, the effect of naturally extracted THC:CBD oil, 
the most commonly used naturally extracted cannabinoids, has yet to be elucidated.
Objectives: To assess the effect of a 1:1 THC:CBD oil on reducing spasticity in chronic SCI 
patients
Design: A single-center, placebo-controlled, double-blind crossover clinical trial.
Methods: Sixteen chronic SCI patients with intractable spasticity were randomly assigned to 
either the intervention (1:1 THC:CBD oil) or control (placebo) phase for 1 month, then crossed 
over. The primary outcome (combined Ashworth Scale [AS] of all involved muscle groups) and 
the secondary outcomes, including patient-rated visual analog scale (VAS) of spasticity, were 
assessed before and after both phases and analyzed using a multilevel mixed-effects model.
Results: All participants completed the study. The average (SD) dose of THC:CBD oil was 11.6 
(1.3) mg. No significant difference in the total AS score for all involved muscle groups was 
found between the pre- and post-treatment phases, or between the experimental and control 
phases (all p > 0.05). A significant reduction was observed in the patient rating VAS (effect 
size = −13.9 [95% CI: −25.5 to −2.3; p = 0.010).
Conclusion: In people with chronic SCI who had intractable spasticity, there was no 
statistically significant effect of 1:1 THC:CBD oil on spasticity-related outcomes, except for 
patient rating VAS reduction. Further studies are needed to evaluate the efficacy of higher 
doses of THC (>12 mg/day) and to use patient-reported spasticity scores as the primary 
outcome measure.
Trial registration: The study was registered with the Thai Clinical Trials Registry (TCTR 
identification number: TCTR20220329001).
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injuries who had severe, difficult-to-treat spasticity. In a carefully controlled experiment, 
each patient received either the THC:CBD oil or a placebo for one month, then switched 
to the other treatment for another month. Neither the patients nor the researchers knew 
which treatment was real during the study. The researchers measured spasticity using 
two methods: a clinical test performed by doctors and a patient's own pain rating scale. 
When physicians measured muscle stiffness using clinical tests, there was no meaningful 
difference between the THC:CBD oil and the placebo. However, patients who took the oil 
reported that their spasticity felt somewhat better compared to placebo, with an average 
improvement score of about 14 points on a 100-point spasticity scale. The average dose 
used was about 11.6 mg of the oil per day. The study suggests that this particular dose of 
THC:CBD oil may not significantly improve spasticity in the way doctors can objectively 
measure it. However, patients felt relief, which is important. The researchers note that 
higher doses might be more effective and recommend that future studies focus more on 
what patients themselves report rather than just on clinical measurements.

Keywords:  cannabidiol, cannabinoids, spasticity, spinal cord injury, tetrahydrocannabinol
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Introduction
Spasticity is one of the most common secondary 
conditions following spinal cord injury (SCI), as 
78% of people with chronic SCI reported spastic-
ity problems.1 In people with SCI where spastic-
ity is involved in several muscle groups, the 
treatment of choice should focus on oral medica-
tions, including baclofen and tizanidine.2 
However, 41% of people with chronic SCI still 
reported intractable spasticity, indicated by per-
sisting spasticity despite administering maximum 
dosage or inability to tolerate the adverse events 
of medications.2 Intractable spasticity decreases 
function (e.g., ability to perform activities of daily 
living), creates difficulties for caregivers, and 
reduces the quality of life of people living with 
chronic SCI.2 Therefore, studies aiming to 
explore novel antispastic medication as a treat-
ment option for treating spasticity in people with 
SCI are needed.

Previous evidence demonstrated the use of can-
nabinoids for treating spasticity following SCI. 
For example, a study demonstrated that oral 
nabilone, which is a synthetic cannabinoid of 
Delta-9-tetrahydrocannabinol (THC), could sig-
nificantly attenuate spasticity in people with 
chronic SCI.3 Another study reported that dron-
abinol, a phytocannabinoid predominantly con-
taining THC, could significantly reduce spasticity 

in people with chronic SCI.4 However, these two 
studies similarly reported the incidence of serious 
adverse events, including increased pain, anxiety, 
decreased attention and mood, resulting in 
numerous drop-out participants. On the other 
hand, evidence demonstrating the effect of CBD 
on reducing spasticity is presented in patients 
with multiple sclerosis (MS).5 Therefore, the 
medical cannabis treatment recommended in the 
UK and Europe for multiple sclerosis is Sativex®, 
which is a 1:1 CBD:THC oromucosal spray 
because CBD alone was found to be ineffective.6,7 
Compared with THC, CBD has lower psychoac-
tive properties (not causing high emotion and not 
addictive) and may have additional beneficial 
effects such as improving mental health concerns 
and preventing oxidative damage, as well as pre-
venting adverse events from THC.8 Therefore, it 
should be hypothesized that the combined THC 
and CBD cannabinoids should reduce spasticity 
in those with SCI and cause low psychiatric 
adverse events, although evidence has yet to be 
explored.

As Sativex® has not been legally registered in 
Thailand, whereas cannabinoids are increasingly 
used for medical purposes after it has been  
medically legal in Thailand, the Government 
Pharmaceutical Organisation of Thailand then 
manufactured many forms of cannabinoid drugs, 
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including high THC, high cannabidiol (CBD), 
and 1:1 THC:CBD form. This study aimed to 
evaluate the effect of naturally extracted 1:1 
THC:CBD oil on reducing spasticity in people 
with chronic SCI who have generalized refractory 
spasticity. We hypothesized that the naturally 
extracted 1:1 THC:CBD oil used in this study 
can reduce spasticity better than a placebo.

Methods

Study design
This study was a single-center, placebo-con-
trolled, double-blind (patients, investigators–
including treatment providers, assessors, and 
analyzers) crossover pilot clinical trial. We used 
the crossover design since it can equalize baseline 
characteristics and severity of spasticity between 
the comparison groups, thereby preventing the 
risk of selection bias. Each patient with SCI has 
differential characteristics that could potentially 
confound the treatment effect.9 Also, the crosso-
ver design can reduce the sample size of the study 
as the SCI population is relatively rare, which 
affects the recruitment process. All research activ-
ities were conducted at the Department of 
Rehabilitation Medicine, Faculty of Medicine, 
Chiang Mai University, Chiang Mai, Thailand, 
from May 2022 to December 2024.

Ethical consideration and trial registration
The study was approved by the Ethical Committee 
of the Faculty of Medicine, Chiang Mai University, 
in compliance with the Declaration of Helsinki 
(Study ID: REH 2564 08541, obtained date 21 
December 2021). The study was registered with 
the Thai Clinical Trials Registry (TCTR identifi-
cation number: TCTR20220329001). All partici-
pants provided written informed consent to 
participate in this study and to publish results that 
include their deidentified data.

Study protocol
The summarized protocol is shown in Figure 1. 
After giving informed consent, 16 individuals  
with chronic SCI who have intractable spasticity 
were admitted. The participants were randomly 
assigned to either the intervention group or the 
control group. Participants would receive pre-
treatment-1 evaluation for determining baseline 
characteristics and the severity of spasticity, 
including the sum AS of all affected muscle groups 
as a primary outcome. After the pre-treatment-1 
evaluation, participants in the intervention group 
would receive the 1:1 THC:CBD oil, whereas the 
participants in the control group would receive the 
placebo, adding on to their current spasticity treat-
ment, for 4 weeks (1 week for titration plus 3 weeks 
for maintenance). Then, participants would be 

Figure 1.  The summarized protocol.
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evaluated for a post-treatment-1 assessment. After 
that, the investigated drug was stopped for 2 weeks 
as a washout period. After finishing the washout 
period, participants were crossed over, that is, 
those who were in the intervention group in the 
first phase would be in the control group, and vice 
versa. Urine cannabinoids were evaluated to con-
firm that there was no carry-over effect. The par-
ticipants were evaluated for the pre-treatment-2 
assessment, which was similar to the pre-treat-
ment-1 assessment. The second treatment period 
also consisted of 4 weeks. After completing the 
treatment protocol of 4 weeks, the post-treat-
ment-2 assessment evaluation was conducted. 
Comparisons of outcomes between the two, that 
is, the intervention and control periods, were ana-
lyzed to determine the efficacy and safety of 1:1 
THC:CBD oil using inferential statistics. The 
titration protocol and the safety control of this 
study were presented in Supplemental Data.

Randomization, allocation concealment,  
and blinding methods
Computer-generated simple randomization was 
used as a sequence generation method. Allocation 
concealment was performed using a password-
secured randomization table and was only acces-
sible to a research assistant who was not responsible 
for treatment administration, outcome assess-
ment, and statistical analysis. The treatment allo-
cation was blinded to the patients, investigators, 
assessors, and analyzers by limiting access to the 
allocation sequence and assignment.

Participants
The inclusion criteria of this study were: (1) being 
diagnosed with SCI from traumatic or degenera-
tive spinal etiology with any level and severity of 
injury; (2) onset of injury more than or equal to 1 
year; (3) age between 20 and 65 years; (4) having 
intractable systemic spasticity (AS ⩾ 2 despite 
receiving maximum tolerable oral antispastic 
drugs). The full exclusion criteria are listed in the 
Supplemental Data, which include: (1) a history 
of having comorbidities (pregnancy and lactation, 
cardiovascular, neurological other than SCI, liver, 
kidney, and psychiatric diseases), laboratory 
results (AST or ALT > 3 times than upper nor-
mal limits, creatinine clearance less than or equal 
to 20 mL/min, cytopenia) and currently using the 
medication that are potentially harmful for using 

cannabinoids, including carbamazepine, pheny-
toin, fluoxetine, valproic acid. Participants who 
currently use cannabinoids (positive urine can-
nabinoid screening test), have a history of allergy 
to cannabis or cannabinoids, or have a history of 
allergy to sesame, an ingredient of the oil, would 
be excluded.

Interventions and comparisons
The 1:1 THC:CBD oil used in this study was 
provided by the Government Pharmaceutical 
Organization of Thailand (GPO). Our THC:CBD 
oil was extracted using a cold extraction method 
with alcohol as the solvent to prevent a synergis-
tic effect from other solvents, such as terpenes. 
This oil contains THC for 27 mg/ml or 1 mg/drop 
and CBD for 25 mg/ml or 1 mg/drop. The pla-
cebo was prepared by the GPO. It had a similar 
smell to the 1:1 THC:CBD oil without any active 
ingredient. As the study aims to assess the effect 
of 1:1 THC:CBD oil as an additional treatment 
for participants with intractable spasticity, there 
will be no adjustment to previously used anti-
spastic drugs; that is, all participants will con-
tinue their spasticity medications throughout the 
trial without any adjustments. The names of all 
concomitant medications were collected. During 
each treatment period, participants would attend 
standard physical and occupational therapy for 
controlling spasticity, including a range of motion 
exercise, stretching exercise, and tilt table posi-
tioning, at least 1 h a day, 5 days a week.

Outcome assessment
All outcomes for all participants were assessed by 
SP and NB, who were trained with the same 
standard, and each participant was assessed by 
one assessor.

Ashworth scale
The primary outcome of this study is the summa-
tion of the Ashworth Scale (AS) of all affected 
muscle groups. The Ashworth Scale is the most 
common approach to evaluating the level of spas-
ticity in research.8 The scale grades resistance to 
rapid passive movement across a relaxed joint on 
an ordinal scale of: 0 (no increase in tone); 1 
(slight increase in tone giving a catch when the 
limb is moved); 2 (more marked increase in tone, 
but limb easily flexed); 3 (considerable increase in 
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tone, passive movement difficult); and 4 (limb 
rigid in flexion or extension proposed).10 Although 
the Modified Ashworth Scale (MAS), another 
version of the scale, is used clinically, it is not rou-
tinely used in research because there is a 1+ 
score, which prevents the summation.11

The summation of the AS was bilaterally assessed 
only in muscle groups that had spasticity (both 
upper and lower extremity muscles in tetraplegia 
and only lower extremity muscles in paraplegia).4 
Details of all muscle groups are presented in 
Supplemental Data.

Spasm frequency scale (SFS)
The SFS testing was conducted by asking sub-
jects to complete the Spasm Frequency Index 
pre- and post-treatment. The scales include grade 
0 (no spasm); grade 1 (1 spasm/day); grade 2 (2-5 
spasms/day); grade 3 (6–9 spasms/day); and grade 
4 (⩾10 spasms/day).12

Patient and physician rating VAS for spasticity
Spasticity was rated by the patient and physi-
cian using a visual analog scale of 0–100 (VAS 
0-100).4 These measurements provided patients 
and physicians with subjective dimensions of 
spasticity.

The amplitude of the H/M ratio from  
the H-reflex
Neuronal excitability by assessing the H/M ratio 
of amplitude during nerve conduction study, 
which was used as surrogate evidence according 
to the evidence that H-reflex will be reduced after 
baclofen treatment in MS patients.10 H-reflex 
testing was performed using a modification of  
the technique described by Little and Halar13 
(Supplemental Data). The maximum H-reflex 
amplitude and M-response were recorded, then 
the H/M ratio was calculated.10

Safety outcomes
The overall, serious, and non-serious adverse 
events would be collected, and the incidence rate 
would be calculated in both per-group and per-
individual fashion.

Sample size calculation
Since no study has demonstrated the effect of this 
drug, the sample size was estimated based on the 
effect size from a previous study with nabilone.4. 
The primary outcome of this study was the summa-
tion of AS after treatment; the sample size was cal-
culated by using the formula for comparing the 
means of the outcome between the two groups. 
When applying a formula for calculating the sample 
size in a crossover study14 and substituting the vari-
ables =0.05, =0.2, allowable difference = 2.55,4, 
population variance = 1.525,4, and superiority 
margin = 2, the calculated sample size is 16.

Statistical analysis
All statistical analyses were performed using 
STATA version 17.0 (StataCorp, 2021. Stata 
Statistical Software: Release 18. College Station, 
TX, USA: StataCorp LP). All analyses were con-
ducted using complete case analysis, that is, no 
imputation was performed. A one-tailed p-value 
was adjusted from the calculated two-tailed p-value 
from the previously described criteria.15 A p-value 
of less than 0.05 was considered statistically signifi-
cant. The magnitude of the effect size on the sum 
AS score was determined using Cohen’s d (mean 
difference divided by pooled SD).15

For inferential analysis of spasticity outcome vari-
ables, differences within the group and between 
groups were compared using the Wilcoxon 
signed-rank test (crude differences) and multi-
level mixed-effect model method with repeated 
measures (adjusted for differences in each patient) 
and adjusted for pre-treatment sum AS score. For 
inferential analysis of the categorical outcomes, 
that is, the adverse event incidence, the difference 
between groups was determined using the 
McNemar test for the level of statistical signifi-
cance and risk ratio (RR) for direction and 
strength of the association.

Results

Participants recruitment
Figure 2 demonstrates a study flow according to 
the Consolidated Standards of Reporting Trials 
(CONSORT) diagram.16 Sixteen participants 
(5% of patients in the database, 44% of the  
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contacted individuals, and 70% of the assessed 
individuals) were included in the study.

Baseline characteristics of the participants
Table 1 demonstrates the characteristics of all 16 
participants. The mean (SD) age was 41.4 (12.0) 
years. Fifteen participants were male (94%). The 
mean (SD) time since SCI was 5.1 (5.1) years. 
Most participants lived with tetraplegia (n = 10, 
62.5%) and had an incomplete SCI (n = 9, 
56.2%). No participant had used cannabis or 
cannabinoid-containing substances before. All 
participants had received the maximal tolerable 
dosage of baclofen (n = 16, 100%) and tizanidine 
(n = 13, 81.3%) but still had intractable spastic-
ity, indicated by having AS of the most affected 
muscle group of more than or equal to 2. 
According to the severity of spasticity, the mean 
(SD) initial AS of all affected muscle groups of 
the participants was 2.8 (0.7). Six participants 

had the maximum AS of 2, eight participants had 
the maximum AS of 3, and 2 participants had the 
maximum AS of 4. The mean (SD) summation of 
AS was 21 (8.8).

Feasibility of the protocol
All 16 participants completed the protocols of 
the intervention and control phase without 
withdrawal. The mean (SD) dosage of 1:1 
THC:CBD oil used in the intervention group 
was 11.75 (1.0) per day. Fifteen participants 
received the maximum dosage of THC indi-
cated in the protocol (12 mg/day), whereas one 
participant received the maximum dosage of 
THC at 8 mg/day, since the therapeutic effect 
(AS < 2) had been reached on that dosage. The 
protocol was delayed two times, both in the 
intervention phase, due to non-serious adverse 
events (one event of hypotension and one event 
of bradycardia).

Figure 2.  The Consolidated Standards of Reporting Trials (CONSORT) diagram.
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Table 1.  Baseline characteristics of the participants (n = 16).

Characteristics Values

Age (year) [Mean (SD)] 41.4 (12.0)

Time since SCI (year) [Mean (SD)] 5.1 (5.1)

Time since SCI (year) [Median (25th, 75th percentile)] 2.0 (2.0, 9.0)

Sex [n (%)]

  Male 15 (93.7)

  Female 1 (6.3)

Level of SCI [n (%)]

  Tetraplegia 10 (62.5)

  Paraplegia 6 (37.5)

Completeness of SCI [n (%)]

  Complete 7 (43.8)

  Incomplete 9 (56.2)

ASIA Impairment Scale (AIS) [n (%)]

  A 7 (43.8)

  B 3 (19.8)

  C 4 (25.0)

  D 2 (13.4)

Medications [n (%)]

  Baclofen 16 (100.0)

  Tizanidine 13 (81.0)

  Others 0 (0.0)

History of using cannabinoids [n (%)]

  Yes 0 (0.0)

  No 16 (100.0)

Initial spasticity parameters [Mean (SD)]

Initial maximum AS 2.8 (0.7)

Initial summation of AS 21 (8.8)

Initial SFS 2.9 (0.8)

Initial Physician rating VAS 68.8 (18.3)

Initial Patient rating VAS 75.0 (18.6)

Initial H/M ratio (Rt) (%) (n = 11) 45.3 (22.8)

Initial H/M ratio (Lt) (%) (n = 10) 50.1 (23.1)

AS, Ashworth Scale; H/M, H-response per M-response ratio; SCI, spinal cord injury; SD, standard deviation; SFS, Spasm Frequency 
Scale; VAS, visual analog scale.
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Safety of the 1:1 THC:CBD oil
Table 2 demonstrates the safety of the 1:1 
THC:CBD oil. There was no incidence of a 
severe adverse event in either study phase; there-
fore, no participant was withdrawn. There were 
five non-serious adverse events detected in five 
participants during the intervention phase but 
only one during the control phase, causing a non-
significantly higher incidence of non-serious 
adverse events and overall adverse events in the 
intervention phase when compared with the con-
trol phase (5 vs 1, p = 0.073, McNemar test) with 
a risk ratio of 5.00 [95%CI: 0.91–27.52]. Five 
non-serious adverse events in the intervention 
phase included one symptomatic hypotension 
(BP=70/40), one asymptomatic bradycardia 
(HR = 56/min), and three events of non-signifi-
cant hepatic enzyme elevation (2 times elevation 
of AST and ALT). Therefore, the incidence of 
non-serious, cardiovascular, and hepatic adverse 
events tended to be increased after use (incidence 
of 12.5% and 18.75%, respectively). One event in 
the control phase was non-significant hepatic 
enzyme elevation, which occurred during the 
titration phase. The symptomatic hypotension 
and symptomatic bradycardia events were treated 
by holding the dosage of the medication one step 
for 1 day and then returning to the titration pro-
tocol. Four events of hepatic enzyme elevation 
were treated by expectant management and 
resolved within 1-week of follow-up.

Efficacy of 1:1 THC:CBD oil on  
reducing spasticity
Table 3 demonstrates the efficacy of 1:1 
THC:CBD oil in reducing spasticity from the 
crude analysis. Since this study used a crossover 
design, we first demonstrated a period effect and 
a sequence effect on the intervention. There was 
no statistically significant difference in the spas-
ticity outcomes, including the sum AS, SFS, 
Physician rating VAS, Patient rating VAS, and 
percentage of tibial H:M ratio of the right and the 
left side, between two periods, that is, comparing 
between the first and the second period regardless 
of the intervention group (all p > 0.05, Wilcoxon 
signed-rank test). Also, there was no statistically 
significant difference in the intervention effect 
between the two sequences, that is, those who 
started with the intervention phase versus those 
who started with the control phase (all p > 0.05, 
Wilcoxon signed-rank test). Therefore, there was 
no significant period and sequence effect in this 
study, so direct comparisons between the inter-
vention and control phase could be conducted.

Focusing on the primary outcome, that is, the 
sum AS, there was no statistically significant dif-
ference in the pre-to-post-treatment difference in 
sum AS between the intervention and the control 
phase [mean (SD) for intervention: −3.7 (7.0) vs 
mean (SD) for control: −5.4 (3.8), p = 0.832; 
Wilcoxon signed-rank test] (Figure 3). Notably, 

Table 2.  Comparisons of safety profiles.

Overall adverse events THC:CBD Placebo p-Value Risk ratio [95% CI]

Number of events 5 1 0.073  

Incidence per patients 31.25 6.25 0.060 5.00 [0.91–27.52]

Serious adverse events THC:CBD Placebo p-value Risk ratio [95% CI]

Number of events 0 0 NA  

Incidence (%) 0 0 NA NA

Non-serious adverse events THC:CBD Placebo p-value Risk ratio [95% CI]

Number of events 5 1 0.073  

Incidence (%) 31.25 6.25 0.060 5.00 [0.91–27.52]

Significant level at p < 0.05 by the Wilcoxon signed-rank test for continuous or count data and McNemar test for categorical data.
CBD, cannabidiol; NA, not applicable; SD, standard deviation; THC, tetrahydrocannabinol.
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the effect size of the THC:CBD oil on reducing 
spasticity was 1.7 (95%CI: −0.6 to 4.0) (small, 
non-significant effect size but in the opposite 
direction, that is, favoring the placebo). There 
was also no statistically significant difference in 
pre-to-post-treatment difference in SFS, 
Physician rating scale VAS, Patient rating VAS, 
and percentage of tibial H:M ratio of the right 

and the left side, between the intervention and the 
control phase (all p > 0.05; Wilcoxon signed-rank 
test, 95% CI of effect size including a null value of 
zero).

We conducted the adjusted analysis using a multi-
level mixed-effect model with repeated measures, 
that is, controlling the period effect, sequence 

Table 3.  Comparisons of efficacy on reducing spasticity from the crude analysis.

Parameters Pre 
THC:CBD, 
mean (SD)

Post 
THC:CBD, 
mean (SD)

THC:CBD 
post-pre, 
mean (SD)

Pre 
placebo, 
mean (SD)

Post 
placebo, 
mean (SD)

Placebo 
post-pre, 
mean (SD)

THC:CBD-
placebo 
difference in 
post-pre, mean 
(95% CI; effect 
size)

p-Value 
(Wilcoxon 
signed-
rank test; 
(one-tail)

p-Value 
of period 
(Period 
effect; 
Wilcoxon
signed-
rank test)

p-Value of 
intervention if 
sequence = ½ 
(Sequence effect; 
Wilcoxon signed-
rank test)

Summation 
of AS

20.5 (9.0) 16.8 (7.8) −3.7 (7.0) 20.0 (7.1) 14.6 (6.0) −5.4 (3.8) 1.7 [−0.6 to 4.0] 0.832 0.416 0.287/0.650

SFS 2.6 (1.0) 2.6 (1.2) −0.1 (0.4) 2.6 (1.0) 2.4 (1.0) −0.1 (0.3) 0.1 [−0.1 to 0.3] 0.673 0.179 0.330/0.248

Physician 
rating VAS

61.0 (20.2) 47.3 (23.7) −13.7 (18.8) 67.2 (20.7) 46.9 (17.3) −20.3 (20.5) 6.6 [−3.1 to 16.3] 0.888 0.879 0.375/0.75

Patient 
rating VAS

70.0 (20.0) 57.5 (16.9) −12.5 (11.3) 68.1 (21.0) 49.4 (12.4) −18.8 (24.2) 6.3 [−1.8 to 14.4] 0.846 0.969 0.559/0.642

H:M ratio
Rt (%)

35.6 (15.3) 30.8 (17.7) −4.8 (18.2) 55.4 (25.9) 38.1 (23.1) −17.3 (28.5) 12.5 [−0.1 to 25.1] 0.885 0.576 0.337/0.602

H:M ratio
Lt (%)

46.5 (23.1) 43.9 (26.0) −2.6 (17.8) 52.7 (18.5) 44.6 (26.0) −8.1 (26.6) 5.5 [−5.4 to 16.4] 0.822 0.597 0.917/0.465

AS, Ashworth Scale; CBD, cannabidiol; H/M, H-response per M-response ratio; SD, standard deviation; SFS, Spasm Frequency Scale; THC, tetrahydrocannabinol; VAS, 
visual analog scale.

Figure 3.  The effect of THC:CBD oil on the sum Ashworth Scale (AS).
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effect, and pre-treatment value as a fixed effect 
and controlling the difference in each patient as a 
random effect (Table 4). For the primary outcome 
of sum AS, there was no statistically significant 
difference in sum AS between the intervention 
and the control phase in the multilevel mixed-
effect model (mean effect size = −1.2 [95%CI: 
−5.9 to 3.5], p = 0.309). For the secondary out-
comes, there was no statistically significant differ-
ence in SFS, Physician rating VAS, and percentage 
of tibial H:M ratio of the right and the left side, 
between the intervention and the control phase in 
the multilevel mixed-effect model (all p > 0.05). 
On the other hand, there was a statistically signifi-
cant difference in patient rating VAS between the 
intervention and the control phase; that is, the 
intervention phase had a significantly lower patient 
rating VAS of spasticity than the control phase, 
with the mean effect size of −13.9 (95%CI: −25.5 
to −2.3) from the multilevel mixed-effect model. 
These results indicate that the 1:1 THC:CBD oil 
can reduce the patient rating VAS of spasticity by 
13.9 mm, or 18.5%, from the initial value of 75.0. 
Cohen’s d of the patient rating VAS was −0.6, 
which indicated a medium effect size for spasticity 
reduction.

Discussion

Changes from the registered protocol
After screening 100 potential participants with 
only one recruited participant, we changed the 

study protocol aiming to improve the recruitment 
rate of the protocol. This included: (1) broadening 
the etiology of SCI (from a traumatic etiology only 
to either traumatic or degenerative spinal etiology 
as both of them share a stable clinical course after 
surgery); and (2) decreasing the severity of spastic-
ity from AS > 2 to AS ⩾ 2. These changes may 
reduce internal validity of the study and may 
potentially induce the floor effect in those with less 
spasticity; however, we decided to trade off these 
problems for improving the recruitment rate.

Safety of the 1:1 THC:CBD oil
There was no statistically significant difference in 
safety outcomes between participants who 
received the THC:CBD intervention and those 
who received the placebo control. This safety 
result should be interpreted with caution due to 
an underpowered statistical analysis, as the sam-
ple size has been calculated according to the effi-
cacy, not the safety outcome. This result was 
different from the previous studies reporting 
severe side effects resulting in study with-
drawal.3,17 In addition, a recent survey reported 
that cannabinoid use for spasticity introduced 
common adverse events including dry mouth, 
drowsiness, fatigue, dizziness, and nausea.18 
These may be due to differences in oil composi-
tion (THC:CBD vs THC alone), low dosage 
(maximal dose of 12 mg/day vs average dose of 
31 mg/day), and the nature of the cannabinoids 
(natural extraction vs synthetic drug).3,17,18

Table 4.  Comparisons of efficacy on reducing spasticity from the adjusted analysis.

Parameters Effect size (95% confidence interval) 
from multilevel mixed-effect model 
(patient = random effect) controlled for 
period effect, sequence effect, and pre-
treatment value

p-Value of 
intervention effect 
(one-tailed)

Summation of AS −1.2 [−5.9 to 3.5] 0.309

SFSS −0.02 [−0.4 to 0.4] 0.446

Physician rating VAS −6.7 [−23.2 to 9.8] 0.073

Patient rating VAS −13.9 [−25.5 to −2.3] 0.010*

H:M ratio Rt (%) 8.0 [−14.3 to 30.3] 0.758

H:M ratio Lt (%) −5.1 [−31.8 to 21.6] 0.355

Bolded and *Significant at p < 0.05 by multilevel mixed-effect model. 
AS, Ashworth Scale; CBD, cannabidiol; H/M, H-response per M-response ratio; SFS, Spasm Frequency Scale; THC, 
tetrahydrocannabinol; VAS, visual analog scale.
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Although there were no serious adverse events, an 
insignificant increase in non-serious adverse 
events, including hypotension, bradycardia, and 
elevated hepatic enzymes, makes the 1:1 
THC:CBD oil at risk for use; an insignificant 
result can turn out to be significant if the sample 
size is increased. Despite excluding individuals 
with cardiovascular disease and/or hepatic dis-
ease, people with chronic SCI are still at risk of 
having cardiovascular and hepatic complications 
from medications,19 and the risk should be 
increased if the individual has underlying cardio-
vascular and/or hepatic disease.

Efficacy of 1:1 THC:CBD oil on reducing 
spasticity
There was no statistically significant difference in 
the pre-to-post-treatment difference in summated 
AS from all muscles, which was the primary out-
come, between the intervention and the control 
phase, together with no statistically significant dif-
ference in SFSS, Physician rating VAS, and tibial 
H/M ratio, indicating that there is no evidence 
demonstrating the efficacy of 1:1 THC:CBD oil 
on reducing spasticity in people with chronic SCI 
when evaluated using the physician-assessed. The 
95% CI for all effect sizes included zero, indicat-
ing that the true effect may be null. These results 
are similar to those from the recent survey, which 
reported a null effect of cannabinoids on physical 
function in individuals with spasticity from vari-
ous etiologies.18 Although the study design of our 
study is different from the previous one, this con-
sistent result addresses the questionable effect of 
cannabinoids on spasticity reduction.

These results differ from those of the previous 
clinical trial.3,4,17 Some explanations for these 
inconsistent results should be discussed, including 
the differences in the study protocol, medication, 
and participants. First, all participants in this 
study were hospitalized and received physical and 
occupational therapy programs aiming to decrease 
spasticity; the control phase was not an inactive 
control, potentially leading to a ceiling effect of 
anti-spasticity treatment, causing an indifferent 
result in some participants. Notably, this protocol, 
despite having high internal validity because all 
potential confounding factors, such as additional 
treatments, were controlled, may differ from real-
life OPD settings and may have low external valid-
ity or generalizability. Therefore, the effect of 
THC:CBD oil on spasticity reduction in people 

with chronic SCI in real-life OPD settings may be 
different from that in this study and should be fur-
ther investigated.

For the differences in medication, the cannabi-
noids used in our study are 1:1 natural Thai 
extract THC:CBD, which is different from the 
previous studies showing an effective result. For 
example, one study used cannabis extract cap-
sules containing 2.5 mg of THC and 1.25 mg of 
cannabidiol.17 Another study used synthetic 
nabilone, a synthetic THC4 and 9-THC 
(Dronabinol).3 Noteworthy, all positive studies 
used THC as a single compound or THC with a 
ratio between THC and CBD more than that was 
used in this study (THC:CBD = 2:1 vs 1:1). 
Also, in contrast with the other study in people 
with SCI that used a synthesis of THC3,4 and 
another study in MS,17 our study used natural 
extract cannabinoids, which may deliver a lower 
potent medical dosage than a synthetic form or 
may not be stable enough to in maintain the effi-
cacy due to oil formulation. Also, our cannabi-
noid dosage may not be adequate since we use 1:1 
THC:CBD oil, 12 drops/day or 12 mg/day of 
THC and CBD as a maximum dosage due to 
unknown maximum and toxicity dosage in the oil 
in Thai people with SCI. For example, previous 
studies demonstrated that an average dosage for 
effectively reducing chronic pain was 19.2 mg for 
THC and 17.8 mg for CBD.20,21 In addition, a 
previous study that used the same type of 1:1 
THC:CBD oil demonstrated the effect of reduc-
ing spasticity in people with MS at the average 
dosage of 27.5 mg.5 Therefore, an effect on spas-
ticity reduction should be more expected in 
THC-predominated cannabinoids, and the dos-
age should be increased and may be up to 
27.5 mg,5 and increasing the maximum dosage 
should be considered in future efficacy studies.

Patient rating VAS was the only spasticity-related 
outcome responding to the THC:CBD interven-
tion. Although it is not frequently used in spasticity 
research since it is subjective, patient rating VAS of 
the severity of spasticity was used in the previous 
study4 and showed the same direction but a lower 
and non-significant effect size when compared 
with the sum AS assessment.4 Despite being more 
subjective, the severity of spasticity evaluated by 
patient rating VAS may be directly related to the 
patient’s life experience, even more than other 
objective, physician-evaluated outcomes. Since the 
patients evaluated the patient rating VAS of the 
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severity of spasticity by themselves, with a time 
frame from the instruction of “within 24 h,” it may 
better reflect the 24-h spasticity experience of the 
patients, whereas all other assessments report 
spasticity cross-sectionally. These differences in 
domain and time frame of assessment may be 
responsible for the inconsistency between the 
patient rating VAS and other measures. Also, it 
should be hypothesized that more severe degree of 
spasticity when applying physical examination 
assessment may be resulted from increased sympa-
thetic activity during facing healthcare providers 
similar to a condition of higher blood pressure lev-
els when obtained by medical personnel compared 
to the levels obtained by themselves, or “White 
Coat Hypertension,”22 as there is evidence demon-
strating that increased sympathetic activities may 
induce more severe degree of spasticity in patients 
with upper motor neuron syndrome.23

Strengths and limitations
We accepted our limitations, including the diffi-
culty measuring H-reflex, the potential underdos-
age of THC/CBD, and our inpatient study setting 
as previously described. To evaluate the risk of 
bias of this study, the Cochrane Risk of Bias (RoB) 
tool was applied.24 As this study used a valid study 
design (crossover study for symptomatic treat-
ment), randomization method (simple randomi-
zation), and allocation concealment (sealed 
envelope), there may not be problematic selection 
bias in this study. According to the performance 
bias, since the investigators, participants, outcome 
assessors, and analyzers were successfully blinded 
to the study group using a placebo with a similar 
appearance and odor, there should be no risk of 
performance bias. Regarding detection bias, since 
this study used both subjective and objective out-
comes and employed effective allocation conceal-
ment and blinding, the risk of detection bias may 
be low. Since this study has no missing partici-
pants and the primary outcomes were reported 
according to the protocol, it may have a low risk of 
attrition and reporting bias. After considering all 
types of bias, this study has a low RoB.

Another limitation is that we cannot adjust for the 
effect of different rehabilitation programs and 
diverse concomitant antispastic medications. 
Physical exercise, occupational therapy, rehabili-
tation program, and concomitant medications are 
all confounding factors of the effect of cannabis.25 
However, our rehabilitation program, including 

physical exercise and occupational therapy, was 
personalized by different SCI characteristics and 
the present conditions of the participants. 
Therefore, it was different for each participant and 
for the same participant but on different days. We 
have tried to adjust the concomitant medications; 
however, because of the small sample size, only 
three participants had different medications from 
the others (receiving only baclofen). We then 
decided not to include concomitant medication 
status either as an adjustment factor or in a sub-
group analysis to prevent invalid statistical infer-
ence due to violations of parametric statistical 
assumptions.26 Further study with enough sample 
size is needed to demonstrate the effect of can-
nabinoids with adequate adjustment for these fac-
tors. The short administration period of 4 weeks 
may also be insufficient to produce long-term 
neurophysiological changes in individuals with 
chronic SCI, as the effects of cannabinoids on 
stimulating progenitor cells for remyelination and 
neuroregeneration, and inhibiting neuroinflam-
mation, may require longer administration.27

To our knowledge, this is the first study evaluat-
ing the feasibility, safety, and efficacy of the natu-
rally extracted Thai 1:1 THC:CBD oil in reducing 
spasticity in people with chronic SCI. The crosso-
ver study design equalized the baseline character-
istics and the severity of spasticity of the 
participants then preventing a selection bias. The 
effectiveness of the washout period was checked 
by a urine cannabinoid test, which is very sensi-
tive (50 ng/ml). Therefore, there was no risk of 
carry-over effect, which is the most important risk 
of a crossover study. Also, this study used stand-
ardized, multidimensional clinical and electro-
physiological outcomes. This study also used 
cannabinoids as an add-on treatment, which cor-
relates with the real-world setting where we do 
not stop standard treatments before starting alter-
native medication. The safety protocol in this 
study was thorough and can be applied in an IPD 
setting for safety concerns.

Clinical and research application
For clinical application, the benefits and the risks 
of using 1:1 THC:CBD oil should be individually 
justified before applying it in real-life clinical 
practice. For example, a 1:1 THC:CBD interven-
tion should be considered in people with chronic 
SCI who have intractable spasticity that does not 
respond to any medical and surgical interventions 
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and also have no underlying cardiovascular dis-
ease and/or hepatic disease.

For research applications, as previously discussed, 
many gaps in knowledge are waiting for researchers 
to clarify. These issues include: (1) how to appro-
priately set inclusion and exclusion criteria, as well 
as stratification criteria, to accommodate the differ-
ences in mechanisms and characteristics of spastic-
ity in people with SCI, as well as the severity of 
spasticity; (2) how to identify the proper dosage of 
THC and CBD, as well as its ratio, to maximize the 
spasticity reduction effect; and (3) how to select a 
spasticity-related outcome that is the most relevant 
to the patient’s clinical situation and apply it as the 
primary outcome in future studies.

Conclusion
Results of this double-blind, placebo-controlled, 
crossover clinical trial demonstrate that, in people 
with chronic SCI who had intractable spasticity, 
there was no statistically significant effect of GPO 
1:1 THC:CBD oil on spasticity-related outcomes, 
except a patient rating VAS reduction. Further stud-
ies aiming to prove the effect of 1:1 THC:CBD with 
a higher dosage of THC (more than 12 mg/day), as 
well as applying the patient rating VAS as the pri-
mary outcome, in people with chronic SCI who 
have intractable spasticity, should be conducted.
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