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Background: While cannabis-based medicine is being commonly used in patients
with movement disorders, there is a scarcity of publications regarding the effect
of cannabis on dystonia. We aimed to describe medical cannabis use in patients
with dystonia and related pain.

Methods: We employed a structured interview to obtain data on the cannabis
treatment regimen, perception of effectiveness and side effect profile. Eligible
participants were patients diagnosed with dystonia from the movement disorders
unit at the Tel-Aviv Medical Center who had used licensed medical cannabis
between January 2019 and January 2021.

Results: Twenty-three subjects were interviewed (11 women, mean age 52.7).
The most common way of administration was smoking (n =11). Following an
average of 2.542.9 years of use, those with widespread dystonia (generalized,
hemi and multifocal, n =11) self-reported on a numeric rating scale an average
63% (range 0%—-100%) reduction in symptoms of dystonia, while those with more
focal dystonia patterns reported a significantly lower treatment effect of 32%.
Participants reported a positive impact in related pain and quality of life, with an
average rating of 3.8 out of 5 (SD=1.2, median=4) and 3.6 out of 5 (SD=1.15,
median=4), respectively. Most common side effects were dry mouth (65%),
sedation (43%), dizziness (39%) and psychiatric disorders (26%). Three patients
(13%) discontinued therapy.

Conclusion: A subset of dystonia patients who use medical cannabis under clinical
observation reported significant subjective improvement during 30months of
use in average. Further prospective randomized controlled trials are required to
examine the effectiveness of cannabis in dystonia.

medical cannabis, cannabidiol, delta-(9)-tetrahydrocannabinol, dystonia, treatment
efficacy, pain
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1. Introduction

Dystonia is a hyperkinetic movement disorder that is often
accompanied by pain (1). The efficacy of existing medical treatments
for dystonia, including anticholinergics, dopamine modulators and
other medications, can be variable, contingent upon individual patient
factors and the specific subtype of dystonia (2). Suboptimal symptom
relief is observed in a subset of patients who do not experience
satisfactory outcomes with these conventional treatment modalities.
Consequently, there exists a compelling need to investigate alternative
therapeutic approaches that may offer potential benefits to individuals
who have exhibited inadequate responses to traditional treatments.

Cannabis-based medicine (CBM) is an appealing therapeutic
option because cannabinoids, such as A9-tetrahydrocannabinol
(THC) and cannabidiol (CBD), in the
endocannabinoid system which is involved in motor coordination and

activate receptors

pain modulation. The endocannabinoid receptors are located in
several regions of the brain, including the basal ganglia, cortex,
hippocampus, and cerebellum, which are all crucial for motor control
and pain perception. Therefore, CBM could be a potential therapeutic
option for individuals with dystonia who experience pain and motor
control difficulties (3, 4).

While the use of CBM has become increasingly popular,
conducting robust studies in this area can be challenging due to
several factors, including regulatory hurdles, inconsistent
formulations, and the utilization of multiple delivery methods.
Consequently, the use of CBM remains a controversial issue (5). Three
randomized controlled trials have been published with relevance to
CBM and dystonia. In a prospective, double-blind, placebo-controlled
study conducted in 2022, sublingual administration of medical
cannabis (MC) as an oil extract was found to be beneficial for benign
essential blepharospasm (6). Two prior studies utilizing orally-
administered synthetic THC formulations (nabilone and dronabinol)
were unable to demonstrate any significant therapeutic benefit for
dystonia symptoms (7, 8). Several systematic reviews conducted in the
last decade have reported that cannabinoids may demonstrate efficacy
in individual cases or in open label pilot studies. However, the
available data is currently insufficient to draw definitive conclusions,
and further studies are needed to provide more conclusive evidence
(7,9-14).

The current body of evidence regarding the use of full spectrum
MC products is limited to preclinical and clinical studies, and there is
a lack of real-world data available. Real-world data, which is collected
from patients using MC products in their daily lives, would provide
valuable information about the effectiveness and safety of full
spectrum MC products in a broader population. Such data could also
help identify any adverse effects associated with long-term use, as well
as provide insights into the optimal dosing and administration
methods for different medical conditions. However, the lack of real-
life data may be due to various reasons, including regulatory barriers,
limited access to MC products, and social stigma surrounding
cannabis use. As the legal and social landscape surrounding cannabis
continues to evolve, it is important for researchers to gather more real-
world data to inform clinical practice and improve patient outcomes.

In 2013, the Israeli Ministry of Health (MOH) authorized the use
of MC for the treatment of dystonia and related pain. The
recommended maximum initial dose of 20 g/month, as stated in the
Israeli Clinical Guide, is usually administered with a preparation
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containing 10% THC and 2% CBD (15). The strength of the
preparation, whether inflorescence or oil extract, is available in fixed
THC:CBD percentage ratios: 0:24, 1:20, 3:15, 5:5, 5:10, 10:2, 10:10,
15:3, and 20:4. Patients’ preferences may help refine the dose, strength,
and method of administration. Given almost a decade of experience
in treating dystonia with MC, we conducted a real-life analysis with
the objective of evaluating the subjective effects of MC on dystonia
and related pain, as well as documenting the method of consumption,
dosage, and potential side effects. Additionally, we aimed to explore
the relationship between treatment regimen and its effects on different
types of dystonia.

The strength of our data lies in the fact that MC use is accepted
and licensed within our health system, enabling clear delineation of
its use among our patients. Our study had both descriptive and
investigational aims, with the former being focused on assessing
subjective effects and documenting treatment parameters, and the
latter aimed at exploring potential differences in treatment response
among different dystonia subtypes, way of administration and dosing.

2. Methods
2.1. Subjects

We conducted a review of electronic medical records from the
Movement Disorders Unit (MDU) at the Tel Aviv Sourasky Medical
Center (TASMC) for the period between January 1, 2019 and January
1, 2021. The review encompassed patients who were 18 years of age or
older, had received a diagnosis of “dystonia” or “blepharospasm”
according to the International Classification of Diseases, Ninth
Revision (ICD-9), and who went through our pipeline for MC
licensure for the purpose of treating dystonia. Patients with significant
intellectual disabilities that prevented them from providing consent
were excluded from the study.

After obtaining consent from patients, the study investigators (DS,
NH or SA) administered the questionnaire either during routine clinic
visits or over the phone (with oral consent). The study protocol was
approved by our Institutional Review Board.

2.2. Questionnaire

The survey assessed various aspects related to dystonia,
including demographics, co-existing conditions such as Parkinson’s
disease, genetic factors (if applicable), dystonia location, past and
present treatment for dystonia, cannabis use duration, method of
administration, amount of puffs/drops per single use, monthly
dose, and THC:CBD product ratio. The effectiveness of treatment
on pain and quality of life (QoL) was evaluated using a five-point
Likert-type scale (1 =very dissatisfied, 2 = dissatisfied, 3 =neutral,
4 =satisfied, 5=very satisfied). Patients were also asked to indicate
the percentage of improvement in dystonia severity compared to
baseline on a numeric rating scale between 0—no effect to 100—
(0%-100%).
Furthermore, participants were requested to report whether during

disappearance of the dystonic movements
use they recall (yes/no) side effects including psychiatric
(hallucinations or other psychotic manifestations, anxiety, or

depression), cognitive (confusion, memory, visuospatial, or
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language disturbances), dizziness, sedation, fatigue, dry mouth,
gastrointestinal, weight gain, red eyes or other symptoms that were
not directly queried. The estimated THC daily dose (ETDD) in
grams was calculated using the equation:

Monthly MC dose (grams) , YTHC in cannabis product
30 100

ETDD =

2.3. Statistical methods

The data underwent statistical analysis, which involved utilizing
descriptive statistics to examine demographic variables such as mean,
median, standard deviation (SD), and range. Spearman’s rank
correlation was used for nonparametric variables, while Pearson’s
correlation was used for parametric variables to perform correlation
analysis. The two-sided student’s ¢-test and two-sided Mann Whitney
test were used to estimate differences between means of parametric
and non-parametric variables, respectively.

Furthermore, a linear regression model was employed to test
the relationship between mean improvement percentage of dystonia
and THC dose (grams/month), MC formulation monthly dose
(grams) and ETDD. The statistical significance level for both
parametric and nonparametric testing was set at 0.05. The data
analysis was carried out using the R language and environment for
statistical computing (16), and Graph-Pad Prism version 9.0 was
used to generate graphs. A biomedical statistician, GL, performed
all statistical analyses.

3. Results

3.1. Demographics and disease
characteristics of our cohort

Among the overall collective of patients diagnosed with dystonia
who were being followed up in the MDU at TASMC during the study
period (n=125), we identified 36 patients (29%) whom their treating
physician had recommended the use of MC. Of these patients, five
(14%) had previously used MC for dystonia but had discontinued
treatment before the study period. Three patients refused to
participate, two had obtained their MC license from the MOH but
had not yet initiated MC treatment at the time of recruitment, and
three were still in the process of obtaining their MC license.
Ultimately, a total of 23 patients consented to participate in the study
and were interviewed either by telephone or during a follow-up visit.
The study cohort consisted of 11 women and 12 men, and a mean
age of 52.7 years. The dystonia phenotype in the study participants
was distributed as follow: six patients had focal dystonia, five with
segmental dystonia, one with multifocal dystonia, two with hemi-
dystonia and nine with generalized dystonia. Dystonia was
determined to be idiopathic in 13 patients, while in four patients, the
etiology of dystonia was linked to genetic mutation, with two
patients presenting DYT1 mutation and the other two presenting
DYT6 mutation. Six patients had dystonia as part of their Parkinson’s
disease, either secondary to levodopa treatment or as a result of the
disease itself. Among the study participants, 14 individuals were
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currently receiving medications for dystonia in addition to MC:
(n=5), (n=3),
(clonazepam, n=6), levodopa/carbidopa (n=1), botulinum toxin
injections (n=1), and topiramate (n=1). Notably, 74% of the
patients had previously undergone a trial with at least one therapy
for dystonia.

baclofen anticholinergics benzodiazepines

3.2. MC consumption habits

The majority of our study participants (47.8%) consumed MC
through inhalation, either by smoking or vaporization. The average
duration of MC use was 2.5years, with an average frequency of
consumption of 3.3 times per day. The average THC percentage of the
MC products used was 10%. The mean monthly dose of MC consumed
was 22.3 grams, and the ETDD was approximately 100 mg. Study
cohort characteristics and details of MC consumption habits are
summarized in Table 1.

3.3. MC reported efficacy

The mean self-reported response of dystonia during MC treatment
on a Likert scale was 3.3 out of 5 (SD = 1.29, median =4), suggests that
the majority of participants expressed a positive response to MC
treatment for dystonia. The response for related pain and QoL was
also favorable, with 3.8 out of 5 (SD=1.2, median =4) for pain, and ¢
3.6 out of 5 (SD=1.15, median=4) for QoL. These outcomes are
depicted in Figure 1.

To evaluate the effect of the form of MC administration on
subjective improvement in patients, a two-sided Mann-Whitney test
was performed. Results indicated that inhaled MC was associated with
greater subjective improvement in dystonia compared to sublingual

TABLE 1 Study cohort characteristics and MC consumption habits.

Age (years) 52.7 (18.1)
Gender f/m 11/12
Age of dystonia onset (years) 37.4(22.5)
Disease duration (years) 15.26 (11.5)
Mode of consumption (oil/inhalation/ 10/11/2
both)

Cannabis duration of use (years) 2.5(2.9)
Current monthly dose (grams) 22.3(20.1)
Percent THC in MC product 10.6 (6.6)
Percent CBD in MC product 8.0 (5.6)
Frequency of consumption (times per 3.3 (4.3)
day)

Quantity of puffs/drops in each use 7.0 (5.6)

Estimated THC daily dose (mg) 101.4 (150.7)

Estimated CBD daily dose (mg) 51.4 (41.6)

Percentage of dystonia improvement 47.5 (35.4)

(0%-100%)*

Data are presented as mean (standard deviation). f/m, female/male; mg, milligrams; MC,
medical cannabis; THC, tetrahydrocannabinol; CBD, cannabidiol.
“n=22, one patient resigned to answer.
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MC effect on dystonia

MC effect on general quality of life

MC effect on pain from dystonia
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FIGURE 1

MC effect on dystonia, related pain and QoL using a five-point Likert-type scale. MC, Medical cannabis; QoL, quality of life.
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*p-value = 0.04, ‘p-value = 0.0003.

Effect of dystonia type and method of MC administration on subjective improvement in dystonia. (A) Effect of cannabis method of administration
on subjective treatment efficacy for dystonia. (B) Effect of dystonia type on subjective treatment efficacy for dystonia. MC, Medical cannabis.
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MC oil (p-value=0.00033). The mean percentage improvement was
78.5% for smoking compared to 21% for sublingual oil (Figure 2A).
Patients with widespread dystonia (generalized, hemi, and multifocal
dystonia, n=11) reported higher benefit (63% vs. 32% on average,
p=0.04) compared to patients with focal or segmental dystonia
(n=11), as demonstrated in Figure 2B.

A linear regression model was employed to investigate the
relationship between improvement in dystonia and parameters related
to MC treatment. The analysis revealed a positive correlation between
improvement in dystonia and three variables: (1) THC percentage
within the MC product (p=0.03, R squared=0.2), as illustrated in
Figure 3A; (2) MC monthly dose in grams (p=0.01, R squared =0.28),
as depicted in Figure 3B; and (3) ETDD, a variable that combines THC
product percentage and MC monthly dose (p=0.01, R squared =0.27),
as demonstrated in Figure 3C.

Frontiers in Neurology

04

3.4. MC reported side effects and treatment
termination

Dry mouth (65%), sedation (43%), and dizziness (39%) were the
most common side effects reported by patients. Twenty-five percent
of patients (n=6) experienced psychiatric side effects, with anxiety
reported in three cases (one of which included hallucinations), and
worsening mood reported in three cases (one of which included
suicidal ideation) after the initiation of treatment. Treatment
modifications (such as administering products with lower THC
percentage) resolved side effects in five patients, while one patient had
to discontinue treatment entirely. Two patients ceased treatment due
to perceived inefficacy. Of the three patients who discontinued
treatment (13%), two did so within a few weeks of initiation, and one
after 2 years.
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FIGURE 3

Influence of MC dose and THC content on improvement of dystonia.
This figure depicts the correlation between reported improvement
(%) of dystonia and three variables: (A) THC percentage within the
cannabis product. (B) Total monthly consumption of medical
cannabis in grams. (C) Estimated THC daily dose in milligrams. MC,
Medical cannabis; THC, A9-tetrahydrocannabinol; ETDD, estimated
THC daily dose.

4. Discussion

Our real-life observational single-center study suggests that MC
may provide benefits for some patients with dystonia, particularly
those with more widespread or generalized forms of the condition.
However, it is important to note that there were several reported side
effects associated with MC use, including dry mouth, sedation,
dizziness, and psychiatric side effects in some patients. These side
effects were manageable in most cases, but did lead to treatment
modification in some patients and complete cessation in one patient.
It is important to consider the possible mechanisms by which MC
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might alleviate dystonia. One potential explanation is that the
endocannabinoid system, which is abundant in brain areas related to
movement control and dystonia such as the basal ganglia and
cerebellum, could be involved in the lack of inhibition that leads to
excessive muscle contraction in dystonia (17, 18). For example, the
CBI receptor is expressed in GABAergic medium spiny neurons in the
striatum and substantia nigra, as well as in glutamatergic cortex
projections, all of which play a role in dystonia pathophysiology (19,
20). THC and other cannabinoids have been shown to enhance GABA
release and reduce its reuptake while also reducing glutamatergic flow,
which could improve movement inhibition (21), as has been suggested
in other hyperkinetic movement disorders (22, 23).

Based on our collected data, we sought to identify factors that may
impact the perceived improvement in dystonia. Our findings suggest
that the spread of dystonia may be a relevant factor to consider.
Specifically, patients with focal or segmental dystonia (comprising half
of our cohort) reported significantly less benefit compared to those
with more widespread dystonia. This observation supports the notion
that medication efficacy may vary depending on the type of dystonia.
For example, anticholinergics are generally more effective for
generalized or segmental dystonias (24, 25). These differences may
be related to specific biochemical or physiological mechanisms
underlying the pathogenesis of dystonia that should be further
investigated. It is important to note, however, that medication efficacy
is likely multifactorial and may vary on an individual basis.

Additionally, we observed that the method of administration
appeared to be a factor in the perceived improvement of dystonia.
Patients who inhaled dried buds reported the greatest improvement,
while half of the patients who consumed oil extract reported no
improvement in symptoms. Interestingly, most studies on cannabis-
based therapies for dystonia have focused on oral consumption (9), with
only a few case reports describing the benefit of inhaled MC (26, 27). The
difference in reported benefit may be attributed to the pharmacokinetics
of cannabinoids. Inhaled THC reaches peak plasma concentration
within 8-12min, while oil extract takes 30min to reach the first
measurable plasma levels and peaks at 3-4h (28). Furthermore, smoking
THC achieves a higher plasma concentration [C(max), (microgram/L)
(6)] compared to sublingual oil (29). Nevertheless, it is essential to
consider the risks associated with smoking, such as respiratory and
vascular complications, when prescribing inhaled cannabis. Overall, our
findings suggest that the method of administration should be carefully
considered to balance potential benefits with risks.

Our study found that total monthly consumption of MC, THC
percentage within the product, and ETDD were positively correlated
with perceived benefit in dystonia, indicating a potential role for THC
in its treatment. This findings aligns with the increasing use of
synthetic THC in other hyperkinetic movement disorders such as tics
in Tourette syndrome (30) and Huntington’s disease (31), which has
been previously investigated in small data sets. Moreover, previous
investigations have also suggested a possible benefit of THC in the
treatment of dystonia, which our results support (8, 32).

This study has several limitations that should be considered. The
sample size was small and limited by selection bias, as we did not collect
data from patients who did not agree to participate. Additionally, all
results were based on self-reported measures without objective
confirmation and were collected retrospectively at a single point in time
without regular follow-up or randomization, which may be subject to
false memories and reporting. The retrospective design of this study did
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not allow for the determination of the time course of the positive
response to treatment, nor did it enable the assessment of indirect
measures of efficacy, such as a decrease in the use of other drugs.
Furthermore, we were unable to elucidate the temporal profile of the
response to MC treatment in patients with dystonia, including whether
there is a development of tolerance or improvement in the response over
the course of MC treatment. Finally, our cohort was diverse, including
patients with different etiologies and spreads of dystonia, and using
various MC strains with different THC:CBD compositions and from
different growers, which may have influenced the results.

To strengthen the evidence for CBM in dystonia, future research
should include well-designed randomized double-blind placebo-
controlled trials with larger sample sizes to minimize bias and consider
placebo effects. Validated motor assessment scales, such as the Burke-
Fahn-Marsden dystonia rating scale or the global dystonia severity
rating scale, should be used to measure motor symptoms. Specific
measures should be incorporated to assess non-motor responses like
pain, quality of life, sleep disturbances, and psychiatric symptoms.
Additionally, participants should be categorized based on dystonia
subtype and etiology to determine if certain subtypes benefit more
from CBM treatment. Developing standardized protocols for CBM
administration, including dosing regimens, formulations, and
administration routes (e.g., inhalation, oral, or sublingual), will
enhance consistency and result comparisons. Lastly, comprehensive
data collection on adverse events, covering both motor and non-motor
side effects, is crucial to understand the safety profile of CBM in
dystonia. Implementing these recommendations will establish a strong
evidence base for CBM in dystonia, supporting the development of
personalized treatment approaches.

In conclusion, our findings indicate that THC-containing MC
products may be a promising starting point for further research into
the therapeutic benefits of CBM for dystonia in patients with
widespread symptoms. However, more randomized, placebo-
controlled studies are necessary to determine the most effective THC
dose, with or without the addition of CBD and other cannabinoids.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

References

1. Avenali M, de Icco R, Tinazzi M, Defazio G, Tronconi L, Sandrini G, et al. Pain in
focal dystonias—a focused review to address an important component of the disease.
Parkinsonism Relat Disord. (2018) 54:17-24. doi: 10.1016/j.parkreldis.2018.04.030

2. Jankovic J. Medical treatment of dystonia. Mov Disord. (2013) 28:1001-12. doi:
10.1002/mds.25552

3. Cristino L, Bisogno T, Di Marzo V. Cannabinoids and the expanded
endocannabinoid system in neurological disorders. Nat Rev Neurol. (2020) 16:9-29. doi:
10.1038/s41582-019-0284-z

4. Paulsen RT, Burrell BD. Comparative studies of endocannabinoid modulation of
pain. Philos Trans R Soc Lond B Biol Sci. (2019) 374:20190279. doi: 10.1098/
rstb.2019.0279

5. Schlag AK, O’Sullivan SE, Zafar RR, Nutt DJ. Current controversies in medical
cannabis: recent developments in human clinical applications and potential therapeutics.
Neuropharmacology. (2021) 191:108586. doi: 10.1016/j.neuropharm.2021.108586

6. Zloto O, Weisman A, Avisar I, Serlin T, Bar-lev L, Priel A, et al. Medical cannabis
oil for benign essential blepharospasm: a prospective, randomized controlled pilot study.

Frontiers in Neurology

10.3389/fneur.2023.1218300

Ethics statement

The studies involving human participants were reviewed and
approved by Helsinki Committee (IRB) Tel Aviv Medical Center.
Written informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

Author contributions

SA, AF-S, SL, AK, NG, and TG played a key role in the conception
and design of the study. SA, DS, and NH interviewed the patients and
provided valuable clinical insights. SA, OA, and GL contributed to
statistical analysis. OA provided valuable information in the field of
medical cannabis. SA wrote the initial draft of the manuscript, while
SL, AE-S, OA, AK, NG, and TG contributed to various sections of the
manuscript. All authors contributed to the article and approved the
submitted version.

Acknowledgments

The assistance provided by Corinne Zalomek for English editing
was greatly appreciated.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Graefes Arch Clin  Exp Ophthalmol. (2022) 260:1707-12. doi: 10.1007/

s00417-021-05533-1

7. Oikonomou P, Jost WH. Randomized controlled trials on the use of cannabis-based
medicines in movement disorders: a systematic review. ] Neural Transm 1996. (2022)
129:1247-56. doi: 10.1007/s00702-022-02529-x

8. Fox SH, Kellett M, Moore AP, Crossman AR, Brotchie JM. Randomised, double-
blind, placebo-controlled trial to assess the potential of cannabinoid receptor
stimulation in the treatment of dystonia. Mov Disord. (2002) 17:145-9. doi: 10.1002/
mds.1280

9. Mascia MM, Carmagnini D, Defazio G. Cannabinoids and dystonia: an issue yet to
be defined. Neurol Sci. (2020) 41:783-7. doi: 10.1007/s10072-019-04196-5

10. Lim K, See YM, Lee J. A systematic review of the effectiveness of medical Cannabis
for psychiatric, movement and neurodegenerative disorders. Clin Psychopharmacol
Neurosci. (2017) 15:301-12. doi: 10.9758/cpn.2017.15.4.301

11. Koppel BS. Cannabis in the treatment of dystonia, Dyskinesias, and tics.
Neurotherapeutics. (2015) 12:788-92. doi: 10.1007/s13311-015-0376-4

frontiersin.org


https://doi.org/10.3389/fneur.2023.1218300
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.parkreldis.2018.04.030
https://doi.org/10.1002/mds.25552
https://doi.org/10.1038/s41582-019-0284-z
https://doi.org/10.1098/rstb.2019.0279
https://doi.org/10.1098/rstb.2019.0279
https://doi.org/10.1016/j.neuropharm.2021.108586
https://doi.org/10.1007/s00417-021-05533-1
https://doi.org/10.1007/s00417-021-05533-1
https://doi.org/10.1007/s00702-022-02529-x
https://doi.org/10.1002/mds.1280
https://doi.org/10.1002/mds.1280
https://doi.org/10.1007/s10072-019-04196-5
https://doi.org/10.9758/cpn.2017.15.4.301
https://doi.org/10.1007/s13311-015-0376-4

Anis et al.

12.Koppel BS, Brust JCM, Fife T, Bronstein J, Youssof S, Gronseth G, et al.
Systematic review: efficacy and safety of medical marijuana in selected neurologic
disorders: report of the guideline development Subcommittee of the American
Academy of Neurology. Neurology. (2014) 82:1556-63. doi: 10.1212/
‘WNL.0000000000000363

13. Consroe P, Sandyk R, Snider SR. Open label evaluation of cannabidiol in
dystonic movement disorders. Int ] Neurosci. (1986) 30:277-82. doi:
10.3109/00207458608985678

14. Kluger B, Triolo P, Jones W, Jankovic J. The therapeutic potential of cannabinoids
for movement disorders. Mov Disord. (2015) 30:313-27. doi: 10.1002/mds.26142

15. Landschaft Yuval, Elbo Boaz, Mechoulam Prof Rafael, et al. The official guide to
clinical Care in Medical Cannabis. Available at: https://www.health.gov.il/hozer/
mmk154_2016.pdf (Accessed April 8, 2023).

16. R: the R project for statistical computing. Available at: https://www.r-project.org/
(Accessed March 20, 2023).

17. Quartarone A, Hallett M. Emerging concepts in the physiological basis of dystonia:
emerging concepts in the basis of dystonia. Mov Disord. (2013) 28:958-67. doi: 10.1002/
mds.25532

18.Downs AM, Roman KM, Campbell SA, Pisani A, Hess EJ, Bonsi P. The
neurobiological basis for novel experimental therapeutics in dystonia. Neurobiol Dis.
(2019) 130:104526. doi: 10.1016/j.nbd.2019.104526

19. Davis MI, Crittenden JR, Feng AY, Kupferschmidt DA, Naydenov A, Stella N, et al.
The cannabinoid-1 receptor is abundantly expressed in striatal striosomes and
striosome-dendron bouquets of the substantia nigra. PLoS One. (2018) 13:e0191436.
doi: 10.1371/journal.pone.0191436

20. Gerdeman G, Lovinger DM. CB1 cannabinoid receptor inhibits synaptic release
of glutamate in rat dorsolateral striatum. ] Neurophysiol. (2001) 85:468-71. doi: 10.1152/
jn.2001.85.1.468

21. Wang M, Liu H, Ma Z. Roles of the cannabinoid system in the basal ganglia in

Parkinson’s disease. Front Cell Neurosci. (2022) 16:832854. doi: 10.3389/
fncel.2022.832854
Frontiers in Neurology

07

10.3389/fneur.2023.1218300

22. Anis S, Zalomek C, Korczyn AD, Rosenberg A, Giladi N, Gurevich T. Medical
Cannabis for Gilles de la Tourette syndrome: an open-label prospective study. Behav
Neurol. (2022) 2022:1-10. doi: 10.1155/2022/5141773

23. Akinyemi E, Randhawa G, Longoria V, Zeine R. Medical marijuana effects in
movement disorders, focus on Huntington disease; a literature review. ] Pharm Pharm
Sci. (2020) 23:389-95. doi: 10.18433/jpps30967

24. Cloud LJ, Jinnah HA. Treatment strategies for dystonia. Expert Opin Pharmacother.
(2010) 11:5-15. doi: 10.1517/14656560903426171

25.Jinnah HA, Hess EJ. Experimental therapeutics for dystonia. Neurotherapeutics.
(2008) 5:198-209. doi: 10.1016/j.nurt.2008.01.001

26. Chatterjee A, Almahrezi A, Ware M, Fitzcharles M-A. A dramatic response to
inhaled cannabis in a woman with central thalamic pain and dystonia. J Pain Symptom
Manag. (2002) 24:4-6. doi: 10.1016/S0885-3924(02)00426-8

27. Uribe Roca MC, Micheli E, Viotti R. Cannabis sativa and dystonia secondary to
Wilson’s disease. Mov Disord. (2005) 20:113-5. doi: 10.1002/mds.20268

28.Karschner EL, Darwin WD, Goodwin RS, Wright S, Huestis MA. Plasma
cannabinoid pharmacokinetics following controlled oral delta9-tetrahydrocannabinol
and oromucosal cannabis extract administration. Clin Chem. (2011) 57:66-75. doi:
10.1373/clinchem.2010.152439

29. Huestis MA. Human cannabinoid pharmacokinetics. Chem Biodivers. (2007)
4:1770-804. doi: 10.1002/cbdv.200790152

30. Muller-Vahl KR, Schneider U, Prevedel H, Theloe K, Kolbe H, Daldrup T, et al.
Delta 9-tetrahydrocannabinol (THC) is effective in the treatment of tics in Tourette
syndrome: a 6-week randomized trial. J Clin Psychiatry. (2003) 64:459-65. doi: 10.4088/
JCP.v64n0417

31. Curtis A, Mitchell I, Patel S, Ives N, Rickards H. A pilot study using nabilone for
symptomatic treatment in Huntington’s disease. Mov Disord. (2009) 24:2254-9. doi:
10.1002/mds.22809

32. Zadikoff C, Wadia PM, Miyasaki ], Chen R, Lang AE, So J, et al. Cannabinoid, CB1
agonists in cervical dystonia: failure in a phase ITa randomized controlled trial. Basal
Ganglia. (2011) 1:91-5. doi: 10.1016/j.baga.2011.04.002

frontiersin.org


https://doi.org/10.3389/fneur.2023.1218300
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1212/WNL.0000000000000363
https://doi.org/10.1212/WNL.0000000000000363
https://doi.org/10.3109/00207458608985678
https://doi.org/10.1002/mds.26142
https://www.health.gov.il/hozer/mmk154_2016.pdf
https://www.health.gov.il/hozer/mmk154_2016.pdf
https://www.r-project.org/
https://doi.org/10.1002/mds.25532
https://doi.org/10.1002/mds.25532
https://doi.org/10.1016/j.nbd.2019.104526
https://doi.org/10.1371/journal.pone.0191436
https://doi.org/10.1152/jn.2001.85.1.468
https://doi.org/10.1152/jn.2001.85.1.468
https://doi.org/10.3389/fncel.2022.832854
https://doi.org/10.3389/fncel.2022.832854
https://doi.org/10.1155/2022/5141773
https://doi.org/10.18433/jpps30967
https://doi.org/10.1517/14656560903426171
https://doi.org/10.1016/j.nurt.2008.01.001
https://doi.org/10.1016/S0885-3924(02)00426-8
https://doi.org/10.1002/mds.20268
https://doi.org/10.1373/clinchem.2010.152439
https://doi.org/10.1002/cbdv.200790152
https://doi.org/10.4088/JCP.v64n0417
https://doi.org/10.4088/JCP.v64n0417
https://doi.org/10.1002/mds.22809
https://doi.org/10.1016/j.baga.2011.04.002

	A single-center real-life study on the use of medical cannabis in patients with dystonia
	1. Introduction
	2. Methods
	2.1. Subjects
	2.2. Questionnaire
	2.3. Statistical methods

	3. Results
	3.1. Demographics and disease characteristics of our cohort
	3.2. MC consumption habits
	3.3. MC reported efficacy
	3.4. MC reported side effects and treatment termination

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	References

