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Osteoarthritis is a common inflammatory and degenerative joint disease
characterized by associated chronic pain, often ensuing to diminished quality
of life. Current pain management options present small benefits and great side
effects, driving interest in potential treatments such as cannabis, for its anti-
inflammatory and analgesic effects. This trial aimed to assess the efficacy and
safety of cannabidiol (CBD) in a full-spectrum cannabis oil in managing
osteoarthritis-related pain.

Methods: Osteoarthritis patients were randomized into either placebo or
cannabis groups and monitored for 60 days. The cannabis group received a
CBD daily oral dose of 45 mg. Primary outcome was determined by pain intensity
measured utilizing the WOMAC, while secondary outcomes included the Visual
Analogue Scale (VAS) Beck Depression Inventory (BDI), Pittsburgh Sleep Quiality
Index (PSQI) and the MC S12/PC S12 scores (mental and physical components of
the quality of life SF-12 scale).

Results: At the end of intervention (i.e. 60 days or trial end-point), both the
placebo and cannabis groups exhibited comparable improvements in pain
scores, with no statistically significant differences in pain intensity observed
between groups. Likewise, secondary outcomes showed no significant
differences between groups. Furthermore, the CBD-rich cannabis oil was
well-tolerated, as no patients experienced any serious adverse events or
clinically significant changes in serum biomarkers.

Conclusion: CBD-rich cannabis oil treatment was well tolerated, with no serious
adverse effects observed. However, this treatment did not demonstrate
superiority over placebo in alleviating pain or improving secondary outcomes
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in osteoarthritis patients. Further multicentrical and larger trials are warranted to
explore the efficacy of alternative dosages and/or formulations containing CBD,
THC and other cannabinoids.

Clinical Trial Registration: https://clinicaltrials.gov/study/NCT06588972 Identifier:

INCT06588972].

osteoarthritis, pain, cannabinoids, cbd, WOMAC

1 Introduction

Osteoarthritis is characterized by chronic pain and progressive
inflammatory deformities of the joints, with the knee being the most
frequently affected site (Prieto-Alhambra et al., 2014; Martel-
Pelletier et al., 2016). This degenerative joint disorder is among
the most prevalent causes of disability in the elderly, and due to the
increasing prevalence of aging and obesity, it is currently estimated
that approximately 250 million people worldwide are affected by the
condition (Vos et al., 2016; Hunter and Bierma-Zeinstra, 2019).

Current therapies, including non-steroidal anti-inflammatory
drugs (NSAIDs) and opioids, often provide limited pain relief and
cause serious long-term side effects (Marcum and Hanlon, 2010). Of
note, physiological and pathological inflammation and nociception
processes are finely modulated by the endocannabinoid system.

The endocannabinoid system comprises endogenous lipid
mediators and the enzymes responsible for their synthesis and
degradation. The two main endocannabinoids are anandamide
(AEA) and 2-arachidonoylglycerol (2-AG). AEA is synthesized by
N-acyl phosphatidylethanolamine-specific ~ phospholipase D
(NAPE-PLD) and degraded by fatty acid amide hydrolase
(FAAH), whereas 2-AG is produced by diacylglycerol lipases o
and B (DAGLa and DAGLP) and hydrolyzed mainly by
monoacylglycerol lipase (MAGL). Both endocannabinoids exert
their biological effects primarily through activation of the
cannabinoid receptors CB1 and CB2 (Cristino et al, 2020).
Notably, osteoarthritis individuals express in the synovial tissue
both receptors (Richardson et al, 2008), that can be also
exogenously activated by Cannabis sativa plant-derived
molecules, collectively referred to as phytocannabinoids.

Among these phytocannabinoids, cannabidiol (CBD) has shown
significant potential in alleviating chronic pain and inflammation
across various pathological conditions (Manzanares et al., 2006;
Vuckovic et al., 2018; Henson et al., 2022). However, clinical
evidence regarding the efficacy of this isolated compound in
osteoarthritis still remains limited and frequently inconsistent
(Bebee et al., 2021; Dieterle et al., 2022; Schneider et al., 2022).
In this context, several authors have proposed that the combination
of phytocannabinoids naturally present in cannabis, such as delta-9-
tetrahydrocannabinol (THC) and other non-major cannabinoids,
may exert synergistic effects, thereby enhancing overall therapeutic
potential. This phenomenon is well-described and known as the
“entourage effect” (Russo, 2011; Anand et al, 2021), usually
achieved when using full-spectrum cannabis oil.

On this basis, our trial was designed to evaluate the effects of a
full spectrum CBD-rich cannabis oil in patients with osteoarthritis-
associated knee pain. This randomized, double-blind and placebo-
controlled clinical trial aimed to assess the treatment efficacy on pain
and quality of life improvement. In addition, we report the safety of
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this type of treatment through the adverse events and biochemical
parameters monitoring.

2 Methods
2.1 Cannabis based product

The commercial oil used in this trial consisted of a full-spectrum
Cannabis sativa extract formulated with medium-chain triglycerides
(MCT) as the excipient. The formulation was an amber-colored, oily
liquid with a characteristic herbal odor and homogeneous
appearance. The relative density of the product was 0.952 g/cm®,
consistent with typical MCT-based preparations. Quantitative
analysis of the main phytocannabinoids was performed using
validated high-performance liquid chromatography (HPLC)
(Dall’soto et al., 2025; F. et al,, 2025) according to the guidelines
of the National Institute of Metrology, Quality and Technology
(Inmetro, 2020), and validation parameters included matrix effect,
working range, linearity, limit of quantification, limit of detection,
and homoscedasticity. Each parameter was evaluated to ensure the
reliability and reproducibility of the quantitative results. Under these
analytical conditions, CBD concentration was confirmed at 22.5 mg/
mL, while A>-THC, terpenes, and other non-major cannabinoid
concentrations in the oil remained below the analytical detection
limit of 0.075 mg/mL, as measured by HPLC.

2.2 Clinical trial design

The CANOA trial was designed as a single-center, double-blind,
randomized, and placebo-controlled trial conducted at the
Laboratério de Cannabis e Psicodélicos, at the Universidade
Federal da Integragio Latino-Americana, in Brazil. Trial was
approved by the Human Research Ethics Committee of the
Universidade Estadual do Oeste de Paranda (CAAE:
71278323.90000.0107) and followed the Good Clinical Practice
(GCP) guidelines, the Declaration of Helsinki and the Brazilian
resolution for clinical trials No. 466/12. The CANOA trial was
registered on ClinicalTrials.gov (NCT06588972) and on Mendeley
Data Repository (10.17632/fwebftyrf2.1).

2.3 Participants

Patients diagnosed with knee osteoarthritis were enrolled from
January 2024 until October 2024, after signing the informed consent
form. Inclusion criteria were the following: knee osteoarthritis
diagnosis established according to the American Rheumatism
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Association criteria (Altman et al., 1986), confirmed by clinical and
radiographic findings and the presence of moderate to severe pain
intensity (Visual Analogue Scale >5); age between thirty (30) and
seventy (70) years-old; and for women of reproductive age, a
negative Beta-HCG test and the use of a contraceptive method
throughout the trial lasting for at least for 3 months after its
conclusion. Exclusion criteria included patients with heart failure,
hypertension, or any heart disease; substance use disorder; treatment
with strong opioids; chronic kidney disease or liver failure; chronic
inflammatory conditions; severe psychiatric disorders such as severe
mood or psychotic disorders; current use of cannabinoids via any
route of administration; pregnant or breastfeeding women.

2.4 Intervention

This was a double-blind, randomized and placebo-controlled
clinical trial. Full-spectrum CBD-rich cannabis oil obtained from C.
sativa—or MCT oil, as placebo-was administered orally twice per day
(morning and evening) for 60 days (i.e., trial endpoint), a CBD daily
dose of 45 mg. Patients were not required to be fasting at the oil
administration time and continued their doctor-prescribed routine
medications during the intervention period.

2.5 Randomization and blinding procedures

Randomization was stratified sequentially, first by pain intensity
according to baseline WOMAC scores and subsequently by BMI
categories, in order to ensure balanced allocation across clinically
relevant strata. Within each stratum, participants were assigned to
either the placebo or cannabis oil group using a computer-generated
randomization list (random.org). Allocation concealment was
maintained through the use of sealed, opaque, and sequentially
numbered envelopes, handled by a research assistant not involved in
participant recruitment or assessment. Both participants and
researchers remained blinded to group allocation throughout
the trial.

2.6 Outcome measures

2.6.1 Primary outcome

The primary outcome was the change in pain levels, using the
Likert version of the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) and the pain domain of the
WOMAC scale. Pain levels were categorized as 0-8 (mild), 9-14
(moderate), and 15-20 (severe), as described previously (Kapstad
et al., 2008; Messier et al., 2022).

2.6.2 Key secondary outcomes

Secondary outcomes included pain levels evaluated by Visual
Analogue Scale (VAS), changes in quality of life assessed using the
12-Item Short-Form Health Survey (SE-12), focusing on the
“maximum walking” and “activities of daily living” domains.
Scores ranged from 0 (worst quality of life) to 100 (best quality
of life). Depression levels were measured using the Beck Depression
Inventory (BDI), with scores from 0-9 (no depression), 10-18 (mild
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to moderate depression), 19-29 (moderate to severe depression), and
30-63 (severe depression). Sleep quality was assessed using the
Pittsburgh Sleep Quality Index (PSQI), with scores classifying
sleep as good (0-4), poor (5-10), or indicating significant sleep
disturbance (>10).

2.6.3 Exploratory secondary outcomes

As a follow-up exploratory measure, we performed at trial
commencement and endpoint a comprehensive metabolic and
lipid panel analysis utilizing participants’ serums. For the
metabolic panel the gamma-glutamyltransferase (GGT), aspartate
aminotransferase (AST), alanine aminotransferase (ALT) and
creatinine, whereas for the lipid panel the total cholesterol, high-
density lipoprotein (HDL), low-density lipoprotein (LDL), very low-
density lipoprotein (VLDL) and triglycerides were assessed. Values
were expressed as U/L, units per liter.

2.7 Safety assessments

During this clinical trial, active monitoring of participants was
conducted to detect any treatment-related adverse events.
Participants were monthly interviewed to verify any unexpected
effects and were encouraged to promptly report any adverse
symptoms experienced during the clinical trial. Adverse events
were documented and classified as non-serious or serious
according to the International Council for Harmonisation (ICH)
E2A guidelines (International Conference on Harmonisation of
Technical Requirements for Registration of Pharmaceuticals for
Human Use, 1994). The severity of adverse events was assessed
using the Udvalg for Kliniske Undersogelser (UKU) Side Effect
Rating Scale, in which each adverse event is graded as mild,
moderate, or severe according to its intensity and clinical impact
(Lingjaerde et al., 1987).

2.8 Power and sample size considerations

The sample size was calculated using ANCOVA (fixed effects,
main effects and interactions) in G*Power 3.1, which served as a
conservative and appropriate approximation for our study design.
The parameters used were: a = 0.05, f = 0.20 (power = 80%), effect
size f = 0.42, and two groups. This effect size is comparable to the
value reported in a meta-analysis of cannabinoid effects on pain
(0.58) (Yanes et al., 2019), and was also consistent with the effect size
(Wallace et al.,, 2015). The required sample size calculated under
these conditions was 29 participants. Subsequently, it was possible to
increase this number to 45 participants, enhancing the statistical
power and reliability of the findings.

2.9 Statistical analysis

Continuous variables were expressed as means * standard
deviation (+SD) or as medians and 95% confidence intervals
(95% CI, upper and lower limits), depending on data distribution
as determined by the Shapiro-Wilk normality test. Categorical
variables were presented as absolute (n) and relative frequencies
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Psychiatric disorder (n= 3)

l
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(n=45)

Cannabis Allocation

Received treatment (n=23)

l ,

Lost to follow-up (n=2)

Follow-up

(Withdrew because of personal reasons)

Analyzed (n=21) | Analysis

FIGURE 1
Participant flow through the CANOA trial

(n%). Comparisons between continuous variables were performed
using the independent samples Student’s t-test or the Mann-
Whitney U test, as appropriate. Associations between categorical
variables were evaluated using the Chi-square test with adjusted
standardized residual analysis. All analyses were conducted
according to a modified intention-to-treat (mITT) principle,
which included all randomized participants who completed at
least one post-baseline assessment. For longitudinal analysis of
quantitative outcomes over time between treatment groups, we
employed Generalized Estimating Equations (GEE) with a
gamma distribution and log link function, considering repeated
measurements across time points. The analytical model accounted
for within-subject correlations and provided robust estimations of
group-by-time effects. Missing data were handled using the mean
imputation method. Fisher’s exact test was employed to compare the
proportions of adverse events between groups, with multiple testing
controlled via the Benjamini-Hochberg procedure. Risk ratios (RR)
were calculated as the ratio of event incidence in the cannabis group
to that in the placebo group, with 95% confidence intervals (CIs)
estimated using the logarithmic method based on the standard error
of log(RR). For events with zero cases in one or both groups, RR and
CIs were not computed. All statistical analyses were performed using
SPSS version 18.0, and statistical significance was set at p < 0.05.
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l
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3 Results
3.1 Patients baseline characteristics

Sixty-one patients averaged 61.91 years and diagnosed with
osteoarthritis were screened. Most of these patients were women
and white, representing 88.88% and 66.66% respectively, of the trial
population. Following exclusion and inclusion criteria screening,
forty-five patients were randomized to either placebo or cannabis
group, comprehending patients of similarly distributed age, sex and
BMI baseline characteristics (Figure 1). Both groups were well
balanced in respect to concomitant medication being taken. In
the placebo group, the most commonly used medications were
NSAIDs (50.0%), paracetamol or dipyrone (40.91%), and weak
opioids (22.73%). Similarly, in the cannabis group, NSAIDs
(43.48%) and paracetamol or dipyrone (39.13%) were also the
most frequent medications, while weak opioids accounted for
8.70%
comparable between groups (13%). Regarding lifestyle factors, no

of concomitant treatments. Corticosteroid use was
participants were smokers, and only a single individual in the
cannabis group reported alcohol consumption.

With respect to pain assessment at baseline, total WOMAC
scores were 66.82 (95% CI: 59.30-74.33) and 69.48 (62.84-76.11) for
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TABLE 1 Baseline parameters.

10.3389/fphar.2025.1657065

Characteristics Placebo Cannabis p value
N 22 23
Age, y mean [CI] 61.91 [56.65-67.17] 61.96 [57.27-66.64] 0.98
Sex, n (%)
Women 21 (95.45) 19 (82.61) 0.18
Men 1 (4.55) 4 (17.39) 0.18
BMI, mean [CI] 31.84 [29.38-34.31] 31.61 [28.92-34.30] 0.89
Monthly income, n (%)
up to 1 minimum wage 5(22.73) 4 (17.39) 0.72
1-2 minimum wages 9 (40.91) 6 (26.09) 0.36
2-7 minimum wages 8 (36.36) 10 (43.48) 0.77
>7 minimum wages - 3 (13.04) 0.11
Race, n (%)
White 16 (72.73) 14 (60.87) 0.39
Multiracial (pardo) 4 (18.18) 8 (34.78) 0.21
Black 1 (4.55) 1 (4.35) 1
Prefer not to answer 1 (4.55) - 0.49
Education level, n (%)
Less than high school 11 (50.0) 10 (43.48) 0.77
High school graduate 7 (31.82) 5 (21.74) 0.52
College or professional degree 4 (18.18) 8 (34.78) 0.20
Currently therapy, n (%)
Paracetamol and dipyrone 9 (40.91) 9 (39.13) 1.00
Antidepressants 4 (18.18) 7 (30.44) 0.49
NSAIDs 11 (50.0) 10 (43.48) 0.76
Corticosteroids 3 (13.64) 3 (13.04) 1.00
Weak opioids 5(22.73) 2 (8.70) 0.21
Antiepileptics 3 (13.64) 9 (23.13) 0.50
Smoker, n 0 0
Alcohol user, n (%) 0 1 (4.35) 0.48
WOMAC score, mean [CI] 66.82 [59.30-74.33] 69.48 [62.84-76.11] 0.58
WOMAC pain score, mean [CI] 13.45 [11.69-15.22] 13.78 [12.51-15.06] 0.75
VAS score, mean [CI] 8.50 [7.91-9.09] 8.04 [7.22-8.86] 0.35
BDI score, mean [CI] 13.32 [9.89-16.75] 15.30 [10.52-20.09] 0.49
PSQI score, mean [CI] 9.32 [7.45-11.19] 9.7 [8.22-11.17] 0.74
SF-12 score
PC S12 27.82 [24.22-31.42] 27.46 [25.40-29.53] 0.85
MC S12 42.62 [37.15-48.08] 39.18 [32.85-45.50] 0.39
Serology
ALT U/L, mean [CI] 22.33 [19.06-25.61] 22.41 [18.09-24.73] 0.68
AST U/L, mean [CI] 26.14 [23.07-29.20] 24.70 [21.83-27.56] 0.48
GGT U/L, mean [CI] 31.23 [10.31-52.14] 34.30 [245.71-43.90] 0.77
Creatinine mg/dL, mean [CI] 0.97 [0.88-1.05] 0.94 [0.87-1,01] 0.64
Cholesterol mg/dL, mean [CI] 192.8 [180.2-205.4] 204.3 [187.2-221.4] 0.26
HDL mg/dL, mean [CI] 58.23 [51.78-64.67] 55.59 [50.29-60.89] 0.51
LDL mg/dL, mean [CI] 100.1 [87.26-112.9] 113.0 [97.78-128.2] 0.18
VLDL mg/dL, mean [CI] 34.45 [26.98-41.93] 38.79 [28.90-48.68] 0.47

Frontiers in Pharmacology

05

(Continued on following page)

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1657065

Mojoli et al.

TABLE 1 (Continued) Baseline parameters.

Characteristics

10.3389/fphar.2025.1657065

Cannabis

Triglycerides 172.1 [134.9-209.2]

193.8 [144.4-243.2] 0.65

N, number; y, years; CI, confidence interval; BMI, body mass index; NSAID, Non-Steroidal Anti-Inflammatory Drug; WOMAC, Western Ontario and McMaster Universities Osteoarthritis
Index; VAS, visual analogue scale; BDI, beck depression inventory; PSQI, pittsburgh sleep quality index; SF-12, 12-Item Short-Form Health Survey; PC S12, Physical Component Summary; MC
$12, Mental Component Summary; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, Gamma-Glutamyl Transferase; HDL, High-Density Lipoprotein; LDL, Low-Density
Lipoprotein; VLDL, Very Low-Density Lipoprotein; U/L, units per liter; mg/dL, Milligrams per Deciliter.

W Placebo
B

>
R
g

3
'WOMAC score
8 & 8 8

'WOMAC pain score
@

@ Cannabis

Visual Analogue Scale

T T T T
0 30 60 0

Days of treatment

FIGURE 2

Days of treatment

T 0 T T
60 0 30 60

Days of treatment

Progression of pain levels over time, measured using (A) the WOMAC Pain, (B) WOMAC and (C) the VAS scales in patients with knee osteoarthritis.

Data represents mean + standard deviations.

TABLE 2 Primary and secondary outcomes.

Outcomes Cannabis Mean difference Cohen’s d values p value
TO (95% Cl)
WOMAC pain score 13.45 8.35 13.78 7.60 0.74 (~3.74-5.22) 0.17 0.794
WOMAC score 66.82 42.56 69.48 42.72 ~0.17 (-22.27-21.94) 0.09 0.864
VAS score 8.50 5.57 8.04 537 02 (-2.17-2.58) 0.01 0.663
BDI score 13.32 6.77 15.30 7.22 ~0.45 (~7.09-6.20) 0.03 0.872
PSQI score 9.32 6.14 9.70 6.34 ~0.20 (-3.73-3.33) 0.08 0.752
SF-12 score
PC S12 27.81 3691 27.46 37.86 ~0.96 (~12.50-10.58) 0.05 0.872
MC S12 42.62 56.00 39.18 54.28 1.72 (-8.31-11.75) 0.16 0.680

WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; VAS, visual analogue scale; BDI, beck depression inventory; PSQI, pittsburgh sleep quality index; SF-12, 12-Item
Short-Form Health Survey; PC S12, Physical Component Summary; MC S12 Mental Component Summary.

the placebo and cannabis groups, respectively. Similarly, the
WOMAC pain subscale scores were 13.45 (95% CI: 11.69-15.22)
for the placebo group and 13.78 (95% CI: 12.51-15.06) for the
cannabis group. Finally, the VAS scores were 8.50 (95% CI:
7.91-9.09) and 8.04 (95% CI. 7.22-8.86) for the placebo and
cannabis groups, respectively.

In this regard, primary, secondary, and exploratory outcomes
were comparable between groups, indicating homogeneity of the
study population before intervention. These and other baseline
characteristics of patients included in our clinical trial are shown
in Table 1. Unlike patients in the placebo group, two patients from
the cannabis group withdrew because of personal reasons. A
schematic flow chart summarizing randomization procedures is
presented on Figure 1.

Frontiers in Pharmacology

3.2 Primary outcome

As shown in Figures 2A,B, no statistically significant
differences were observed between the placebo and cannabis
groups regarding mean pain intensity, as measured by both
the WOMAC pain subscale and the total WOMAC scores,
60 days after treatment. At the trial end point, fifteen patients
of each group reported some decrease in these two scales,
representing 68.2% and 71.4% of the patients in the placebo
and cannabis group, respectively. Although both groups
improved over time (time effect), this improvement occurred
to a similar extent in each group, with no significant group-by-
time interaction. Table 2 summarizes treatment-induced findings
for WOMAC pain subscale. At the trial end point, the mean
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TABLE 3 Comprehensive metabolic and lipid panel serum values.

Biomarker

10.3389/fphar.2025.1657065

Cannabis

37.1 (6.716-67.47)

34.3 (24.71-43.90.)

34.57 (23.41-45.73)

23.33 (21.20-25.47)
19.8 (16.25-23.35)
1.05 (0.9449-1.154)

192.8 (178.8-206.8)

24.7 (21.83-27.56)
21.41 (18.09-24.73)
0.94 (0.87-1.01)

204.3 (187.2-221.4)

24.35 (21.74-26.96)
21.1 (17.43-24.77)
0.98 (0.91-1.05)

193.2 (177.2-209.3)

49.1 (44.36-53.83)
108.3 (94.04-122.6)

35.46 (26.30-44.62)

55.59 (50.29-60.89)
113 (97.78-128.2)

38.79 (28.90-48.68)

48.43 (43.75-53.11)
109 (96.37-121.6)

36.6 (26.42-46.78)

GGT 31.23 (10.31-52.14)
AST 26.14 (23.07-29.20)
ALT 22.33 (19.06-25.61)
Creatinine 0.97 (0.88-1.05)

Cholesterol 192.8 (180.2-205.4)
HDL 58.23 (51.78-64.67)
LDL 100.1 (87.26-112.9)
VLDL 34.45 (26.98-41.93)
Triglycerides 172.1 (134.9-209.2)

177.3 (131.5-223.1)

193.8 (144.4-243.2)

183 (132.1-233.9)

GGT, gamma-glutamyltransferase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density

lipoprotein; U/L, units/liter. Data are shown as mean and 95% confidence interval.

reduction was 8.35 (95% CI: 6.59-10.58) for the placebo group
and 7.60 (95% CI: 5.66-10.21) for the cannabis
group. Additionally, total WOMAC scores at 60 days were
42.56 (95% CI: 33.79-53.59) and 42.72 (95% CI: 33.00-55.30)
for the placebo and cannabis groups, with a mean group
difference of —0.17 (95% CI: 22.27-21.94; p = 0.86) (Table 2).
Effect size analysis (Cohen’s d) revealed negligible group
differences across primary outcomes, consistent with the non-
significant statistical results.

3.3 Key secondary outcomes

As observed for primary outcomes, at the trial endpoint, no
treatment-induced effects were reached at any secondary outcomes
with negligible effect sizes (Cohen’s d), as also shown in Table 2.
Mean reduction in VAS score was 5.57 (95% CI: 4.57-6.79) for the
placebo group and 5.37 (95% CI: 4.34-6.63) for the cannabis group,
being 0.2 (95% CI: 2.17-2.58; p = 0.66) the mean group difference
(Figure 2C). BDI mean scores did not show significant variation
between groups, with values of 6.77 (95% CI: 3.93-11.67) and 7.22
(95% CI: 5.13-10.17) for the placebo and cannabis groups (mean
group difference —0.45 [95% CI: 7.09-6.20]; p = 0.87). Comparable
results were achieved among PC S12 and MC S12 values of the SF-
12, being 36.91 (95% CI: 31.58-43.13) and 56.00 (95% CI: 51.6-60.7)
the scores for the placebo group, and 37.86 (95% CI: 33.07-43.35)
and 54.28 (95% CI: 49.5-59.4) registered for the cannabis group,
respectively.

3.4 Exploratory secondary outcomes

During the clinical trial, nine different serum parameters were
monitored: GGT, AST, ALT, creatinine, total cholesterol, HDL,
LDL, VLDL. At the trial endpoint, we did not observe any
changes in any of the serum biomarkers considered throughout
the trial. A complete description of these parameters is presented
on Table 3.
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3.5 Adverse events

No serious adverse effects were reported throughout the entire
clinical trial (Table 4), as well as no treatment-induced significant
adverse events were found. All recorded adverse events were mild in
severity. At the end of the treatment, ten types of adverse events in
the placebo group and eleven types in the cannabis group were
reported. More precisely, adverse events were recorded for
22 patients from the placebo group and 20 patients from the
cannabis group. Among all adverse events, constipation (21.7%),
weight gain (30.4%), weight loss (21.7%) and decreased salivation
(34.7%) were the most common adverse events reported in the
cannabis group. In fact, a similar number of patients reported weight
gain as much as weight loss, for both groups. Decreased salivation
was the event most described affecting six patients (27.2%) in the
placebo group and eight patients (34.7%) in the cannabis
group. Nonetheless, no statistical differences between groups
were observed.

4 Discussion

This clinical trial assessed the use of a full spectrum CBD-rich
cannabis oil to treat osteoarthritis-associated knee pain. After
60 days of treatment (trial endpoint), improvements were
observed in primary and secondary outcomes for both the
placebo and cannabis groups, with no significant differences
between them. Of note, cannabis extract administration did not
induce any adverse events, as confirmed by both clinical and
laboratory assessments. Considering current literature, we are
originally reporting, under these clinical trial conditions, the use
of a full-spectrum C. sativa extract for the treatment of
osteoarthritis-associated knee pain.

Pain, as defined by the international association, is an
unpleasant sensory and emotional experience, associated with,
or resembling that associated with, actual or potential tissue
damage. More specifically, osteoarthritis-associated pain
intensity (which comprises sensory components) and perception
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TABLE 4 Adverse events registered during the clinical trial.

10.3389/fphar.2025.1657065

Event Placebo no (%) Cannabis no (%) Risk ratio (RR) 95% ClI p value
Difficulty concentrating 0 (0%) 0 (0%) - - 1.00
Drowsiness 3 (13.6%) 3 (13.0%) 0.96 0.22-4.18 1.00
Memory 4 (18.1%) 3 (13.0%) 0.72 0.18-2.84 1.00
Tremor 1 (4.5%) 0 (0%) 0.21 0.01-4.15 1.00
Nausea/Vomiting 0 (0%) 1 (4.3%) - - 0.69
Diarrhea 1 (4.5%) 1 (4.3%) 0.96 0.06-15.00 1.00
Increased salivation 0 (0%) 1 (4.3%) - - 0.69
Decreased salivation 6 (27.2%) 8 (34.7%) 1.28 0.53-3.12 0.77
Constipation 2 (9.0%) 5 (21.7%) 2.41 0.52-11.17 0.49
Dizziness 6 (27.2%) 2 (8.6%) 0.32 0.07-1.43 0.52
Palpitation/Tachycardia 1 (4.5%) 2 (8.6%) 1.90 0.18-20.04 0.89
Erythema 0 (0%) 0 (0%) - - 1.00
Itching 0 (0%) 0 (0%) - - 1.00
Weight gain 4 (18.1%) 7 (30.4%) 1.68 0.57-4.94 0.59
Weight loss 3 (13.6%) 5 (21.7%) 1.59 0.42-6.03 0.69

(which comprises emotional bias) are very complex phenomena,
posing challenges in measurements that include participants’
optimistic attitudes, recall bias, or even their desire to please
the researcher. Furthermore, the Hawthorne effect can influence
pain assessment, potentially complicating results interpretation,
which might explain why improvements are observed even in the
placebo group, potentially masking the difference between the
treated and no treated groups (Wise et al., 2010; Berthelot
et al., 2011).

In our trial, no significant cannabis-induced improvement was
observed in pain levels when compared to the placebo group, as
assessed using the WOMAC scale (the primary outcome).
Corroborating, another clinical trial with osteoarthritis patients
has failed to show CBD-induced pain alleviation. Patients with
osteoarthritis-induced knee pain treated with 600 mg/day of
isolated CBD for 8 weeks presented no significant amelioration
when compared with placebo (Pramhas et al., 2023). Here, we
employed a lower dose of 45 mg of CBD per day to minimize
potential toxic effects, while also considering the possible entourage
effect commonly observed with full-spectrum (containing multiple
cannabinoids) cannabis extracts (Russo, 2011; Anand et al., 2021).
Additionally, cannabinoids usually exhibit biphasic effects,
displaying a non-linear dose-response relationship where lower
doses may exert therapeutic benefits, while higher concentrations
can lead to reduced efficacy (Shustorovich et al., 2024). In even lower
dosages, 10-20 mg/day of CBD, patients with hand or psoriatic
arthritis did not experience pain reduction (Vela et al,, 2022). Of
note, augmented CBD concentrations have been linked to elevated
hepatic aminotransferase levels in treated patients (Devinsky et al.,
2018; Pramhas et al., 2023). Overall, CBD only does not seem to be
efficient to control pain levels, as assessed by others and our primary
outcome measures.
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Likewise, the secondary outcomes here addressed showed no
significant treatment-induced improvement over time, as reported
by no significant differences between the placebo and cannabis
groups. Comorbidities such as depression and anxiety not only
exacerbate pain levels but also increase disability in arthritis, ensuing
diminished quality of life in affected patients (Creamer et al., 1999;
Lin et al., 2003; Loggia et al., 2008; Duica et al., 2020). For both
groups, depression symptoms and sleep difficulties -assessed using
the BDI and the PSQ]L, respectively -, showed notable amelioration.
In addition, both general health status and health-related quality of
life also improved, with no significant differences observed between
the groups. These outcomes could also be explained by the same
factors possibly influencing the primary outcome, including but not
limited to the Hawthorne effect, expectancy bias and the sense of
support developed with the clinical trial investigator. Established
patient-researcher relationships present the potential to create
emotional states involving a sense of being cared for and
supported, which can significantly impact treatment outcomes
(Kelley et al, 2014), while emotional distress is known to
conjointly amplify the painful experience. In this sense, this
overall emotional distress mitigation induced by the trial might
also have played a role in the primary outcome observed changes.
We acknowledge that further trials with larger sample sizes are
needed to generalize our findings, as well as the addressing of
different cannabinoids combinations, concentrations and ratios.

Different cannabinoids combinations and ratios could lead to a
fuller analgesic effect. For instance, the analgesic properties of less
expressed cannabinoids as cannabigerol and cannabichromene have
already been described (Morales et al., 2017; Wen et al, 2023;
Sepulveda et al, 2024). We here employed a full-spectrum oil
with virtually no THC, leaving for debate the potential analgesic
properties of THC for osteoarthritis therapy, as well as the urge to
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investigate the effects of oils containing both CBD and THC. This
clinical trial proves wrong the existent non-clinical literature
showing CBD possesses anti-inflammatory and pain-modulating
properties in osteoarthritis (Gamble et al., 2018; O’Brien and
McDougall, 2018; Verrico et al., 2020; Mejia et al., 2021; Vaughn
et al,, 2021), and still, the possible mechanisms involved in this
phenomenon have eluded study.

Most CBD mechanisms of action are non-cannabinoid mediated
at low doses. CBD acts as a modest agonist of serotoninergic 5-HT1A
receptors, modulating pain perception (Russo et al., 2005) and also
binds to and desensitizes the transient receptor potential vanilloid
(TRPV1), disrupting pain signaling. Additionally, CBD affects
endocannabinoid biodisponibility by inhibiting the reuptake of
AEA and its hydrolysis by FAAH (Bisogno et al, 2001).
Meanwhile, the combination of CBD and THC as analgesic
therapy remains controversial in literature. While some studies
suggest that CBD may synergistically enhance THC’s analgesic
effects (Russo, 2011), others report that the combination is
ineffective, with analgesic effects observed only with isolated THC
(Gorbenko et al, 2024). THC produces analgesic effects by
modulating supraspinal pathways involved in the perception and
processing of pain at brain level (Manzanares et al,, 2006). Unlike
CBD, it regulates pain and inflammation by directly activating
CB1 and CB2 receptors (Henson et al, 2022), reducing pain
perception and unpleasantness (Lee et al., 2013). In this trial, THC
and other cannabinoid levels in the oil were below the detection limit
of our methodology. That said, it is unlikely that THC exerted any
significant effect in these patients, given its practically minimal dosage.
Even though we assume the observed outcomes and adverse events in
this clinical trial are primarily attributable to CBD we can not
completely rule out THC participation.

THC and CBD adverse events follow a dose-dependent manner
and differ in pattern. The former is mainly associated with dizziness,
drowsiness, dry mouth, vomiting, and cognitive impairments
(Gottschling et al., 2020). Increased appetite is also attributed to
THC -induced CBI receptor activation, which in turn induces
augmented food intake and may promote weight gain (Koch and
Matthews, 2001; Wiley et al, 2005). In contrast, CBD is more
frequently linked to diarrhea, somnolence, reduced appetite,
vomiting, and elevations in liver enzymes (Gottschling et al,
2020). Our 2 months treatment did not lead to any alterations in
biochemical parameters, nor did it result in any psychotropic or
serious adverse effects. The most frequently reported adverse events
in the cannabis group included decreased salivation, weight
variations (gain or loss), and constipation. At the trial endpoint,
weight gain (30.4%) and weight loss (21.7%) were similarly reported
among cannabis-treated patients, with no statistically significant
differences compared to the placebo group. Collectively, our
findings are consistent with findings reported in other studies
(Consroe et al., 1991; Naftali et al., 2017; Irving et al., 2018) and
highlight the extremely safe profile of cannabis treatment in patients
with knee osteoarthritis.

5 Limitations

This trial presents limitations that should be recognized. First,
THC and other minor cannabinoids were below the detection limit
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of our analytical method. Therefore, the lack of efficacy of treatment
may be related to the low cannabinoid dosage—particularly
In this
context, it becomes critical to provide a detailed phytochemical

undetectable THC content—in the administered oil.
characterization of cannabis oils, addressing the concentration and
potential contribution of other cannabinoids present in full-
spectrum formulations. Moreover, only one specific CBD-rich
formulation and dosage were evaluated; future studies should
explore different cannabinoid combinations, concentrations, and
ratios to better determine their therapeutic potential. Finally, the
relatively small sample size limits the generalizability of our findings,
underscoring the need for larger, multicentric clinical trials to
confirm and expand upon these results.

6 Conclusion

In this clinical trial, the use of a CBD-rich cannabis oil for
osteoarthritis-induced knee pain did not result in significant
improvement compared to the placebo treatment. Nevertheless,
the treatment demonstrated a favorable safety and tolerability
profile, with no major adverse or psychotropic effects observed
over the 2-month intervention period. These findings support the
safety and tolerability of medicinal cannabis in our conditions.

We highlight the need for future studies using different
CBD and THC-possibly with
cannabinoids-and most importantly the use oils with higher THC

combinations  of other
content, as well as longer follow-up periods and larger and
multicentrical populations to better determine potential cannabinoid
efficacy for pain management associated with osteoarthritis.
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