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Abstract: Background and Objectives: Nutraceuticals are gaining more and more importance as a
knee osteoarthritis (KOA) complementary treatment. Among nutraceuticals, hemp seed oil and
terpenes are proving to be very useful as therapeutic support for many chronic diseases, but there are
still few studies regarding their effectiveness for treating KOA, both in combination and separately.
The aim of this study is thus to compare the effect of two dietary supplements, both containing
hemp seed oil, but of which only one also contains terpenes, in relieving pain and improving joint
function in patients suffering from KOA. Materials and Methods: Thirty-eight patients were recruited
and divided into two groups. The control group underwent a 45 day treatment with a hemp seed
oil-based dietary supplement, while the treatment group assumed a hemp seed oil and terpenes
dietary supplement for the same period. Patients were evaluated at the enrollment (T0) and at the
end of treatment (T1). Outcome measures were: Numeric Rating Scale (NRS), Oswestry Disability
Index (ODI), Short-Form-12 (SF-12), Knee Injury Osteoarthritis Outcome Score (KOOS), and Oxford
Knee Score (OKS). Results: All outcome measures improved at T1 in both groups, but NRS, KOOS and
OKS had a greater significant improvement in the treatment group only. Conclusions: Hemp seed oil
and terpenes resulted a more effective integrative treatment option in KOA, improving joint pain and
function and representing a good complementary option for patients suffering from osteoarthritis.

Keywords: knee osteoarthritis; rehabilitation; dietary supplement; hemp seed oil; terpenes

1. Introduction

Knee osteoarthritis (KOA) is the most common form of limb osteoarthritis [1]. It
is a chronic joint disease which is characterized by degenerative lesions of the articular
cartilage that progressively cause pain, motor impairment and, in the most severe cases,
deformation of the joint itself [2,3]. Although one of the main risk factors is old age, as
KOA predominantly affects people in their 70s [4], KOA is also increasing in patients aged
between 45 and 70 [5], emerging recently as a very relevant problem for society and placing
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it among the most common causes of disability [6]. At present, KOA remains an untreatable
condition because its mechanisms of progression are not fully understood [7].

Therefore, the goal of osteoarthritis treatment is to alleviate symptoms and to slow
down the disease progression. The KOA therapeutic spectrum ranges from pharmacother-
apy to physical therapies, orthotics and, finally, surgery and rehabilitation [8-12]. In
recent years, nutraceuticals, which are dietary supplements used to improve health, de-
lay aging, prevent disease, and support the functioning of the human body, are gaining
importance [13]. In patients with osteoarthritis, the assumption of long-chain omega-3 fatty-
acids from fish oil supplements and micronutrients such as vitamin K is considered very
useful [14], since it has a role in bone and cartilage mineralization. New molecules are con-
stantly emerging, including components of industrial hemp (Cannabis sativa, Cannabacae),
which have already been shown to be effective for anxiety disorders and in reducing oxida-
tive stress, contrasting the risk of chronic diseases including joint diseases, neurological
disorders, digestive problems and skin conditions [15,16]. Recent studies showed impor-
tant preclinical and clinical evidence about Cannabis Sativa pain relief properties [17,18],
especially because it contains two main phytocannabinoids: D9-tetrahydrocannabinol
(D9-THC) and cannabidiol (CBD) [19,20].

Among the several components of Cannabis Sativa, as flavonoids, vitamins, fatty
acids, sterols, lignanamides, spiroindans, and alkaloids that may have health benefits [21],
terpenes represent a very attractive option for pain treatment [22]. In particular, 3-
caryophyllene (BCP), a bicyclic sesquiterpene very present in Cannabis Sativa, has been
widely investigated and highly appreciated for its low toxicity and considerable safety
profile [23]. One of its main targets was described to be the cannabinoid receptor type 2
(CB2 receptor), for which it is thought to act as a full agonist [24]. Interestingly, recent data
suggest that the selective agonism of CB2 receptors may constitute a novel strategy for treat-
ing chronic pain [25]. 3-Myrcene is a monoterpene composed of two isoprene units, and a
recent study showed its significant anti-inflammatory and anti-catabolic effects in human
chondrocytes and, thus, its ability to halt or, at least, slow down cartilage destruction and
osteoarthritis progression [26]. Ginger extract takes advantage of the anti-inflammatory
properties of gingerols and shagaols, which selectively inhibit COX-2 (cyclooxygenase-2)
and inflammatory cytokines [27]. Nevertheless, there remains little evidence with regard to
the effects of Cannabis Sativa components on osteoarthritis pain management, especially
from a clinical point of view.

Thus, the aim of this study is to compare the effect of two regimens of food supple-
mentation in relieving pain and to improve joint function in patients aged between 45 and
70 suffering from KOA: the first one based exclusively on hemp seed oil (without cannabi-
noids), the second one based on hemp seed oil (without cannabinoids) but potentiated with
terpenes ([3-caryophyllene and myrcene). This comparison could be useful to understand if
the two nutraceuticals are useful and if one of these is better than the other, considering
their different composition.

2. Materials and Methods

The study model is a double-blind prospective case-control study. The study was car-
ried out in the period between March and August 2022. Patients were enrolled if they met
the following criteria: age between 45 and 70 years; a clinical diagnosis of KOA according
to the American College of Rheumatology criteria; knee pain > 4 according to the Numeric
Rating Scale (NRS) at the enrollment and in the previous 15 days; radiographic KOA
classifiable as grade II-III according to Kellgren-Lawrence scale; ability to understand the
purpose and design of the study, and to provide informed consent. Exclusion criteria were:
KOA local complications (e.g., hematoma and joint effusion); knee pain due to trauma
(during the previous month); any disease potentially interfering with medical evaluation
different from KOA (e.g., rheumatoid arthritis, metabolic inflammatory arthropathy); lo-
cal drug infiltration (hyaluronic acid, steroids, stem cells, polynucleotides, Platelet Rich
Plasma) or physiotherapy (e.g., laser therapy, shock wave therapy, therapeutic exercise,
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etc.) within the previous 45 days; assumption of non-steroidal anti-inflammatory drugs or
analgesics within 15 days prior the enrollment; assumption of slow-acting drugs or dietary
supplements in the previous 3 months (e.g., chondroitin sulfate, diacerein, soybean and
avocado unsaponifiables, oxaceprol, granions de cuivre, glucosamine, phytotherapy for
osteoarthritis); contraindications to acetaminophen; systemic diseases which contraindi-
cate nutraceuticals assumption (liver failure, kidney failure, uncontrolled cardiovascular
disease); pregnant or lactating women; pre-menopausal women not using contraception;
and patients enrolled in other clinical trials within the past three months.

Thirty-eight patients with monolater KOA were recruited and then divided into two
groups, each consisting of nineteen subjects.

At the time of recruitment (T0), all patients underwent a medical examination, which
included medical history, standardized physical examination, and x-rays evaluation. There-
fore, the weight and height of each patient were detected and the Body Mass Index (BMI)
was calculated according to the formula: weight (Kg)/height (m?). The following rating
scales were then measure for each patient:

e  Numeric Rating Scale (NRS): this is a one-dimensional scale that rates pain from 0, the
absence of pain, to 10, the maximum perceived pain;

e  Oswestry Disability Index (ODI): this is a scale that rates the percentage value of
disability and ranges from 0%, no disability, to 100%, maximum disability;

e  Short Form 12 (SF-12): this is a quality of life assessment scale. It is divided into
physical domain (PCS) and mental domain (MCS). The higher the score, the better the
patients’ quality of life;

e  Knee Injury and Osteoarthritis Outcome Score (KOOS): this is a percentage value that
quantifies clinical symptoms, disability, and quality of life in patients suffering from
knee diseases. It ranges from 0% (severe disability) to 100% (optimal condition);

e  Oxford Knee Score (OKS): this assesses the severity of osteoarthritis from 0 to 48 (severe
osteoarthritis 0-19; moderate-severe osteoarthritis 20-29; mild-moderate osteoarthritis
30-39; no sign of osteoarthritis 40—48).

Patients belonging to the control group underwent a 45 day treatment with a dietary
supplement based on hemp seed oil (413 mg/capsule) in a softgel capsule format.

Patients belonging to the treatment group underwent a 45 day treatment with a dietary
supplement based on hemp seed oil (413 mg/capsule), 3-caryophyllene (35 mg/capsule),
myrcene (15 mg/capsule), and ginger extract titrated in gingerols (66 mg/capsule). The
hemp seed oil contained in both dietary supplements was composed mainly of Linoleic
(55.90%), gamma-Linolenic (19.10%) and Oleic (9.30%) acids. Patients were unaware of
which of the two dietary supplements they were taking as they were not identifiable from
the packaging. Similarly, the physicians performing the clinical assessments at TO and
T1 were unaware of which supplement the patients had taken, thus creating a double-
blind study design. A third investigator was therefore responsible for the distribution of
the supplements.

All patients took two softgels of the assigned dietary supplement per day, one capsule
with each main meal (usually during lunch and dinner).

Patients were allowed to take paracetamol (up to a maximum of 3000 mg/day) and
were asked to write down the dosage of the drug taken in a dedicated diary. The use of other
medications during the treatment period was recorded, as were the eventual side effects.

At the end of the treatment (T1), 45 days after TO0, all of the outcome measures were
collected from each patient in order to compare the clinical trend and the functional
implications between the groups. The diaries used to register any drugs taken in addition
to any side effects related to the proposed therapies were collected at the same time.

All patients received the necessary information during the first medical examination
and expressed their written informed consent. All of the performed procedures were carried
out in accordance with the Helsinki Declaration (2016) of the World Medical Association.
The study was approved by the Ethics Committee of Albania University, Tiran, Albania
(Nr. 587 Prot.—Date: 13 December 2021).
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Statistical Analysis

A data analysis was performed using STATA MP17 software. Continuous variables
were described as mean = standard deviation (SD) and range, and categorical variables as
proportions. A skewness and kurtosis test was used to evaluate the normality of continuous
variables and a normalization model was constructed using the logarithmic function for
those not normally distributed. The Student’s t-test for independent data was used to
compare continuous variables between groups, and the ANOVA for repeated measures test
was used to compare continuous variables between groups and detection time. Multivariate
linear regression was used to assess the relationship between the difference from T1 to TO of
each individual outcome and the group (treatment vs. control), sex (male vs. female), age
(years) and BMI; correlation coefficients were calculated, with a 95% confidence interval
(95%CI) indicated. A p-value < 0.05 was considered significant for all tests.

3. Results

The study sample was made up of 38 subjects, of which 19 (50.0%) belonged to the
control group and 19 (50.0%) belonged to the treatment group; the characteristics of the
sample, by group, are shown in Table 1.

Table 1. Characteristics of the sample, by group.

Variable Control (7 =19) Tt("elafn;;)n t Total (n = 38) p-Value
Females; 11 (%) 10 (52.6) 10 (52.6) 20 (52.6) 1.000
Age(years); mean + SD (range) 59.7 £ 6.6 (47-69) 54.5 + 4.6 (48-65) 57.1 £ 6.2 (47-69) 0.008
BMI; mean + SD (range) 27.9 + 3.8 (20.4-33.4) 29.6 £ 6.3 (20.0-49.3) 28.7 £ 5.2 (20.0-49.3) 0.376
Control = control group; treatment = treatment group; BMI = Body Mass Index; SD = Standard Deviation;
n = number.
The outcome variables, by group and detection time, are described in Table 2 and
Figures 1-6; the ANOVA test for repeated measures showed a statistically significant
difference for all the outcome measures in the comparison between T0 and T1 (p < 0.0001).
The same test showed a statistically significant difference for NRS, KOOS and OKS scores
in the interaction between T0O and T1 and between the two groups (p < 0.0001). All of these
findings are described in Table 2.
Table 2. Mean =+ SD and range of outcome variables, by group and detection time.

. Control Treatment Total . ) . Ti dG
Variable (n0: lrg) iza=n11;;1 - g ;8) Group Comparison Time Comparison 1T§t:?acti:§up
NRS T0 7.6 £ 1.4 (6-10) 83 £ 1.1 (7-10) 7.9 £ 13 (6-10)

NRS T1 5.7 +£12 (4-8) 35+ 2.1 (1-8) 46 +2.0 (1-8) 0.080 <0.0001 <0.0001
ODI T0 31.3+189(6-72) 298+ 128(10-64) 306 + 159 (6-72)
ODIT1 172 + 9.3 (6-44) 15.9 + 7.2 (6-34) 16.6 + 8.2 (6-44) 0.687 <0.0001 0.963
PCS12.TO 36.5 + 8.4 376 +77 37.1+80
(21.7-50.6) (22.8-51.8) (21.7-51.8) 0.045 <0.0001 0.066
426+ 69 50.2 + 10.0 464+93
PeS12TL (30.2-52.6) (26.7-64.6) (26.7-64.6)
4334101 465 +10.7 449 + 104
MCS12T0 (26.2-59.1) (19.4-64.6) (19.4-64.6) 0.138 <0.0001 0.190
479 £10.7 543+ 103 51.2+10.8
MCSI2T1 (27.0-63.5) (22.7-65.0) (22.7-65.0)
KOOS T0 62.9 + 9.2 (45-76) 59.8 + 7.1 (45-72) 61.4 + 8.2 (45-76)
KOOS T1 664+86(51-76)  740+11.0(48-89)  70.2 = 10.5 (58-89) 0.403 <0.0001 <0.001
OKS T0 29.4 + 4.8 (18-36) 27.4 + 63 (13-38) 28.4 + 5.6 (13-38)
OKS T1 30.6 + 3.1 (24-35) 36.6 + 8.2 (17-47) 33.6 + 6.8 (17-47) 0.278 <0.0001 <0.0001

Control = control group; treatment = treatment group; n = number; NRS = Numerical Rating Scale; ODI =
Oswestry Disability Index; PCS12 = SF12 Physical Component Dimension; MCS12 = SF12 Mental Component
Dimension); KOOS = Knee Injury and Osteoarthritis Outcome Score; OKS = Oxford Knee Score.
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Tables 3-8 describe the multivariate linear regression analyses by single outcome.
Specifically, in Table 3 a statistically significant improvement in the NRS scores emerged

between T0 and T1, attributable solely to the treatment (p < 0.0001).

Table 3. Analysis of the determinants of the difference between NRS T1 and NRS T0 in a multivariate

linear regression model.

Determinants Coef. 95%CI p-Value

Group (treatment vs. control) —2.8 —4.0-1.6 <0.0001
Sex (male vs. female) 0.04 —1.08-1.17 0.938
Age (years) 0.04 —0.06-0.14 0.404
BMI 0.04 —0.07-0.15 0.486

BMI = Body Mass Index; Coef = coefficient; CI = Confidence Interval.

Table 4. Analysis of the determinants of the difference between ODI T1 and ODI T0 in a multivariate

linear regression model.

Determinants Coef. 95%CI p-Value
Group (treatment vs. control) 0.89 —9.0-10.8 0.856
Sex (male vs. female) —4.70 —13.8-4.4 0.303
Age (years) —0.19 —0.98-0.61 0.640
BMI —0.97 —1.88-—0.07 0.036

BMI = Body Mass Index; Coef = coefficient; CI = Confidence Interval.

Table 5. Analysis of the determinants of the difference between PCS-12 T1 and PCS-12 T0 in a

multivariate linear regression model.

Determinants Coef. 95%CI p-Value
Group (treatment vs. control) 8.5 0.6-16.3 0.036
Sex (male vs. female) 0.6 —6.6-7.8 0.864
Age (years) 0.2 —0.4-0.9 0.409
BMI —0.4 -1.1-0.3 0.036

BMI = Body Mass Index; Coef = coefficient; CI = Confidence Interval.

Table 6. Analysis of the determinants of the difference between MCS-12 T1 and MCS-12 TO in a

multivariate linear regression model.

Determinants Coef. 95%CI p-Value
Group (treatment vs. control) 3.7 —2.3-9.6 0.218
Sex (male vs. female) —0.03 —5.50-5.44 0.992
Age (years) 0.10 —0.38-0.58 0.674
BMI 0.08 —0.46-0.62 0.769

BMI = Body Mass Index; Coef = coefficient; CI = Confidence Interval.

Table 7. Analysis of the determinants of the difference between KOOS T1 and KOOS TO0 in a

multivariate linear regression model.

Determinants Coef. 95%CI p-Value

Group (treatment vs. control) 11.9 5.8-18.0 <0.0001
Sex (male vs. female) 0.7 —4.9-6.3 0.792
Age (years) 0.2 —0.3-0.6 0.515
BMI —-0.2 —0.8-0.3 0.402

BMI = Body Mass Index; Coef = coefficient; CI = Confidence Interval.
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Table 8. Analysis of the determinants of the difference between OKS T1 and OKS T0 in a multivariate
linear regression model.

Determinants Coef. 95%CI p-Value

Group (treatment vs. control) 8.5 5.4-11.7 <0.0001
Sex (male vs. female) 0.4 —25-33 0.796
Age (years) 0.1 —-0.2-0.3 0.511
BMI -0.1 —0.4-0.2 0.537

BMI = Body Mass Index; Coef = coefficient; CI = Confidence Interval.

In Table 4, a statistically significant improvement in the ODI scores emerged between
T0 and T1, attributable exclusively to patients” BMI (p = 0.036).

In Table 5, a statistically significant improvement in the PCS-12 scores emerged be-
tween TO and T1, attributable to the treatment (p < 0.036) and to BMI (p < 0.036).

In Table 6, no statistically significant differences were found between T0O and T1 for
MCS-12 values. However, it should be noted that the starting values were already uneven
between the two groups, especially with regard to the MCS-12. This is attributable to the
fact that this rating scale, especially for the mental dimension, is easily influenced by factors
other than knee pain.

In Table 7, a statistically significant improvement in the KOOS scores emerged between
T0 and T1, attributable exclusively to the treatment (p < 0.0001).

In Table 8, a statistically significant improvement in the OKS scores emerged between
T0 and T1, attributable exclusively to the treatment (p < 0.0001).

From the analysis of analgesic intake diaries, only a random intake emerged, which set-
tled on an average of 1.0 g/week per group, with a sporadic and not significant distribution
among the participants. No side effects were referred.

4. Discussion

The aforementioned results showed that both dietary supplements produced beneficial
effects in patients. However, NRS, KOOS and OKS scores had a statistically significant
greater improvement in the treatment group, which is the one treated with the dietary
supplement containing both hemp seed oil and terpenes. Therefore, this latter seems more
effective in relieving KOA pain and improving specific knee function.

As was said previously, hemp seed oil accounts for the increasing scores in both
groups [15,16], but in assessing the composition of the two dietary supplements it is likely
that the better results of the treatment group, both in terms of pain relief and in terms of
joint function, derive from the presence in the one taken by this group of terpenes, more
specifically BCP and myrcene. In fact, in 2020, Rao Jiang-Yan et al. showed how, through
autophagic activation, BCP is able to alleviate cerebral ischemia/reperfusion injury in
mice, highlighting its protective role in animal cells and vessels [28]. Experimental studies
showed that BCP reduces pro-inflammatory mediators such as tumor necrosis factor-alfa
(TNF-o), interleukin-1 (IL-1f3), interleukin-6 (IL-6), and nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-«kB), thus ameliorating chronic pathologies characterized
by inflammation and oxidative stress [29-32]. In 2012, Ou Ming-Chiu et al. recruited
48 women with primary dysmenorrhea with an NRS > 5. On menstrual cycle days, twenty-
four patients massaged synthetic fragrances on the abdomen and the other twenty-four
patients did the same with BCP-based essential oils. Abdomen massages with BCP-based
essential oils provided relief to patients with primary dysmenorrhea, and the duration
of menstrual pain was also reduced [33]. Moreover, Shim Ik Hyun et al. showed the
effectiveness of BCP in reducing Helicobacter Pylori related gastritis, particularly nausea
and epigastric pain [34]. Due to its lipophilicity, BCP is highly lipophilic, so it possesses
a good oral bioavailability [35]. Ibrahim et al. demonstrated BCP’s ability to act as a
significant antinociceptive without any damage to gastric mucosa [36]. In addition, BCP
is able to reduce the expression of COX-2 and inducible Nitric Oxide Synthase (iNOS),
avoiding NF-kB activation, so analgesia is consequently achieved [37]. The reduction
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of acute and chronic pain is achieved by BCP because of its interaction with the opioid
system [38]. In fact, BCP promotes the release of 3-endorphin secondarily affecting the
opioid system [36]. Growing evidence highlighted the suitability of BCP for the treatment
of chronic inflammation [32], such as the one deriving from osteoarthritis.

Although less documented than BCP, myrcene has also demonstrated its anti-inflammatory
properties. In a study conducted by Shamsul et al., this molecule reduced pro-inflammatory
cytokines (IL-1p3, IL-6, and TNF-«), immunomodulatory factors (interferon gamma (IFNy),
NF-«B and anti-inflammatory markers [interleukin-4 (IL-4), and interleukin-10 (IL-10)] [39].
Interestingly, myrcene is able to act on Transient Receptor Potential Vanilloid 1 (TRPV1), suggest-
ing its potential analgesic action [40]. Similar studies regarding other dietary supplements used
to reduce OA pain achieved results in pain control at short follow-ups which were comparable
to ours. In particular, a trial that tested the effectiveness of a collagen peptide-based supplement
in reducing OA-related lower back pain recorded a 4.1-points reduction according to the Visual
Analogical Scale (VAS) in the treatment group after only 3 weeks of intake [16].

Similarly, a recent 8-week randomized double-blind placebo-controlled trial by Wang
et al. reached a 2.6-points pain relief according to the Western Ontario and McMaster
University (WOMAC) Osteoarthritis index using oral low molecular weight hyaluronic
acid in combination with glucosamine and chondroitin on KOA in patients with mild knee
pain [41]. Moreover, such evidence is increasingly present in the available literature for
supplements apparently less specific for cartilage, but equally valid for the well-known anti-
inflammatory power. A systematic review of the nutritional supplement Perna Canaliculus
(green-lipped mussel) in the treatment of OA revealed that this molecule could achieve
great pain relief at short follow-up according to its ability to counteract joint inflammatory
processes [42]. Likewise, cannabidiol demonstrated very encouraging results in counter-
acting OA-related pain and joint degeneration in both animal models [43] and human
studies [44]. Thus, the pain relief we obtained seems to be in line with these results, and
was justified by the progressive control of the underlying inflammation.

With regard to the functional outcomes, the ODI and SF-12 scales did not differ appre-
ciably between the two groups, while the KOOS and OKS scales improved significantly in
the treatment group. We consider this as the consequence of the fact that ODI and SF-12 are
nonspecific for knee evaluation, while KOOS and OKS, as the name suggests (Knee Injury
and Osteoarthritis Scale and Oxford Knee Scale), are extremely specific for the pathology
we analyzed, which is KOA. Indeed, as is well known, ODI proved to be more suitable
for the functional evaluation of spinal disorders [45], while SF-12, which investigates the
quality of life, remained less specific and more easily influenced by other factors, especially
psychological ones [46]. Furthermore, Tables 4 and 5 suggest that BMI has a relevant impact
on these scales, confirming their nonspecific nature.

We assume that the obtained knee functional improvement is due to the fact that
a pain-free joint works better. In fact, one of the first goals in the rehabilitation of knee
diseases is precisely to intervene on pain in order to improve joint function and range of
motion (ROM) as early as possible [47]. Bahr Taylor et al. showed that massages with
essential oils (composed of 55 percent of BCP) on the hands of rheumatoid arthritis patients
relieved pain, improved finger strength and significantly increased the angle of maximum
flexion compared to subjects treated with coconut oil [48]. Moreover, a study conducted by
Topp Robert et al. demonstrated how topical treatment with menthol, which is a terpene as
well, improved pain and also knee function in patients with KOA compared to the placebo-
treated group [49]. In line with our results, a 2020 in vitro and in vivo study demonstrated
the anti-inflammatory action of geranol, an acyclic monoterpene which, when taken per os,
protects cartilage and improves joint function [50]. Similarly, as early as 2005, the role of
ginger extract in suppressing chemokine induction in human synoviocytes was clear [27],
and it was then shown to counteract disability and improve functional capacity in adults
with OA [51].

Finally, the dietary supplement containing terpenes appears to have useful properties
to improve KOA symptoms. It is likely that the beneficial effects of each nutraceutical
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component are synergistically amplified by combining them. It is important to further
investigate the usefulness of nutraceutical supplements as a complementary treatment for
OA because they represent a natural alternative to anti-inflammatory drugs with essentially
no side effects that can be self-administered by patients [52,53].

The main limitation of this study is the short duration of follow-up. For this reason,
further studies are needed to monitor the durability of the benefits noted in the short
term over time. Moreover, the outcome measures are self-reported by patients, but it is a
mandatory condition when it is necessary to investigate joint function in the activities of
daily living. Finally, there was not a placebo group, but this choice was due to the necessity
of guaranteeing a treatment for all patients, since all of them suffered from significant knee
pain. Nevertheless, future studies will overcome this limitation, in compliance with the
necessary ethical rules.

5. Conclusions

In conclusion, the dietary supplement containing terpenes in addition to hemp seed
oil is an effective complementary treatment option in patients with KOA for relieving
pain and improving joint function. Further studies are needed to prove its efficacy inside
multimodal therapies and with longer follow-up periods.

Author Contributions: Conceptualization, G.F. and M.V.R.; methodology, M.M. and M.R; software,
E.CN., ADI, AS,EPB,D.C,SP.and E.D.C; validation, S.S. and B.R.; formal analysis, D.M., E.Q.,
A.G. and V.S;; resources, S.S.; data curation, M.V.R. and E.C.N.; writing—original draft preparation,
G.F. and M.V.R,; writing—review and editing, M.R.; supervision, M.M.; project administration, S.S.,
G.F. and B.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Albania University, Tiran, Albania (Nr. 587
Prot.—Date: 13 December 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets used and analyzed during the current study will be made
available upon reasonable request to the corresponding author, G.F.

Conflicts of Interest: The authors declare that they have no conflicts of interest.

References

1.  Argenson, J.N,; Parratte, S.; Ollivier, M. Approches thérapeutiques de la gonarthrose [Therapeutic approaches to gonarthrosis].
Rev. Infirm. 2016, 223, 25-27. [CrossRef] [PubMed]

2. Fari, G, Pignatelli, G.; Macchiarola, D.; Bernetti, A.; Agostini, F.; Fornaro, M.; Mariconda, C.; Megna, M.; Ranieri, M. Cartilage
damage: Clinical approach. Minerva Orthop. 2022, 73, 20-27. [CrossRef]

3. Della Tommasa, S.; Winter, K.; Seeger, J.; Spitzbarth, I.; Brehm, W.; Troillet, A. Evaluation of Villus Synovium From Unaffected
Metacarpophalangeal Joints of Adult and Juvenile Horses. J. Equine Vet. Sci. 2021, 102, 103637. [CrossRef]

4. Kwiatkowski, K. Choroba zwyrodnieniowa stawu kolanowego—epidemiologia i czynniki ryzyka [Gonarthrosis—epidemiology
and risk factors]. Pol. Merkur. Lekarski. 2004, 17, 410-414. [PubMed]

5. Pape, D,; Tischer, T. Kniearthrose des jungen Patienten [Osteoarthritis of the knee in young patients]. Orthopade 2021, 50, 345.
[CrossRef] [PubMed]

6. Jang,S.; Lee, K;; Ju, J.H. Recent Updates of Diagnosis, Pathophysiology, and Treatment on Osteoarthritis of the Knee. Int. J. Mol.
Sci. 2021, 22, 2619. [CrossRef]

7. Michael, ].W,; Schliiter-Brust, K.U.; Eysel, P. The epidemiology, etiology, diagnosis, and treatment of osteoarthritis of the knee.
Dtsch. Arztebl. Int. 2010, 107, 152-162. [CrossRef]

8.  Hussain, S.M.; Neilly, D.W.; Baliga, S.; Patil, S.; Meek, R. Knee osteoarthritis: A review of management options. Scott. Med. ]. 2016,
61, 7-16. [CrossRef]

9.  Mariconda, C.; Megna, M.; Fari, G.; Bianchi, F.P.,; Puntillo, F.; Correggia, C.; Fiore, P. Therapeutic exercise and radiofrequency in
the rehabilitation project for hip osteoarthritis pain. Eur. |. Phys. Rehabil. Med. 2020, 56, 451-458. [CrossRef]

10. Fari, G.; de Sire, A.; Fallea, C.; Albano, M.; Grossi, G.; Bettoni, E.; Di Paolo, S.; Agostini, F.; Bernetti, A.; Puntillo, F.; et al. Efficacy

of Radiofrequency as Therapy and Diagnostic Support in the Management of Musculoskeletal Pain: A Systematic Review and
Meta-Analysis. Diagnostics 2022, 12, 600. [CrossRef]


http://doi.org/10.1016/j.revinf.2016.06.005
http://www.ncbi.nlm.nih.gov/pubmed/27633693
http://doi.org/10.23736/S2784-8469.21.04174-2
http://doi.org/10.1016/j.jevs.2021.103637
http://www.ncbi.nlm.nih.gov/pubmed/15690717
http://doi.org/10.1007/s00132-021-04095-8
http://www.ncbi.nlm.nih.gov/pubmed/33909120
http://doi.org/10.3390/ijms22052619
http://doi.org/10.3238/arztebl.2010.0152
http://doi.org/10.1177/0036933015619588
http://doi.org/10.23736/S1973-9087.20.06152-3
http://doi.org/10.3390/diagnostics12030600

Medicina 2023, 59, 191 12 0f13

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Notarnicola, A.; Maccagnano, G.; Fari, G.; Bianchi, EP,; Moretti, L.; Covelli, I.; Ribatti, P.;, Mennuni, C.; Tafuri, S.; Pesce, V.; et al.
Extracorporeal shockwave therapy for plantar fasciitis and gastrocnemius muscle: Effectiveness of a combined treatment. J. Biol.
Regqul. Homeost. Agents 2020, 34, 285-290. [PubMed]

Vicenti, G.; Solarino, G.; Carrozzo, M.; De Giorgi, S.; Moretti, L.; De Crescenzo, A.; Moretti, B. Major concern in the multiligament
injuried knee treatment: A systematic review. Injury 2019, 50 (Suppl. 2), S89-S94. [CrossRef] [PubMed]

Sachdeva, V.; Roy, A.; Bharadvaja, N. Current Prospects of Nutraceuticals: A Review. Curr. Pharm. Biotechnol. 2020, 21, 884-896.
[CrossRef] [PubMed]

Thomas, S.; Browne, H.; Mobasheri, A.; Rayman, M.P. What is the evidence for a role for diet and nutrition in osteoarthritis?
Rheumatology 2018, 57 (suppl. 4), iv61-iv74. [CrossRef]

Iftikhar, A.; Zafar, U.; Ahmed, W.; Shabbir, M.A.; Sameen, A.; Sahar, A.; Bhat, Z.F.; Kowalczewski, PL..; Jarzebski, M.; Aadil, R M.
Applications of Cannabis Sativa L. in Food and Its Therapeutic Potential: From a Prohibited Drug to a Nutritional Supplement.
Molecules 2021, 26, 7699. [CrossRef]

Fari, G.; Santagati, D.; Pignatelli, G.; Scacco, V.; Renna, D.; Cascarano, G.; Vendola, F,; Bianchi, EP.; Fiore, P.; Ranieri, M.; et al.
Collagen Peptides, in Association with Vitamin C, Sodium Hyaluronate, Manganese and Copper, as Part of the Rehabilitation
Project in the Treatment of Chronic Low Back Pain. Endocr. Metab. Immune Disord. Drug Targets 2022, 22, 108-115. [CrossRef]
Koppel, B.S.; Brust, ].C.; Fife, T.; Bronstein, J.; Youssof, S.; Gronseth, G.; Gloss, D. 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, 1556-1563. [CrossRef]

Russo, E.B.; Marcu, J. Cannabis pharmacology: The usual suspects and a few promising leads. Adv Pharmacol. 2017, 80, 67-134.
Hill, K.P. Medical marijuana for treatment of chronic pain and other medical and psychiatric problems: A clinical review. JAMA
2015, 313, 2474-2483. [CrossRef]

Romero-Sandoval, E.A.; Fincham, J.E.; Kolano, A.L.; Sharpe, B.N.; Alvarado-Vazquez, P.A. Cannabis for chronic pain: Challenges
and considerations. Pharmacotherapy 2018, 38, 651-662. [CrossRef]

Weston-Green, K. The United Chemicals of Cannabis: Beneficial effects of Cannabis phytochemicals on the brain and cognition.
In Recent Advances in Cannabinoid Research; Costain, W., Laprairie, R.B., Eds.; IntechOpen: London, UK, 2018; pp. 83-100.
Liktor-Busa, E.; Keresztes, A.; LaVigne, ].; Streicher, ].M.; Largent-Milnes, T.M. Analgesic Potential of Terpenes Derived from
Cannabis sativa. Pharmacol. Rev. 2021, 73, 98-126. [CrossRef] [PubMed]

Sharma, C.; Al Kaabi, ].M.; Nurulain, S.M.; Goyal, S.N.; Kamal, M.A.; Ojha, S. Polypharmacological properties and therapeutic
potential of b-caryophyllene: A dietary phytocannabinoid of pharmaceutical promise. Curr. Pharm. Des. 2016, 22, 3237-3264.
[CrossRef] [PubMed]

Gertsch, J.; Leonti, M.; Raduner, S.; Racz, I.; Chen, ].Z.; Xie, X.Q.; Altmann, K.H.; Karsak, M.; Zimmer, A. Beta-caryophyllene is a
dietary cannabinoid. Proc. Natl. Acad. Sci. USA 2008, 105, 9099-9104. [CrossRef]

Whiteside, G.; Lee, G.; Valenzano, K. The Role of the Cannabinoid CB2 Receptor in Pain Transmission and Therapeutic Potential
of Small Molecule CB2 Receptor Agonists. Curr. Med. Chem. 2007, 14, 917-936. [CrossRef] [PubMed]

Rufino, A.T.; Ribeiro, M.; Sousa, C.; Judas, E; Salgueiro, L.; Cavaleiro, C.; Mendes, A.F. Evaluation of the anti-inflammatory,
anti-catabolic and pro-anabolic effects of E-caryophyllene, myrcene and limonene in a cell model of osteoarthritis. Eur. |.
Pharmacol. 2015, 750, 141-150. [CrossRef] [PubMed]

Phan, P.V.; Sohrabi, A.; Polotsky, A.; Hungerford, D.S.; Lindmark, L.; Frondoza, C.G. Ginger extract components suppress
induction of chemokine expression in human synoviocytes. J. Altern. Complement. Med. 2005, 11, 149-154. [CrossRef] [PubMed]
Rao, ].Y.; Wang, Q.; Wang, Y.C.; Xiang, F.; Tian, X.C.; Liu, D.H.; Dong, Z. [ 3-caryophyllene alleviates cerebral ischemia/ reperfusion
injury in mice by activating autophagy]. Zhongguo Zhong Yao Za Zhi 2020, 45, 932-936.

Mattiuzzo, E.; Faggian, A.; Venerando, R.; Benetti, A.; Belluzzi, E.; Abatangelo, G.; Ruggieri, P.; Brun, P. In Vitro Effects
of Low Doses of -Caryophyllene, Ascorbic Acid and d-Glucosamine on Human Chondrocyte Viability and Inflammation.
Pharmaceuticals 2021, 14, 286. [CrossRef]

Irrera, N.; D"Ascola, A.; Pallio, G.; Bitto, A.; Mazzon, E.; Mannino, F.; Squadrito, V.; Arcoraci, V.; Minutoli, L.; Campo, G.M.; et al.
-Caryophyllene Mitigates Collagen Antibody Induced Arthritis (CAIA) in Mice Through a Cross-Talk between CB2 and PPAR-y
Receptors. Biomolecules 2019, 9, 326. [CrossRef]

Bernetti, A.; Agostini, F.; Alviti, F.; Giordan, N.; Martella, E.; Santilli, V.; Paoloni, M.; Mangone, M. New Viscoelastic Hydrogel
Hymovis MO.RE. Single Intra-articular Injection for the Treatment of Knee Osteoarthritis in Sportsmen: Safety and Efficacy Study
Results. Front. Pharmacol. 2021, 12, 673988. [CrossRef]

Scandiffio, R.; Geddo, E; Cottone, E.; Querio, G.; Antoniotti, S.; Gallo, M.P.; Maffei, M.E.; Bovolin, P. Protective Effects of
(E)-B-Caryophyllene (BCP) in Chronic Inflammation. Nutrients 2020, 12, 3273. [CrossRef] [PubMed]

Ou, M.C,; Hsu, T.F; Lai, A.C; Lin, Y.T,; Lin, C.C. Pain relief assessment by aromatic essential oil massage on outpatients with
primary dysmenorrhea: A randomized, double-blind clinical trial. J. Obstet. Gynaecol. Res. 2012, 38, 817-822. [CrossRef] [PubMed]
Shim, H.I; Song, D.J.; Shin, C.M.; Yoon, H.; Park, Y.S.; Kim, N.; Lee, D.H. [Inhibitory Effects of 3-caryophyllene on Helicobacter
pylori Infection: A Randomized Double-blind, Placebo-controlled Study]. Korean J. Gastroenterol. 2019, 74, 199-204. [CrossRef]
Fidyt, K.; Fiedorowicz, A.; Strzadata, L.; Szumny, A. B-Caryophyllene and B-Caryophyllene Oxide—Natural compounds of
anticancer and analgesic properties. Cancer Med. 2016, 5, 3007-3017. [CrossRef] [PubMed]


http://www.ncbi.nlm.nih.gov/pubmed/32191019
http://doi.org/10.1016/j.injury.2019.01.052
http://www.ncbi.nlm.nih.gov/pubmed/30797544
http://doi.org/10.2174/1389201021666200130113441
http://www.ncbi.nlm.nih.gov/pubmed/32000642
http://doi.org/10.1093/rheumatology/key011
http://doi.org/10.3390/molecules26247699
http://doi.org/10.2174/1871530321666210210153619
http://doi.org/10.1212/WNL.0000000000000363
http://doi.org/10.1001/jama.2015.6199
http://doi.org/10.1002/phar.2115
http://doi.org/10.1124/pharmrev.120.000046
http://www.ncbi.nlm.nih.gov/pubmed/34663685
http://doi.org/10.2174/1381612822666160311115226
http://www.ncbi.nlm.nih.gov/pubmed/26965491
http://doi.org/10.1073/pnas.0803601105
http://doi.org/10.2174/092986707780363023
http://www.ncbi.nlm.nih.gov/pubmed/17430144
http://doi.org/10.1016/j.ejphar.2015.01.018
http://www.ncbi.nlm.nih.gov/pubmed/25622554
http://doi.org/10.1089/acm.2005.11.149
http://www.ncbi.nlm.nih.gov/pubmed/15750374
http://doi.org/10.3390/ph14030286
http://doi.org/10.3390/biom9080326
http://doi.org/10.3389/fphar.2021.673988
http://doi.org/10.3390/nu12113273
http://www.ncbi.nlm.nih.gov/pubmed/33114564
http://doi.org/10.1111/j.1447-0756.2011.01802.x
http://www.ncbi.nlm.nih.gov/pubmed/22435409
http://doi.org/10.4166/kjg.2019.74.4.199
http://doi.org/10.1002/cam4.816
http://www.ncbi.nlm.nih.gov/pubmed/27696789

Medicina 2023, 59, 191 13 0f 13

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Ibrahim, M.M.; Porreca, E; Lai, J.; Albrecht, PJ.; Rice, EL.; Khodorova, A.; Davar, G.; Makriyannis, A.; Vanderah, TW.; Mata, H.P;
et al. CB2 cannabinoid receptor activation produces antinociception by stimulating peripheral release of endogenous opioids.
Proc. Natl. Acad. Sci. USA 2005, 102, 3093-3098. [CrossRef] [PubMed]

Fernandes, E.S.; Passos, G.F.; Medeiros, R.; da Cunha, EM.; Ferreira, J.; Campos, M.M.; Pianowski, L.F,; Calixto, ]J.B. Anti-
inflammatory effects of compounds alpha-humulene and (-)-trans-caryophyllene isolated from the essential oil of Cordia
verbenacea. Eur. J. Pharmacol. 2007, 569, 228-236. [CrossRef] [PubMed]

Paula-Freire, L.I.G.; Andersen, M.L.; Gama, V.S.; Molska, G.R.; Carlini, E.L.A. The oral administration of trans-caryophyllene
attenuates acute and chronic pain in mice. Phytomedicine 2014, 21, 356-362. [CrossRef] [PubMed]

Islam, A.U.S.; Hellman, B.; Nyberg, F.; Amir, N.; Jayaraj, R.L.; Petroianu, G.; Adem, A. Myrcene Attenuates Renal Inflammation
and Oxidative Stress in the Adrenalectomized Rat Model. Molecules 2020, 25, 4492. [CrossRef]

Jansen, C.; Shimoda, L.M.N.; Kawakami, ].K.; Ang, L.; Bacani, A.].; Baker, ].D.; Badowski, C.; Speck, M.; Stokes, A.J.; Small-
Howard, A.L.; et al. Myrcene and terpene regulation of TRPV1. Channels 2019, 13, 344-366. [CrossRef] [PubMed]

Wang, S.J.; Wang, Y.H.; Huang, L.C. The effect of oral low molecular weight liquid hyaluronic acid combination with glucosamine
and chondroitin on knee osteoarthritis patients with mild knee pain: An 8-week randomized double-blind placebo-controlled
trial. Medicine 2021, 100, €24252. [CrossRef]

Brien, S.; Prescott, P.; Coghlan, B.; Bashir, N.; Lewith, G. Systematic review of the nutritional supplement Perna Canaliculus
(green-lipped mussel) in the treatment of osteoarthritis. QJM 2008, 101, 167-179. [CrossRef] [PubMed]

Verrico, C.D.; Wesson, S.; Konduri, V.; Hofferek, C.J.; Vazquez-Perez, J.; Blair, E.; Dunner, K., Jr.; Salimpour, P.; Decker, WK_;
Halpert, M.M. A randomized, double-blind, placebo-controlled study of daily cannabidiol for the treatment of canine osteoarthritis
pain. Pain 2020, 161, 2191-2202. [CrossRef] [PubMed]

Vela, ].; Dreyer, L.; Petersen, K.K.; Arendt-Nielsen, L.; Duch, K.S.; Kristensen, S. Cannabidiol treatment in hand osteoarthritis and
psoriatic arthritis: A randomized, double-blind, placebo-controlled trial. Pain 2022, 163, 1206-1214. [CrossRef] [PubMed]
Fairbank, J.C.; Pynsent, P.B. The Oswestry Disability Index. Spine 2000, 25, 2940-2952. [CrossRef]

Lera, L.; Mérquez, C.; Saguez, R.; Moya, M.O.; Angel, B.; Albala, C. Calidad de vida en personas mayores con depresion y
dependencia funcional: Validez del cuestionario SF-12 [Quality of life of older people with depression and dependence: Validity
of the SF-12 (short form health survey) questionnaire]. Rev. Med. Chil. 2021, 149, 1292-1301. [CrossRef]

Werner, S. Anterior knee pain: An update of physical therapy. Knee Surg. Sports Traumatol. Arthrosc. 2014, 22, 2286-2294. [CrossRef]
Bahr, T.; Allred, K.; Martinez, D.; Rodriguez, D.; Winterton, P. Effects of a massage-like essential oil application procedure using
Copaiba and Deep Blue oils in individuals with hand arthritis. Complement. Ther. Clin. Pract. 2018, 33, 170-176. [CrossRef]
Topp, R.; Brosky, J.A., Jr.; Pieschel, D. The effect of either topical menthol or a placebo on functioning and knee pain among
patients with knee OA. . Geriatr. Phys. Ther. 2013, 36, 92-99. [CrossRef]

Wu, Y,; Wang, Z.; Fu, X,; Lin, Z.; Yu, K. Geraniol-mediated osteoarthritis improvement by down-regulating PI3K/Akt/NF-«B and
MAPK signals: In vivo and in vitro studies. Int. Immunopharmacol. 2020, 86, 106713. [CrossRef] [PubMed]

Leach, M.].; Kumar, S. The clinical effectiveness of Ginger (Zingiber Officinale) in adults with osteoarthritis. JBI Libr. Syst. Rev.
2008, 6, 310-323. [CrossRef]

Tenti, S.; Mondanelli, N.; Bernetti, A.; Mangone, M.; Agostini, F.; Capassoni, M.; Cheleschi, S.; De Chiara, R.; Fari, G.; Frizziero, A,;
et al. Impact of Covid-19 pandemic on injection-based practice: Report from an Italian multicenter and multidisciplinary survey.
Ann. Ig. 2022, 34, 501-514. [PubMed]

Bernetti, A.; Fari, G.; Mangone, M.; Fiore, P,; Santilli, V.; Paoloni, M.; Agostini, F. Medical management of osteoarthritis during the
COVID-19 pandemic: A challenge for the present and the future. Ann. Di Ig. Med. Prev. E Di Comunita 2022, 34, 184-189.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1073/pnas.0409888102
http://www.ncbi.nlm.nih.gov/pubmed/15705714
http://doi.org/10.1016/j.ejphar.2007.04.059
http://www.ncbi.nlm.nih.gov/pubmed/17559833
http://doi.org/10.1016/j.phymed.2013.08.006
http://www.ncbi.nlm.nih.gov/pubmed/24055516
http://doi.org/10.3390/molecules25194492
http://doi.org/10.1080/19336950.2019.1654347
http://www.ncbi.nlm.nih.gov/pubmed/31446830
http://doi.org/10.1097/MD.0000000000024252
http://doi.org/10.1093/qjmed/hcm108
http://www.ncbi.nlm.nih.gov/pubmed/18222988
http://doi.org/10.1097/j.pain.0000000000001896
http://www.ncbi.nlm.nih.gov/pubmed/32345916
http://doi.org/10.1097/j.pain.0000000000002466
http://www.ncbi.nlm.nih.gov/pubmed/34510141
http://doi.org/10.1097/00007632-200011150-00017
http://doi.org/10.4067/S0034-98872021000901292
http://doi.org/10.1007/s00167-014-3150-y
http://doi.org/10.1016/j.ctcp.2018.10.004
http://doi.org/10.1519/JPT.0b013e318268dde1
http://doi.org/10.1016/j.intimp.2020.106713
http://www.ncbi.nlm.nih.gov/pubmed/32590318
http://doi.org/10.11124/jbisrir-2008-222
http://www.ncbi.nlm.nih.gov/pubmed/35861721

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

