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Abstract
Chronic musculoskeletal (MSK) pain is one of the most prevalent causes, which 
lead patients to a physician’s office. The most common disorders affecting MSK 
structures are osteoarthritis, rheumatoid arthritis, back pain, and myofascial 
pain syndrome, which are all responsible for major pain and physical disability. 
Although there are many known management strategies currently in practice, 
phytotherapeutic compounds have recently begun to rise in the medical 
community, especially cannabidiol (CBD). This natural, non-intoxicating molecule 
derived from the cannabis plant has shown interesting results in many preclinical 
studies and some clinical settings. CBD plays vital roles in human health that go 
well beyond the classic immunomodulatory, anti-inflammatory, and antinociceptive 
properties. Recent studies demonstrated that CBD also improves cell proliferation 
and migration, especially in mesenchymal stem cells (MSCs). The foremost 
objective of this review article is to discuss the therapeutic potential of CBD in the 
context of MSK regenerative medicine. Numerous studies listed in the literature 
indicate that CBD possesses a significant capacity to modulate mammalian tissue 
to attenuate and reverse the notorious hallmarks of chronic musculoskeletal 
disorders (MSDs). The most of the research included in this review report common 

findings like immunomodulation and stimulation of cell activity associated with tissue regeneration, especially in human MSCs. 
CBD is considered safe and well tolerated as no serious adverse effects were reported. CBD promotes many positive effects 
which can manage detrimental alterations brought on by chronic MSDs. Since the application of CBD for MSK health is still 
undergoing expansion, additional randomized clinical trials are warranted to further clarify its efficacy and to understand its 
cellular mechanisms.
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Minireview

Impact Statement

Cannabidiol (CBD) has gained a lot of significance 
from orthopedists and sports medicine physicians 
due to its potential part in the treatment of chronic 
pain in musculoskeletal (MSK) conditions. CBD 
plays vital physiological roles in human health 
that go well beyond immunomodulation, anti-
inflammation, and antinociception. Recent 
investigations show that CBD also enhances 
cell proliferation and migration, especially in 
human MSCs. CBD is still relatively new in MSK 
medicine, and even though new studies are 
emerging, the clinical application of CBD requires 
more robust data from clinical trials to further 
elucidate the mechanisms that contribute to the 
improvement of MSK structures.
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Introduction

Cannabidiol (CBD) is considered as a non-intoxicating  
product of Cannabis sativa, a plant that contains several 
organic compounds with various physiological effects.1 
Although this plant contains at least 144 cannabinoids (CBs), 
the well-studied compounds are Δ9-tetrahydrocannabinol 
(Δ9-THC), which is notorious for its intoxicating and psycho-
active effects, and CBD, for its beneficial effects in biological 
systems.2,3

CBD was first isolated many decades ago and was ini-
tially considered to be biologically inactive since it seemed 
to impart no considerable effects.1 It was not until the early 
1970s that researchers documented one of the first significant 
effects of this CB in convulsive crises in mice.4 With consid-
erable optimism, this was later replicated in a preclinical 
trial involving epileptic patients in 1980,5 and since then, 
continuous research expanding into other fields of medicine 
has been on the rise.

Cannabis sativa L., in particular, has gained a lot of appre-
ciation from orthopedists and sports medicine physicians 
due to its potential role in the treatment management 
of chronic pain in numerous conditions.6 Parenthetically, 
osteoarthritis (OA) and tendinopathies are major orthope-
dic disorders responsible for pain and disability in adult 
populations. OA, for instance, remains the utmost typical 
degenerative and progressive joint disease affecting vital 
musculoskeletal (MSK) structures like cartilage, ligaments, 
and bone.7,8 Furthermore, the Global Burden of Disease 
Study 2019 revealed that the number of patients suffering 
from OA increased globally around 48% from 1990 to 2019, 
which represents OA as 15th most common cause of number 
of years lived with disability.9 This fact is associated with risk 
factors like the aging and the prevalence of poor metabolic 
health, especially the obesity.10–12

Previous data have revealed positive insights regarding 
the application of CBD toward the improvement of pain and 
functional outcomes in various MSK conditions.13–18 These 
provide valuable insight considering the heavy socioeco-
nomic burden associated with the chronic MSK pain. The 
objective of this article is to review and discuss the thera-
peutic potential of CBD in the context of MSK regenerative 
medicine.

Pathophysiology of common MSK 
diseases

It is well-established that chronic MSK pain is the key factor 
for physical disability in the adult population.19 The World 
Health Organization (WHO) estimates that 20–33% (over 
1.71 billion individuals) of the global population suffers from 
chronic MSK pain.20 This type of disorder is characterized 
by acute or chronic pain in MSK structures, which involve 
muscles, tendons, ligaments, bones, and nerves.21 The most 
common conditions responsible for visits to a physician’s 
office are OA, rheumatoid arthritis, myofascial pain syn-
drome (MPS), and low back and neck pain.22 Less common 
incidents are generally accompanying with injuries like of 
tendon sprains, ligament tears, muscle tears, fractures, and 
similar damage during sports.20

If left untreated, these conditions progressively increase 
suffering, disability, and drug consumption, which sub-
sequently diminish an individual’s quality of life.23 This 
also translates to a main community health problem due 
to significant high expenses for health-care systems and 
insurance for disability. Advanced age may remain the top 
variable associated with the increased risk of musculoskel-
etal disorders (MSDs) and MSK pain; however, these condi-
tions may still unfold at any given age for various reasons. 
Therefore, every individual is at risk of experiencing MSK 
pain throughout an entire lifetime.24 Acute pain can become 
chronic due to numerous factors. The level of intensity, site, 
and time of noxious stimuli are dictated by the interplay 
between mechanical, chemical, and thermal receptors and 
immune cells.25 Under standard conditions, noxious stimuli 
and painful sensations gradually decrease with the pro-
gression of healing. However, when intense pain persists, 
secondary mechanisms are activated in both the periph-
eral nervous systems (PNSs) and central nervous systems 
(CNSs). Upregulation of inflammatory mediators sensitizes 
neurons, diminishing normal functioning and exacerbating 
pain perception.25

Although MSK pathologies vary from patient to patient 
for several different reasons, these conditions often share 
considerable similarities, especially pain. The pain related 
with MSDs is often severe; about 25% of adults report pain 
ranging from 7 to 10 of the visual analog scale (VAS).19 The 
pain is typically intense and localized, which may be aggra-
vated depending on certain postures and movements exe-
cuted by the patient. Body aches, stiffness, and malaise are 
the most common features of all MSDs. Certain exercises can 
temporarily improve range of motion, mobility, and pain, 
depending on the individual’s condition. However, there is 
a risk of overuse and further injuries to MSK structures if the 
movements are incorrectly executed.26

Another major problem in individuals with chronic MSD 
and pain is fatigue and sleep disorders. MSK pain can dis-
rupt normal sleep cycles as patients can have trouble falling 
or remaining asleep due to intense pain.27 Some patients 
may have difficulty finding an appropriate or comfortable 
position which may force them to remain in ergonomically 
poor positions. Sleep deprivation further aggravates their 
condition and impairs MSK tissue regeneration and main-
tenance, delaying the healing process.28–30 Another study 
found that duration is also a significant factor, as both long 
and short sleep durations have been associated with MSK 
pain.31 Adequate sleep is important for the body. The cir-
cadian rhythm has been shown to impact stem cell regen-
erative capacity32 by improving the stem cell proliferation 
microenvironment, resulting in stem cell maintenance and 
controlled division.33 This is directly tied to melatonin, the 
“sleep hormone.” In addition to displaying roles of anti-
inflammatory, antioxidant, and neuroprotective, it also 
assists in the regeneration of several tissues beyond the 
MSK system.34

The principal hallmarks of the most common MSDs 
include the overly pro-inflammatory and catabolic micro-
environments.35 More specifically, chronic degenerative 
MSDs such as OA are outlined by a combination of cellular 
changes and stresses from biochemical and biomechanical, 
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which cause several secondary problems. These then lead 
to pathological changes including remodeling of the sub-
chondral bone, bone marrow lesions, development of osteo-
phytes along with changes in the joint capsule, synovium, 
periarticular muscles, ligaments, meniscal tears, and extru-
sion.35 Moreover, the improved turnover of subchondral 
bone in both clinical and preclinical studies have showed the 
cytokines with other growth factors secreted during patho-
logical progression may involve with and harm the articu-
lar cartilage. This can leads to trigger a positive feedback 
loop due to several failed efforts to repair cartilage and bone 
tissue, finally leading to OA.35 To elaborate, synoviocytes 
and osteoarthritic chondrocytes produce high quantities of 
matrix metalloproteinases (MMPs), including MMPs (1, 3, 9, 
and 13).36 Synoviocytes release pro-inflammatory cytokines 
(tumor necrosis factor-alpha [TNF-α], interleukin [IL]1β and 
IL-6) and proteolytic enzymes, major mediators of inflam-
mation and pain.37 Once the chondrocytes fail to uphold the 
equilibrium between synthesis and degradation of the extra-
cellular matrix (ECM) components, OA arises.38 It has been 
hypothesized that trauma, microfractures, and inflammation 
can slightly increase proteolytic enzyme activity, generat-
ing “wear” particles causes the “wear-and-tear” process.39 
Although macrophages eventually remove microparticles 
and cellular debris. The absent of these particles devastates 
the system. This phenomenon leads to much burden to elimi-
nate them. This turn out to be mediators of inflammation and 
signaling chondrocytes to release catabolic enzymes.39

Similar processes take place in chronic back pain. 
Alterations involving the spinal structures, especially the 
intervertebral disks (IVD), may be linked to variables such 
as age, trauma, metabolic status, toxic substances, vascu-
lar pathology, infections, and genetics.40,41 A healthy IVD is 
similar to articular cartilage at the cellular and molecular 
levels. Chondrocyte-like cells synthesize collagen, proteo-
glycans, and other proteins to form the nucleus-pulposus 
matrix and then the cartilaginous in vertebral endplate. 
Fibroblast-like cells produce both collagens (type I and II), 
which serves to maintain the annulus fibrosus. This is impor-
tant as type II collagen holds proteoglycan aggregates and 
forms a matrix with hygroscopic properties.42 In turn, this 
imparts the nucleus-pulposus hydrostatic properties, allow-
ing it to house compressive forces and brace the annulus.41 
Nevertheless, the matrix components undergo constant 
degradation by chondrocyte-secreted enzymes, especially 
MMPs. This process becomes pathological when the rate of 
degradation surpasses that of synthesis, disrupting homeo-
stasis and impeding matrix renewal.43 In response to injury, 
type 1 macrophages (Mφ1) invade the vertebral landmarks 
and release pro-inflammatory mediators, promoting the syn-
thesis of MMPs and inhibition of new matrix formation.44–46 
Mφ1 are more associated with antimicrobial and pro-inflam-
matory roles,47 which explains why they also often secrete 
superoxide (O2−). This free radical plays a crucial role in 
signaling;48 however, it can also degrade hyaluronic acid 
and proteoglycans, inhibiting the proliferation of chondro-
cytes.49 IL-1 and TNF-α are also secreted and contribute to 
the production of nitric oxide (NO); another free radical that 
elicits significant physiological functions but is also often 
associated with degradative effects.50

MPS is a pain condition, which is originating from sen-
sory, motor, and autonomic symptoms produced by direct 
or indirect traumatic events, and ergonomic, structural, or 
systemic factors.51,52 The most distinct feature of MPS is 
the having a trigger points (TrPs), which are called hyper-
irritable points present in skeletal muscle/fascia, causing 
referred local tenderness, pain, and autonomic alterations 
upon compression.51–53 TrPs can be categorized into active/
latent – active TrPs are usually responsible for impulsive 
pain and tenderness, whereas latent “trigger points” are foci 
of hyperirritability in skeletal muscles, and are clinically 
linked with tenderness, local spasms, or stated pain upon 
palpation.51–53 In addition, they may also be present in many 
no pain skeletal muscles and undergo activation and conver-
sion into their active form by repeated noxious stimuli.53 Due 
to limited or erroneous diagnosis, TrPs can sometimes be 
interpreted as other similar chronic pain conditions includ-
ing radiculopathies, fibromyalgia, or tendon and joint dis-
eases.52 Therefore, medical experts emphasize that a proper 
MPS diagnosis must confirm the presence of TrPs.54 Research 
suggests that they arise from dysfunctions in neuromuscu-
lar junctions and the surrounding connective tissue, or as a 
result of electrical perturbations and excess release of acetyl-
choline.52 This process induces depolarization of the muscle 
fiber postjunctional membrane, resulting in calcium release 
and uptake. Calcium release promotes muscle ischemia and 
biosynthesis of pro-inflammatory mediators such as sub-
stance P, bradykinin, TNF-α, IL-1β, IL-6, and IL-8.52,55

Similarly, tendon disorders are also extremely common 
among the general population, albeit rather more frequent 
in athletes. This pathology also ranges from traumatic inju-
ries to chronic disease processes, much like the pathophysi-
ological progressions described earlier.56 Tendon injuries 
are mostly attributed to overuse conditions causing signifi-
cant physical stress on these tissues,57 or other intrinsic and 
extrinsic risk factors such as aging, biological sex, and even 
poor ergonomics which can contribute to the development 
of specific tendinopathies.58,59 The production of various bio-
mechanical and biochemical signals generates numerous 
physiological responses with varying effects. For instance, 
the activation of specific cell signaling pathways may or 
may not alter the regular function and composition of ECM. 
Depending on the given biological fate, certain reactions 
may subsequently trigger stable or unstable cell prolifera-
tion, migration, apoptosis, and morphogenesis.60 Adequate 
tendon homeostasis is crucial in dictating the fate of tendons. 
This process is regulated by mechanical loading, followed by 
cell activity, neuronal, and cellular regulators. These regula-
tors are secreted locally or distantly and followed via blood 
circulation and/or nerve supply.61,62 Therefore, impaired 
biomechanics and cellular dysfunctions may be acknowl-
edged as the major culprits in tendon pathologies. Proper 
loading of tendons stimulates anabolic responses, such as 
the increase of collagen mRNA expression and elevated syn-
thesis of these vital proteins.63,64 Collagen synthesis reaches 
its maximum in 24 h after physical modulation, and its lev-
els are kept high for up to 80 h.65 However, inadequate rest 
between activities and excessive loading ultimately forces 
tenocytes to produce pro-inflammatory molecules. This in 
turn fragilizes collagen fibrils, leading to the degradation 
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of collagen and elevating the risk of microdamage.65 The 
chronic degenerative alterations in tendons are also strongly 
outlined by increased levels of pro-inflammatory biomark-
ers such as ILs (18, 15, 6, and 1β) and TNF-α,66,67 along with 
the activation of the prototypical pro-inflammatory signal-
ing pathway nuclear factor kappa B (NF-κB).68 In addition, 
there is also the participation of the innate immune system 
in the early onset of the disease, especially with the crucial 
participation of macrophages during inflammation and tis-
sue repair. It is known that signaling pathways can induce 
the polarization of macrophages into either Mφ1 (pro-inflam-
matory) or Mφ2 (anti-inflammatory) subtypes.47,69 However, 
inflammatory mediators such as interferons, NF-κB, and glu-
cocorticoid receptor activation pathways regulate monocyte 
differentiation and macrophage polarization.69 This means 
that overstimulated inflammatory pathways in chronic 
tendon disorders dictate macrophage polarization, lead-
ing to failed, fibrotic healing responses.70 Under repetitive 
mechanical stress, transforming growth factor beta (TGF-β) 
binds to myofibroblasts and differentiates into fibroblasts.71 
Normally, at the end of the healing cascade, myofibroblasts 
will be free of mechanical stress, and these cells undertake 
apoptosis. The problem arises once this mechanism fails to 
activate, as myofibroblasts then trigger a hyperprolifera-
tive process leading to fibrosis, another prominent histo-
logical feature of tendinopathy.72 The repetitive unsuccessful 
healing responses also contribute to the deterioration of 
the mechanical properties, eventually leading to ruptures. 
Moreover, the aberrant sprouting and ingrowth of sensory 
nerve fibers take place after neoangiogenesis; however, since 
these nerves are not retracted they trigger nociception and 
increased pain signaling.72,73

Although the described disorders do have their particu-
larities, it seems evident that the aspect of chronic inflamma-
tion is frequently presented as a central pathophysiological 
hallmark in virtually all processes of MSDs.

Conventional approach

There are different ways to approach MSDs, although 
patients usually decide to visit physiatrists and orthope-
dic specialists due to various discomforts.20 To overcome 
the hurdle, medical doctors must be carefully evaluate the 
patient to avoid any confusion and also to avoid any misdi-
agnosis since some MSK conditions can sometimes be intri-
cate and may present an intricate nature.74,75 Comprehensive 
care involves an initial evaluation of the patient’s status via 
questionnaires, palpation, and examination of radiological 
evidence, when possible.

Initially, practitioners may decide to apply conventional 
treatment methods in attempts to identify and correct risk 
factors. Common strategies such as rest, administration of 
pharmacological substances, orthotic treatment, physical 
rehabilitation, friction massage, nutritional supplements, 
laser therapy, and dry needling alone or in combination.76,77 
However, a major challenge related with these treatments is 
that oftentimes they only target pain but do not arrest the 
pathological progression of MSDs.78 Furthermore, chronic 
non-steroidal anti-inflammatory drug (NSAID) use, for 
example, is very concerning. It has been reported that even 

though it effectively alleviates pain, it can also elevate the 
risk of acute renal failure, peptic ulcer disease, and myocar-
dial infarction.79

Non-pharmacological approaches have restricted poten-
tial meanwhile they are usually more restricted to physical 
therapy, nerve ablation, physical aids, education of maintain 
postural, and weight loss programs. In more complicated 
cases, however, for instance the end-stage OA, surgical pro-
cedures may prove to be unavoidable and, thus, tremen-
dously detrimental to the patient.50,80 To overcome these 
challenging scenarios, medical doctors have shifted their 
focus in the direction of CBs, which could be a novel thera-
peutic compounds and required further studies.

Biological mechanisms of CBD

In recent years, CBD has piqued the interest of researchers 
due to the unfolding of biological effects beyond its abil-
ity to reduce pain. In 2020, Miller et al.16 showed an in vitro 
study assessing the CBD role in the activation of the regen-
erative capacity of stem cells. In their study, the researchers 
treated human adipose-derived stem cells (ASCs) and bone 
marrow–derived mesenchymal stem cells (BMSCs) with 
either low or high levels of CBD and performed migration, 
proliferation, and wound closure (scratch) assays. Miller 
and colleagues learned that both ASCs and BMSCs showed 
a significant cellular migration increase after exposure to 
CBD. The migration of ASCs increased by 412% with low-
dose CBD, and 251% with high-dose CBD compared to con-
trol. The migration of BMSCs increased by 298% and 166% 
with low and high doses of CBD, respectively, compared to 
control. In regard to proliferation, higher CBD doses were 
more effective for BMSCs (48% CBD of low-dose and 86% 
CBD of high-dose), but no statistically significant differ-
ences were observed for ASCs. However, in terms of wound 
closure, ASCs treated with low-dose CBD had a 49% and 
78% quicker-wound closure rate at 20 and 44 h, respectively. 
Overall, at least in this particular setting, CBD priming of 
human mesenchymal stem cells (MSCs) at both low and 
high concentrations proved to enhance the three essential 
pillars in regenerative medicine: migration, proliferation, 
and wound healing. Such findings are of significant value for 
regenerative medicine because stem cell therapy alone has 
also demonstrated optimistic effects in various settings, espe-
cially in the autologous MSCs for the treatment of MSDs.81

CB receptors also play crucial roles in eliciting positive 
clinical outcomes.18 For instance, both the CB-1 and CB-2 
receptors, in particular, are commonly present in bone tis-
sue and are known to impart different effects on bone 
metabolism.18 Physiologically, the CB-1 receptor controls 
the growth of the bone during skeletal development and 
predominantly dictates metabolism of bone by acting on the 
peripheral sympathetic nerve terminals, inhibiting the pro-
duction of norepinephrine at sympathetic nerve terminals 
once it is activated in case of MSK injuries.82,83 This blocks 
osteoblast β2-adrenergic receptors, subsequently increas-
ing osteoblast activity and differentiation.83 The reduction in 
β2-adrenergic receptors stimulation of leads to reducing the 
formation of osteoclast by decreasing the receptor activator 
of NF-κB ligand, one of the major proteins responsible for 
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osteoclastogenesis as depicted in Figure 1.84 To elaborate, 
preclinical reports showed that number and function of oste-
oblast were not affected during bone growth in CB-1 recep-
tor-deficient mice; however, during middle age, decrease 
in the osteoblastogenesis and increase in the adipogenesis 
occur, which eventually reduced the bone formation dur-
ing late ages.82,83,85 Furthermore, an in vitro study15 showed 
the CB-1 receptor’s activation during the differentiation of 
osteogenic and displays a functional role in survival of MSCs 
at acute cell stress. Conversely, as a side note, the adminis-
tration of Δ9-THC in this in vitro setting imparted negative 
effects on MSC survival and osteogenesis.

CB-1 is a presynaptic heteroreceptor located in the presyn-
aptic peripheral and central nerve terminals where pain sig-
nals are highly transmitted. Activation of the CB-1 receptor in 
the presynaptic region inhibits the calcium influx-mediated 
neurotransmitter release from its vesicles. It inhibits presyn-
aptic transmission, thereby decreasing the beta-adrenergic 
activity on the mature osteoblasts. Furthermore, it facilitates 
MSCs recruitment and accelerates osteoblastic differentia-
tion under suitable conditions.

These observations partially illustrate the function of 
CB-1 receptor stimulation and its role in maintaining the 
health of bone tissue. This could be of great value for osteo-
arthritic patients considering that the subchondral bone is 
significantly affected by the detrimental alterations that take 
place at the onset of OA.86

CB-2 receptor is also present in bone-related cells with 
their precursors albeit at increased levels in comparison to 
the CB-1 receptor, playing key roles in bone homeostasis.87 

Stimulation of CB-2 receptor positively affects osteoblasts 
in terms of proliferation and cellular activity since it pro-
motes increases in osteogenic factors (bone sialoprotein, 
runt-related transcription factor 2, alkaline phosphatase, 
osteopontin, and osteocalcin), while its effects on osteoclasts 
remain controversial.18,88 Mice models of CB-2 receptor defi-
ciency reveal dramatic increases in osteoporotic conditions, 
with decreased number and function of osteoblasts and con-
comitant increases in osteoclasts.89,90 Interestingly, the lack 
of CB-2 receptor expression in these knockout mice did not 
reveal significant physiological alteration of any additional 
organ systems except for bone.89,90 Other CB receptors, such 
as TPRV1, TPRV4, GPR119, and GPR55, resemble in struc-
ture and bind to both CB-1 and CB-2 receptors but are still 
under further research in bone metabolism.18,89,90

It is worth noting that a role as the regulator of inflam-
mation has been proposed for the CB-2 receptor.91 The fact 
that it is also highly expressed in immune cells suggests the 
possibility for the endocannabinoid system (ES) involved in 
immunomodulation.91 As the name suggests, the ES is regu-
lated by several lipid signaling molecules, better known as 
endocannabinoids.92 Anandamide or arachidonoyl ethanola-
mine (AEA) and 2-arachidonoylglycerol (2-AG) are the two 
commonly reported endocannabinoids.92 AEA functions in 
maintaining the basal endocannabinoid signaling, as it binds 
to both the receptors (CB-1 and CB-2).93 When elevated, this 
molecule acts as a complete agonist for the transient receptor 
potential vanilloid 1; it mediates the integration of noxious 
stimuli that cause pain.94 In contrast, 2-AG is a complete 
agonist for both the receptors (CB-1 and CB-2).95

Figure 1. Biological effects of cannabinoids on osseous tissue through various mechanisms.
Source: Created with Biorender.com.
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Both the endocannabinoids 2-AG and AEA are known 
to function on several immune cells via activation of CB-2 
receptor. Research shows that 2-AG appears to modulate leu-
kocyte recruitment, migration, chemokine release, and adhe-
sion to fibronectin, illustrating its pro-inflammatory effect.96 
Conversely, AEA downregulates these functions and further 
dampens the making of NO and the secretion of pro-inflam-
matory cytokines.91 There have been reports of AEA in promo-
tion of synthesis of IL-10 (a major anti-inflammatory cytokine).

Activation of the ES appears to be triggered in chronic 
MSK pain. For instance, 2-AG and AEA are present in the 
synovial fluid of patients (with rheumatoid arthritis), unlike 
in healthy individuals.97 The mRNA of both receptors (CB-1 
and CB-2) is also found in the synovial tissues of arthritic 
patients.97 However, researchers found that the activation of 
the CB-2 tone blocks the making of MMPs and pro-inflamma-
tory cytokines from fibroblast-like synoviocytes.98 In addition, 
this process can also contribute to osteoblast differentiation,90 
and the inhibition of fibroblast-like synoviocytes prolifera-
tion, at least in vitro settings.99 Furthermore, inhibition of CB 
receptors has reported that endocannabinoids can increase or 
inhibit the perception of pain.100 This antinociceptive prop-
erty exhibited by CB agonists appears to be in accordance 
with their capacity to shift binding ligands from the receptor 
of CB, which subsequently impedes cell signaling.

Such findings put forward the CB-2 receptor appears to 
be a potential therapeutic target for chronic MSK diseases. Its 
activation in inflammatory diseases, like rheumatoid arthri-
tis, may improve the pathophysiological of the disease, espe-
cially in terms of inflammation and bone loss.91

CBD has been shown to affect the nervous system in dif-
ferent ways, especially in terms of circadian rhythm regula-
tion.101 Recently, a large retrospective case series101 revealed 
that 25–75 mg of CBD generated positive effects on sleep 
improvement as adjuvant therapy in 72 adults with sleep 
disorders, without causing serious adverse effects. CBD 
treatment reduced anxiety scores within the first month 
in 57 patients, remaining low throughout the study dura-
tion. The sleep scores increased in 48 patients within the 
initial four weeks but varied over time. These observations 
lie in parallel with previous results showing that CBD has 
also been shown to reduce wakefulness, which eventually 
leads to longer sleep duration in patients with insomniacs.102 
Researchers have previously hypothesized that the expres-
sion and location of the CB-1 receptor and its interactions 
with the endocannabinoids in the CNS are in great part 
responsible for the calming effects experienced by patients, 
which may facilitate sleep.103 This is particularly significant 
because the circadian rhythm regulates about 40% of protein-
coding genes in many tissues through mechanisms associ-
ated with the clock of central circadian as well as feedback 
loops of cell-intrinsic autoregulatory.104 In addition, the circa-
dian rhythm is also responsible for stimulating cellular activ-
ity including migration, division, metabolism, and other 
biological developments.32 The physiological alterations that 
take place during sleep provide a favorable microenviron-
ment for migration, proliferation, and differentiation of stem 
cells. These biological events are established either directly 
via circadian clock gene expression or indirectly via hormo-
nal activity and cytokine modulation.32 These observations 

propose an alternative manner in which CBD may contribute 
to the amelioration of chronic MSDs by improving sleep, 
which in turn allows adequate regulation of additional bio-
logical processes involved in tissue regeneration and pain 
relief.

Immunomodulation is also a key component of CBD that 
further reinforces its potential in regenerative medicine, even 
more so in autoimmune conditions. In a mouse model of dia-
betes,105 researchers reported that treatment of CBD signifi-
cantly reduces levels of TNF-α and interferon-γ in plasma, 
which are secreted by peritoneal macrophages, and activated 
Th1 cells, which are predominantly linked to inflammatory 
responses. In addition, CBD also upregulates the synthe-
sis of anti-inflammatory cytokines such as IL-4 and IL-10, 
which are secreted by T helper 2 cells.105 Interestingly, a par-
allel study showed that Δ9-THC promoted an antioxidant 
effect in diabetic mouse model (induced by a streptozotocin), 
reducing the levels of expression of IL-1 and IL-6 along with 
malondialdehyde, delaying disease progression overall.106

These observations can also be interpreted in the context of 
other MSK conditions, such as diabetic peripheral neuropa-
thy, for instance. This severe MSK condition is significantly 
associated with the elevated production of major pro-inflam-
matory cytokines (TNF-α, IL-1β, and IL-6) through glial cells 
in the spinal cord.107,108 Since both the receptors (CB-1 and 
CB-2) are also expressed in activated microglia cells,109 CBD 
therapy may prove to be a feasible alternative in such con-
ditions. To elaborate, Toth et al.109 compared the degrees of 
the potency of CBD (CB-2 receptor and GPR55-antagonist) 
against synthetic CBs SR144528 (CB-2 receptor antagonist), 
SR141716A (selective CB-1 receptor antagonist), WIN 55 
(CB-1 receptor agonist), and nabilone (non-selective CB-1 and 
CB-2 receptor agonist) for neuropathic pain. The researchers 
found that only CBD was able to reduce pain by impeding 
the promotion of microglial cell numbers and their phospho-
P38 mitogen-activated protein kinase expression in the spinal 
cord of the mice dorsa. Another animal study13 showed that 
prophylactic administration of CBD stopped joint pain devel-
opment and nerve damage in osteoarthritic rats. In regard 
to safety, animal studies show that systemic administration 
of CBD does not seem to promote adverse effects.110 The 
exploratory behavior in rats, for example, is not changes by 
systemic CBD, which indicates partial central effects without 
the induction of psychoactive symptoms.110 These findings 
hold significant value, given the fact that neuronal homeo-
stasis is also an indispensable factor of MSK integrity and the 
subsequent pain relief for better quality of life.

The progression of MSDs is by cellular immunity respond-
ing to an inflammatory environment.111 Exosomes and 
microvesicles are released from all cells including immune 
cells and which are one key mediator for cell-to-cell commu-
nications and microenvironments.112 A new study showed 
that CBDs inhibit the release of exosomes and microvesi-
cles.113,114 The effect may also contribute to the beneficial 
effects of CBD on MSDs.

Future prospects

Regardless of the growing studies, the application of CB 
products in MSK regenerative medicine is still in its infancy. 
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Although not fully elucidated, CBD demonstrates potent 
anti-inflammatory, antihyperalgesia, and analgesic prop-
erties in numerous MSDs. However, even with optimistic 
results, it must be emphasized that the majority of the pub-
lications are somewhat restricted to preclinical studies. This 
shows the need for additional investments in translational 
research as the literature would highly benefit from more 
clinical trials evaluating not only CBD but also other CB 
products for chronic MSDs and associated pain.

There are, of course, other challenges that must be 
addressed with the introduction of CB derivatives in clinical 
practice. Although CB products have shown the potential to 
treat orthopedic conditions, they may raise ethical issues for 
elite athletes. According to the World Anti-Doping Agency 
(WADA) regulations, CB products are prohibited in competi-
tion except for CBD.115 Unlike the intoxicating Δ9-THC mol-
ecule, CBD is no longer banned by WADA and also shown 
to be safe and well tolerated in humans.1 Over the years, 
the prejudice associating CBD with recreational drugs has 
slowly faded away. Some countries are beginning to review 
legislation regarding the use of CBD for medicinal purposes 
with the liberation of without a prescription “nutraceutical” 
products.1 In the United States, however, the use of extracted 
CBD should not be taken casually as it is still considered 
Schedule I on the list of controlled substances by the US Drug 
Enforcement Agency.6,116

Another point to consider is the administration of CBD 
in pregnant women. Although understudied, the Food and 
Drug Administration agency strongly advises against the 
use of CB products in general during pregnancy and breast-
feeding.117 These compounds may cross the placental barrier 
and directly affect fetal development. Potential risks could 
include disruption in innate and adaptive immune system in 
the developing fetus.118

Conclusions

CBD is a natural biological compound derived from the can-
nabis plant with numerous benefits for several conditions. 
CBD plays vital physiological roles in human health that 
go well beyond immunomodulation, anti-inflammation, 
and antinociception. Recent investigations show that CBD 
also enhances cell proliferation and migration, especially in 
MSCs. These features could be of significant value in MSK 
medicine. Although there is still some controversy in the lit-
erature, this non-intoxicating molecule has been considered 
safe and generally well tolerated in humans. This area is 
still relatively new in MSK medicine, and even though new 
studies are emerging, the clinical application of CBD requires 
more robust data from clinical trials to further elucidate the 
mechanisms that contribute to the improvement of MSK 
structures.
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