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Abstract
Purpose of Review This narrative review article comprehensively explains the pathophysiology of osteoarthritis (OA) pain 
perception, how the gut microbiota is correlated with it, possible molecular pathways involved in probiotics-mediated OA 
pain reduction, limitations in the current research approaches, and future perspectives.
Recent Findings The initiation and progression of OA, including the development of chronic pain, is intricately associated 
with activation of the innate immune system and subsequent inflammatory responses. Trauma, lifestyle (e.g., obesity and 
metabolic disease), and chronic antibiotic treatment can disrupt commensal homeostasis of the human microbiome, thereby 
affecting intestinal integrity and promoting leakage of bacterial endotoxins and metabolites such as lipopolysaccharides (LPS) 
into circulation. Increased level of LPS is associated with knee osteophyte severity and joint pain. Both preclinical and clinical 
studies strongly suggest that probiotics may benefit patients with OA pain through positive gut microbiota modulation and 
attenuating low-grade inflammation via multiple pathways. Patent data also suggests increased interest in the development 
of new innovations that involve probiotic use for reducing OA and joint pain.
Summary Recent data suggest that probiotics are attracting more and more attention for OA pain management. The advance-
ment of knowledge in this area may pave the way for developing different probiotic strains that can be used to support joint 
health, improve treatment outcomes in OA, and reduce the huge impact of the disease on healthcare systems worldwide.

Keywords Osteoarthritis · Pain · Gut microbiome · Probiotics

Introduction

Osteoarthritis (OA) is a chronic, degenerative joint dis-
ease that is characterized by progressive deterioration of 
the entire synovial joint, including articular cartilage, syn-
ovium (joint lining), and subchondral bone (bone beneath 
the cartilage). Symptoms of OA, such as chronic pain and 
physical limitations, can significantly affect a patient’s indi-
vidual quality of life. As per the Global Burden of Disease 
Study 2017, OA leads to the highest years lived with dis-
ability rates for nearly three decades among all musculo-
skeletal disorders [1]. OA has a multifactorial etiology, with 
different sets of risk factors that can be grouped into two 
categories, i.e., non-modifiable such as age, ethnicity, sex, 
genetics, or history of joint trauma or injury, and modifi-
able such as obesity, occupational health hazard, previous 
incidence of joint injuries, quadriceps weakness, and joint 
malalignment [2]. Thus, OA can be considered the phe-
notypic manifestation of a series of pathways leading to a 
common end-stage pathology.
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Traditionally, OA was believed to be a mechanically 
driven rather than an inflammatory disease. However, 
over the years, researchers have discovered that inflam-
mation plays a significant role in cartilage degeneration 
and impaired repair responses at many stages of the dis-
ease [3]. Inflammation plays a central role in OA progres-
sion by promoting synovial inflammation, driving chon-
drocyte-intrinsic catabolic responses, and contributing to 
the severity of joint symptoms such as pain. The initiation 
and prolongation of OA are intricately associated with 
the activation of the innate immune system; thus, inflam-
mation in OA is also characterized as an innate immune 
response [4]. Studies have reported that the innate inflam-
matory response during OA creates an environment in 
joints for increased nociception [5]. Nociceptors are 
abundant in the joint capsule, ligaments, subchondral 
bone, and synovium, making it more prone to nocicep-
tion or heightened pain sensitivity. The nociception has 
been attributed to increased neuromodulatory media-
tors such as pro-inflammatory cytokines, chemokines, 
NGF, neuropeptides, bradykinin, and PGs that can bind 
to nociceptors [5]. Though nociception during OA origi-
nates from peripheral sensitization of nociceptors, it also 
involves modulation of dorsal root ganglia (DRG) and 
central sensitization, i.e., prolonged hyperexcitability of 
the pain circuits in the CNS.

Gut microbiota is a collection of microbial populations, 
such as bacteria, archaea, and eukarya, responsible for meta-
bolic, immunological, structural, and neurological functions. 
In a healthy physiological context, pathogenic and symbi-
otic microbiota coexist in a relative balance (normobiosis) 
while under pathological stress and/or disease conditions, 
loss of beneficial microbial input or signal, and an expansion 
of pathogenic microbes (pathobionts). Thus, diversity and 
microbial stability are often key indicators of gut microbiota 
health because of their inverse association with chronic dis-
eases and metabolic dysfunction [6]. Microbial dysbiosis 
has emerged as a hidden risk factor inducing the production 
of pro-inflammatory cytokines and bacterial metabolites 
such as lipopolysaccharides (LPS) [7]. The innate immune 
system has evolved pattern recognition receptors (PRRs) 
to recognize bacterial metabolites also categorized as the 
pathogen-associated molecular pattern (PAMPs). Thus, gut 
dysbiosis via modulating immune response might increase 
sensitization of nociceptors and lower pain threshold.

Targeting the gut microbiota through diet and pharma-
biotic intervention may represent a new therapeutic strat-
egy for chronic pain management. Probiotics are live or 
attenuated microorganisms that modify the gut micro-
biome when administered in an appropriate dose and 
impart a health benefit to the host [8••]. Probiotic bacte-
rial species can modulate the gut microbiota composition 
to prevent or improve symptoms of various pathological 

conditions involving pain disorders. Data from both 
preclinical and clinical studies have demonstrated that 
the administration of probiotics such as Lactobacillus 
casei Shirota, Lactobacillus acidophilus, Lactobacillus 
rhamnosus, Lactobacillus casei, Clostridium butyricum, 
and Streptococcus thermophiles could attenuate OA pain 
(Tables 1 and 2). In addition, probiotics might be effec-
tive in modulating OA-associated pain via modulation of 
multiple signaling pathways, including decreased mono-
cyte chemoattractant protein-1 (MCP-1), C–C chemokine 
receptor type 2 (CCR2), transient receptor potential cat-
ion channel subfamily V member 1 (TRPV1), and cal-
citonin gene-related peptide (CGRP) expression in the 
dorsal root ganglion (DRG); downregulation of matrix 
metalloproteinase (MMP), cyclooxygenase (COX)-2, 
MCP-1, CCR2, and pro-inflammatory cytokines expres-
sion in joint tissues; and increased expression of type II 
collagen and tissue inhibitor matrix metalloproteinase 1 
(TIMP1) (Table 2). Data from clinical trial registries and 
patent databases show an increased interest in the devel-
opment of new innovations that involve probiotics as a 
new therapeutic strategy for managing OA pain. Thus, 
this review article summarizes preclinical and clinical 
studies that have demonstrated the effect of probiotics on 
OA pain. This is the first review article that highlights 
possible molecular pathways involved in probiotics-
mediated OA pain reduction based on published studies. 
To understand these pathways, the article also discusses 
how gut microbiota is correlated with chronic low-
grade inflammation and innate immune response that 
drives OA progression and associated pain perception. 
Finally, the limitations involved in the current research 
approaches and future perspectives are discussed.

Chronic Low‑grade Inflammation Is the Key 
Mediator of OA Progression

OA was traditionally considered the sole consequence of 
any process leading to increased pressure on one particular 
joint or fragility of the cartilage extracellular matrix (ECM). 
However, the advancement in molecular biology and the dis-
covery of cytokines and the role of PG in the pathogenesis 
of OA have led to the increased acceptance of an “inflamma-
tory” theory. The combination of sensitive imaging modali-
ties and direct arthroscopic visualization has suggested the 
involvement of synovial inflammation in both early OA and 
advanced-stage OA that further led to the development and 
progression of OA. The presence of synovitis often predates 
the development of radiographic damage in OA, and mono-
nuclear cell infiltration and overexpression of inflammatory 
mediators in the synovium are prominent in early OA [21, 
22]. It should be noted that the critical role of synovitis 
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includes the involvement of cartilage and the chondrocyte 
in the pathogenesis of either early or late OA. Cartilage 
breakdown products in synovial fluid and microfissures in 
articular cartilage are present long before any degeneration 
can be noted using current MRI technology or gross arthro-
scopic visualization [23]. Early cartilage degradation events 
may play a driving role in the development of inflammation 
within the OA joint, specifically the OA synovium. Thus, 
OA can be viewed as a vicious, self-perpetuating cycle of 
local tissue damage, inflammation, and maladaptive repair 
responses, leading to chronic low-grade inflammation.

OA Progression, Activation of the Innate 
Immune System, and Subsequent 
Inflammatory Responses

The inflammation observed in OA has been reported to be 
a consequence of our immune response, primarily innate 
and, to a lesser degree, adaptive [24]. PRRs, such as Toll-
like receptors (TLRs) or nucleotide-binding oligomeriza-
tion domain (NOD)–like receptors (NLRs) are important 
for sensing components of but not limited to, microbial 
cells, such as lipopeptides, peptidoglycans, glycolipids, and 
lipopolysaccharides (LPS),

Some PRRs can also detect host-derived danger sig-
nals generated when tissues are damaged. One such group 
of molecules known to generate these signals is damage-
associated molecular patterns (DAMPs). DAMPs signal to 
the immune system a state of stress requiring a protective 
response to either combat infection or initiate repair pro-
cesses. DAMPs found to be involved in the progression of 
OA can be divided into four categories, i.e., cartilage ECM 
components (fibronectin, hyaluronan, biglycan, and tenas-
cin C), plasma proteins (Gc-globulin, α1-microglobulin, 
and α2-macroglobulin), intracellular alarmins (high mobil-
ity group box 1 and S100), and crystals (basic calcium 
phosphate, calcium pyrophosphate dihydrate, uric acid) 
[22]. Because the list of innate DAMPs is long and rapidly 
growing, a complete discussion is beyond the scope of this 
review.

OA is characterized by progressive tissue degradation 
that mainly affects the articular cartilage but is also evident 
in the surrounding tissues. Multiple cell types within the 
joint express PRRs, including macrophages, fibroblasts, and 
chondrocytes [24, 25]. As a result, in the joints of patients 
with OA, these damaged tissues might generate multiple 
DAMPs and alarmins, which after binding to their respec-
tive receptors, would promote cellular innate immune 
responses. Studies have shown that the expression of PRRs 
such as TLR2, TLR4, receptor for advanced glycation end 
products (RAGE), and NLR family pyrin domain contain-
ing 3 (NLRP3) in cartilage is increased throughout the Ta
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development of OA [24]. Along with microbe-associated 
molecular patterns (MAMPs), TLR4 also senses more 
DAMPs than any other known PRR [26, 27]. Moreover, the 
transit of plasma proteins into the OA synovial compart-
ment induces TLR4-mediated inflammatory responses in 
macrophages, which are important mediators of synovial 
inflammation in OA. Soluble inflammatory factors includ-
ing cytokines, chemokines, adipokines, neuropeptides, and 
lipid inflammatory mediators have been implicated in OA 
pathogenesis [22].

Nuclear factor-κB (NF-κB) has been recognized as the 
master orchestrator of TLR-induced responses, as all TLR 
signals converge on NF-κB [28]. The NF-κB pathway is a 
regulator for inflammatory processes in chondrocytes. It 
increases the expression of MMPs, nitrous oxide synthase 
(NOS), COX-2, and interleukin-1 (IL-1), and inhibition 
of type II collagen and aggrecan core protein expression, 
which can cause apoptosis, a shift in cell phenotype, and 
overexpression of pro-inflammatory genes that ultimately 
contribute to further destruction of cartilage ECM (Fig. 1) 
[29]. Benito et al. found a positive correlation between 
NF-κB1 and increased COX-2 expression in knee joint 
synovial tissues retrieved from patients with early-phase 
OA [21]. Liu et al. investigated the expression of inflamma-
tory factors during OA progression [30]. They found that 
expression of TLR-2, NF-κB, and MMP-13 is upregulated 
with the increase in the degree of OA lesions, indicating 
that the TLR-2/NF-κB signaling pathway can contribute 
to OA development. Similarly, Ostojic et al. discussed the 
role of macrophages in OA progression through the NF-κB-
mediated production of inflammatory factors (i.e., iNOS and 
MMP-9) in the intima, except in advanced OA, where leu-
kocytes could have a dominant role through NF-κB produc-
tion in subintima [31]. The high expression of NF-κB in 
synovial macrophages was highlighted as direct evidence 

of the involvement of macrophages in the pathogenesis of 
knee OA.

In Addition to Local Inflammation 
in the Joint, Systemic Inflammation 
Might Also Have an Important Role in OA 
Pathogenesis

Metabolic abnormalities such as obesity are known to pre-
dispose individuals to OA, possibly not only by increasing 
the mechanical load on joints but also by causing chronic, 
systemic inflammation through inflammatory mediators 
(such as adipokines and other pro-inflammatory cytokines) 
that are produced by adipose tissue and released into the 
bloodstream [32]. It is possible that the systemic inflamma-
tion associated with chronic inflammatory states, such as 
obesity or certain chronic diseases, promotes local inflam-
mation in joints that ultimately results in OA.

Several studies support the observation that systemic 
inflammation is associated with OA. These include key 
epidemiologic analyses demonstrating that serum levels of 
C-reactive protein (CRP) are strongly associated with the 
presence and progression of knee OA [33]. Snelling et al. 
demonstrated a high level of synovial fluid-high sensitivity 
C-reactive protein (SF-hs-CRP) in knee OA. They suggested 
it as an indicator of synovial inflammation and ongoing 
inflammatory process [34]. A positive correlation between 
levels of serum CRP and histologic evidence of synovitis 
and synovial fluid interleukin-6 (IL-6) at the time of joint 
replacement has also been demonstrated. These observations 
strongly suggest that the systemic inflammation observed in 
OA is at least partially reflective of local synovial inflam-
mation [35].

Fig. 1  The role of innate immune system in the initiation and prolongation of OA
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The Complex Interplay Between 
the Gastrointestinal Microbiome, Its 
Products, and the Immune System Triggers 
the Role of Low‑grade Inflammation in OA

The term “gut joint axis” was coined to explain the pres-
ence of an interlinked pathway that involves the gas-
trointestinal microbiome, immune responses, and joint 
pathophysiology. Over the years, research has focused 
on understating the role of this axis in the etiology and 
pathogenesis of OA. The correlation between the altered 
bacterial composition of the gut microbiome and OA 
severity suggests systemic implications for the disruption 
of gut permeability. Specific groups of bacteria such as 
Firmicutes, Bacteroidetes, and Streptococcus have been 
implicated in the pathogenesis of gut dysbiosis associated 
with OA. Several preclinical studies have established that 
obesity and high-sugar and high-fat diets modulate gut 
microbiome composition and result in increased Firmi-
cutes/Bacteroidetes (F/B) phyla ratio and increased per-
meability [36•]. An increase in the F/B ratio resulted in 
dysregulation of the delicate balance between pro-inflam-
matory markers (IL-1β, IL-6, TNFα, IL-12, IL-18) and 
thus contributing towards a pro-inflammatory state.

Substantial evidence from preclinical and clinical stud-
ies suggests that bacterial products can leak across the gut 
epithelium and reach many organs through the systemic 
circulation and thus cause inflammation especially in cer-
tain comorbid conditions, such as obesity [37]. Since then, 
connections have been hypothesized and proven between 
the microbiome and a variety of different diseases, such as 
inflammatory bowel disease [38], type 2 diabetes [39], and 
atherosclerosis [40]. Enrico et al. reviewed a noticeable 
connection between the gut and musculoskeletal health 
and discussed the crucial role of the gut microbiome 
in mediating systemic inflammation [41•]. The authors 
described the gut microbiome as an endocrine organ 
functionally based upon the fact that the gut microbiome 
produces numerous chemicals (frequently defines as hor-
mones in review articles) that act via the bloodstream to 
distal sites in the human body.

Given the intimate interplay between gut microbiota-
derived metabolites and the host immune system, it is 
not surprising that some microbial components have 
been linked to autoimmune responses via the activa-
tion of innate immunity. Components of the microbi-
ome affect the immune composition of the gut through 
the maturation and differentiation of immune cells. 
The microbiome produces microbial components and 
metabolites recognized by the innate immune system. 
This induces constitutive signaling, much of which 
occurs via toll-like receptors. This signaling produces 

factors that induce a physiologic level of inf lamma-
tion. One such component of the outer membrane of 
gram-negative bacteria is LPS, which elicits cartilage 
and synovium inflammatory pathways. The bacterially 
produced pro-inflammatory metabolites, such as LPS, 
make their way from the “leaky gut” to the systemic 
circulation and induce systemic inf lammation [42]. 
LPS is now known to contribute to systemic inflamma-
tion with several clinical conditions, including cardio-
metabolic dysfunction, acceleration of atherosclerosis, 
and diabetes. Huang et al. found that increased LPS 
and LPS-binding were associated with knee osteophyte 
severity and abundance of activated macrophages in 
the synovium. Also, monitoring circulating LPS con-
centrations could provide a new means to diagnose and 
treat specific phenotypes of OA [43]. LPS is a classical 
activator of the innate immune system that activates 
immune cells, such as macrophages and neutrophils, in 
the host by binding to the TLR4 complex. Because of 
its pathophysiological properties, LPS has been used to 
induce arthritis in conjunction with collagen in animal 
models [44]. LPS and DAMPs synergistically activate 
an innate immune-driven inflammatory response.

Gut Dysbiosis Occurs Either Due to Lifestyle 
Modification (e.g., Obesity and Metabolic 
Disease) or Chronic Antibiotic Treatment, 
Significantly Affecting Gut Permeability

The most accredited linking factor between dysbiosis 
and OA may be represented by the common appearance 
of chronic systemic inflammation, supporting the exist-
ence of a new OA phenotype indicated as metabolic OA. 
Obesity, one of the most well-known risk factors for OA, 
increases the mechanical stress on the tibiofemoral car-
tilage and leads to a higher prevalence of OA in non-
weight-bearing areas owing to a link between obesity 
and metabolic syndrome. Obesity involves inflamma-
tory cytokines or adipokines release induced by immune 
response [32]. Indeed, obesity is associated with impaired 
gut mucosa and microbiome translocation [45]. High-fat 
diet modulates tight junctions, their expression, and dis-
tribution directly through dietary fats or indirectly via 
increased cytokines release [46]. Moreover, microbes are 
spatially redistributed in the intestine, mainly occupying 
intervillous/cryptal spaces. Due to such changes, progres-
sively, innate immune receptors in the gut are activated by 
microbial products and stimulate pro-inflammatory medi-
ators’ production. Pro-inflammatory cytokines, in turn, 
dysregulate tight junction formation creating a vicious 
cycle. Metabolic endotoxemia, caused by impaired gastric 
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mucosa and inflammation, may contribute to the onset 
and progression of OA in obese patients [47]. This may 
account for the association between obesity and OA at 
non-weight-bearing joints, which biomechanical factors 
cannot explain. In OA, macrophage activation has been 
implicated as one of the predominant immune responses 
responsible for increased pain and inflammation [48]. 
Macrophages can be activated by the presence of bac-
terial products systemically or in their resident tissue. 
Specifically, LPS, produced by many bacteria including 
Streptococcus, can bind TLR4 expressed by macrophages 
[49]. This can induce pro-inflammatory mediators and 
lead to increased intestinal permeability. Increased intes-
tinal permeability allows greater passage of bacteria, bac-
terial fragments, and pro-inflammatory mediators into the 
systemic circulation. Due to the elevation of LPS levels in 
association with obesity and metabolic syndrome, which 
are highly relevant risks factors for OA, it is possible 
to speculate on the involvement of the gut microbiota 
in OA, at least by LPS-induced inflammation, metabolic 
endotoxemia, macrophage activation, and consequent 
joint damage.

Although gut microbiota dysbiosis has been studied 
in the context of OA, the effect of antibiotic-induced gut 
flora dysbiosis on OA still needs to be mechanistically 
explored. Several recent investigations have explored the 
effect of antibiotic treatment on OA progression, and the 
results are described in this section. Reduction of gut 
microbiome through antibiotic treatment has also dem-
onstrated reduced articular cartilage structure damage in 
mice subjected to joint compression loading [50]. The 
most likely explanation for the reduced cartilage dam-
age in the antibiotic-treated mice is alterations in the gut 
microbiome. In a mouse OA model, antibiotic-induced 
destabilization of the medial meniscus (DMM) and gut 
microbiome dysbiosis reduced LPS serum levels. In 
addition, the inflammatory response, such as suppres-
sion of the levels of tumor necrosis factor-α (TNF-α) and 
interleukin-6 (IL-6), decreased MMP-13 expression and 
thus led to improvement of OA after joint injury. More-
over, osteophyte scores and trabecular thickness were 
increased significantly in antibiotic-induced male mice 
compared with female mice [51••]. Similarly, oral doxy-
cycline has been found to reduce OA joint pathology in 
humans and animals [52, 53]. The other most impor-
tant and neglected component in the studies is the long-
term impact of antibiotic administration on the host’s 
healthy microbiome. Regular consumption of antibiotics 
to treat common bacterial infections can cause antibi-
otic‐induced changes in microbial composition and can 
harm host health, including reduced microbial diversity 
and changes in functional attributes of the microbiota.

Association Between the Gut Microbiome 
and OA Pain

Nociception or Heightened Pain Sensitivity During 
OA Has Been Attributed to the Innate Inflammatory 
Response

Joint pain can be categorized as nociceptive pain, which 
occurs in response to immediate tissue damage, and serves 
as an early-warning protective response; and neuropathic 
pain, which develops from damage to the somatosensory 
nervous system that does not diminish as the body heals. 
The development of neuropathic pain is not within the 
scope of this article.

The joint is a densely innervated organ. Its sensory 
innervation is geared predominantly towards propriocep-
tion and nociception, indicating how vital positioning 
sense and awareness of potentially harmful movement are 
to proper joint function. The sensory innervation com-
prises pain receptors, called nociceptors (from the Latin 
word “noxa,” which means damage and receptors), send-
ing the hurt signal to the spinal cord and then to the CNS. 
Nociceptors are pseudo-unipolar cells with an axonal stalk 
that extends from the cell body in the DRG and splits into 
two terminals. The peripheral terminal innervates periph-
eral tissues, and the central terminal extends to the dorsal 
horn of the spinal cord. Thus, nociceptors can receive and 
send signals at both terminals. In addition, nociceptors 
are abundant in the joint capsule, ligaments, periosteum, 
menisci, subchondral bone, and synovium, making it more 
prone to nociception. This heightened pain sensitivity is 
attributed to a number of factors outlined below and in 
Fig. 2.

Peripheral Sensitization Nociceptors can be activated by 
neuromodulatory mediators such as pro-inflammatory 
cytokines, chemokines, NGF, neuropeptides, bradykinin 
(BK), and PGis, which can enhance nociceptors sensitivity 
[5]. The noxious stimulus is then transduced into an electri-
cal signal generating an action potential along the primary 
afferent neuron. In normal joint conditions, there is a high 
threshold stimulus of a mechanical, thermal, or chemi-
cal nature. But during OA, the sensitivity of the nocicep-
tor increases, and even nociception occurs even at a lower 
threshold and leads to physical limitations. Active nocicep-
tors release neurotransmitters, i.e., substance P (SP), CGRP, 
and vasoactive intestinal peptide (VIP), from peripheral ter-
minals [5]. The release of these neurotransmitters may be 
associated with vasodilation inducing extracellular leakage 
of fluid and proteins. Overall, these inflammatory condi-
tions result in immune system activation that, in a vicious 
circle, enhances inflammation and ultimately leads to pain 
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perception. Several target receptors and ion channels on 
peripheral terminals and along axons of primary afferent 
neurons are involved in pain stimulus transduction. Sensiti-
zation of nociceptor leads to decreased activation threshold 
for neuronal ion channels, such as the TRPV1, thus contrib-
uting to mechanical hyperalgesia (increased sensitivity to 
noxious stimuli) and allodynia (the interpretation of non-
noxious stimuli as painful) [5].

Modulation in the DR Voltage-gated ion channels (i.e., volt-
age-gated sodium: Nav 1.7, Nav 1.8, potassium, or voltage-
dependent calcium channels) convey nociceptor signals to 
electrical signals to be propagated through the primary affer-
ent neuron to the synapses located in the dorsal horn of the 
spinal cord [54]. Neuronal cell bodies in the DRG reside 
alongside small satellite glial cells and macrophages, and 
their interactions may promote the transition from acute to 
chronic pain. As the disease progresses, the expression of 
the MCP1 and its receptor, CCR2, is increased, followed by 
infiltration of macrophages into the DRG and by the onset 
of pain behaviors [55].

Central Sensitization Central termini of afferent neurons 
enter the dorsal horn of the spinal cord and make their first 
synapse with interneurons or projection neurons. Continued 
nociceptor input can lead to prolonged hyperexcitability of 
pain circuits in the CNS, a phenomenon known as central 
sensitization. Cellular processes involved are increased 
neuronal membrane excitability, synaptic facilitation, and 
disinhibition. Overall, central sensitization is the result of 
the tremendous plasticity of the CNS. It leads to increased 
spontaneous neuronal activity, reduced activation thresh-
olds, and expansion of the receptive field. It is manifested 

as hyperalgesia (increased sensitivity to noxious stimuli) and 
allodynia (the interpretation of non-noxious stimuli as pain-
ful), even in areas outside the initial trigger zone. Mount-
ing evidence suggests that central sensitization phenomena 
are integral to OA pain [56]. Furthermore, abnormalities in 
somatosensory perception are reversible after successful sur-
gery or joint replacement, as reported for hip OA and knee 
OA [57]. This reversibility further underlines the plasticity 
of the CNS and, mechanistically, implies that central sen-
sitization is maintained by peripheral input from the joint.

Gastrointestinal Microbiota Can Directly 
or Indirectly Modulate Mechanisms 
Underlying Chronic Pain Through Multiple 
Gut Microbiota‑Derived Mediators

The role of the gut microbiota in visceral or abdominal pain 
is well established. However, their influence on chronic pain, 
such as inflammatory pain, neuropathic pain, headache, 
and opioid tolerance, has only been recently recognized 
[8••]. Gastrointestinal microbiota can directly or indirectly 
modulate peripheral sensitization underlying chronic pain 
through multiple gut microbiota-derived mediators, includ-
ing microbial by-products, metabolites, and neurotransmit-
ters or neuromodulators release (Fig. 3) [58••]. In addition, 
the gut microbiota can modulate dorsal root ganglia neuronal 
excitability and regulate neuroinflammation in the peripheral 
and central nervous systems under chronic pain conditions.

Pathogen-associated molecular patterns (PAMPs) act 
on immune cells to release pro-inflammatory cytokines 
and chemokines indirectly activated or sensitized primary 
sensory neurons in DRGs. On the other hand, primary 

Fig. 2  Joint brain axis illustrating both peripheral and central processes leading to the OA pain experience
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sensory neurons in DRGs can be directly activated or 
sensitized by PAMPs. For example, LPS can bind to 
TLR4 to induce activation and sensitization of nocicep-
tive neurons in DRGs, partially via a TRPV1-mediated 
mechanism [59, 60]. Moreover, LPS directly activates 
the transient receptor potential ankyrin 1 (TRPA1) chan-
nel and induces the release of CGRP, calcium flux, and 
action potentials in nociceptive sensory neurons through 
a TLR4-independent manner [61]. Thus, bacteria can 
produce pain by directly activating primary sensory neu-
rons, which reveals an unsuspected role of primary sen-
sory neurons in microbiome-host interaction. Therefore, 
PAMPs derived from gut microbiota may contribute to 
peripheral sensitization by directly acting on primary 
nociceptive neurons or indirectly acting on immune cells 
to induce neuronal hyperexcitability, leading to periph-
eral sensitization. In addition, activation of glia (e.g., 
microglia and astrocytes) can produce pro-inflammatory 
cytokines or chemokines, such as TNF-a, IL-1β, and 
CXCL1, and can result in elevated glutamatergic synaptic 
neurotransmission, decreased GABAergic synaptic neu-
rotransmission, or both [62–64]. Both effects contribute 
to the development of central sensitization, leading to 
pain hypersensitivity [65]. Notably, gut microbiota plays 
a pivotal role in regulating microglia’s maturation, mor-
phology, and immunological function [66, 67]. However, 
further investigation is needed to determine whether the 
neuroinflammation-mediated central sensitization under-
lying chronic pain can be directly or indirectly regulated 
by the gut microbiota.

Association Between the Gut Microbiome 
and OA‑Related Pain

Several studies indicate that gut microbiota may play an 
important role in inflammatory pain [68•]. Amaral and team 
found that the inflammatory pain induced by carrageenan, 
lipopolysaccharide (LPS), TNF-a, IL-1β, and chemokine 
CXCL1 was reduced in germ-free mice compared with 
conventional mice [69]. The reduced pain hypersensitiv-
ity of the germ-free mice was significantly aggravated after 
being transplanted with the stool of conventional mice. 
Notably, decreased pain hypersensitivity in germ-free mice 
was associated with enhanced expression of interleukin 
10 (IL-10) upon stimulation and can be reversed by an 
anti-IL-10 neutralizing antibody [69]. Recently, Yan and 
Kentner demonstrated that neonatally LPS-challenged rats 
showed increased mechanical hypersensitivity during ado-
lescence, and the administration of a broad-spectrum anti-
biotic cocktail attenuated this mechanical hypersensitivity 
[70]. Injection of monosodium urate monohydrate (MSU) 
crystals caused joint inflammation, hypernociception, and 
production of IL-1β and CXCL1, which were substantially 
decreased in germ-free mice, mice treated with antibiotics, 
and free fatty acid receptor 2 (FFAR2 or GPR43)–deficient 
mice, suggesting commensal microbiota play a critical role 
in gout-induced acute inflammation and pain [71]. Thus, this 
suggests that the gut microbiota may play a key role in the 
direct or indirect regulation of pain perception under chronic 
pain conditions.

Fig. 3  Effect of gastrointestinal microbiota on peripheral sensitization triggering chronic pain
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More high-quality clinical studies are needed to address 
the potential role of the gut microbiome in OA-related pain. 
The paucity of clinical studies along with the disparity of the 
techniques used so far makes it impossible to draw firm con-
clusions on the topic. However, there are some interesting 
trends in the literature. Romero et al. found three studies that 
supported a relationship, specifically a correlation between 
the levels of certain taxa or microbial products, namely 
LPS, and the inflammatory landscape and severity of OA 
symptoms, including knee WOMAC pain [72••]. The major 
microbial taxa hypothesized to be involved Clostridium and 
Streptococcus species, with the former having been shown 
to promote T helper 17 (Th17) cells and drive arthritis and 
the latter postulated to lead to increased knee pain through 
activation of local or systemic macrophages [73, 74]. These 
assumptions are consistent with the previous study by Huang 
et al., which associates the presence of LPS and LPS-binding 
protein in both the serum and synovial fluid of OA patients 
with that of activated macrophages in the knee, OA severity, 
and joint symptoms, mainly pain [75]. Dunn et al. revealed a 
microbial DNA signature in the knee and hip cartilage sam-
ples from OA patients [76••]. The study also demonstrated 
an increase in gram-negative constituents such as LPS in 
human OA cartilage.

It is reasonable to speculate that a dysbiotic gut microbi-
ome contributes to eliciting a local and systemic inflamma-
tory state, also through the leakage of microbial products or 
metabolites across an impaired epithelial barrier, ultimately 
inducing or exacerbating OA-related pain. Favazzo et al. 
reviewed the gut microbiome-joint connection and high-
lighted (a) correlations between serum levels of bacterial 

metabolites and joint degeneration; (b) microbial community 
shifts induced by antibiotics, a germ-free environment, or 
high-fat diet; (c) dietary supplementation with nutraceuticals 
that are joint protective may exert their influence via shifts 
in the gut microbiome [77•].

Figure  4 depicts a molecular pathway that might be 
involved in gut microbiota-associated OA pain. We under-
stand the complexity of gut microbiome and OA inflamma-
tory and catabolic pathways and thus want to clarify that the 
pathway is hypothesized based on the published studies con-
ducted in the OA model/patients only. However, considering 
all the evidence examined up to this point in this review 
article, targeting gut microbiota through biotic interventions, 
such as probiotics, represents a novel and potentially fruitful 
strategy for OA pain management.

Role of Probiotics in OA Pain: Evidence 
from Preclinical and Clinical Studies

Probiotics are living organisms detected in food and dietary 
supplements that provide health benefits to the host when 
administered in an appropriate dose. Currently, probiotics 
are live microorganisms that are beneficial to the human 
body and are of great significance to maintaining the intes-
tinal microecological balance. Probiotics can survive in the 
passage through the digestive system and can attach to the 
intestinal epithelia and colonize the gut. Beneficial effects 
of probiotics are mediated by different mechanisms, includ-
ing competition against pathogenic bacteria in their binding 
to the intestinal epithelial cells, enhancement of intestinal 

Fig. 4  Association between the gut microbiome and OA pain: pro-
posed mechanisms and molecular pathways. 1 SCFA inhibits NF-κB 
and pro-inflammatory cytokines release by inhibiting histone deacety-
lation (HDAc). 2 The accumulation of MMPs in osteoarthritic carti-
lage may have a role in the biphasic progression of OA-related pain. 

3 Pro-inflammatory cytokines, and COX-2/PGE2 pathway CGRP 
expression during OA. 4 CGRP is expressed in nerve fibers at both 
the level of the dorsal root ganglion (DRG) and locally in the knee. 5 
TLR-4 is often found to be co-localized with TRPV1 leading to rapid 
neuronal excitation
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epithelial barrier function, inhibition of the growth of patho-
gens by secreting antimicrobial peptides, and/or enhance-
ment of serum immunoglobulin (Ig) A production, among 
others [78]. Previous reports have highlighted the role of 
probiotics in highly prevalent age-related musculoskeletal 
disorders, likely through restoring gastrointestinal tract bar-
rier functionality and inhibiting pro-inflammatory factors 
[79]. In addition, several clinical studies have shown that 
probiotics and their metabolites or probiotic fermented foods 
have received great attention in improving inflammatory 
arthritis. Very recently, Zeng et al. performed a systematic 
review and meta-analysis of 34 randomized controlled trials 
evaluating the safety and efficacy of probiotic supplemen-
tation in 8 types of inflammatory arthritis (hyperuricemia 
and gout, inflammatory bowel disease arthritis, juvenile 
idiopathic arthritis, osteoporosis and osteopenia, psoriasis, 
rheumatoid arthritis, spondyloarthritis, OA) [80••]. The 
study reported that probiotic supplements might improve 
these inflammatory arthritides and suggested a need for 
more randomized controlled trials to determine probiotics’ 
safety, efficacy, and optimal dosing design.

There is emerging evidence, mostly from preclinical stud-
ies, that the administration of probiotics attenuates stress-
induced visceral hyperalgesia [81, 82], neuropathic cuta-
neous mechanical allodynia, and thermal hyperalgesia [83, 
84]. Interestingly, clinical studies have also demonstrated 
the efficacy of probiotics in different pain conditions, such 
as dental pain [85–87], low back pain [88], menstrual pain 
[89, 90] and headache/migraine [91–93]. Recent preclinical 
and clinical studies (Tables 1 and 2) suggest that probiotics 
may be beneficial to the development of multidisciplinary 
and multimodal management strategies for treating OA pain.

Preclinical Studies

The Lactobacillus casei group is among some of the most 
studied species due to their commercial, industrial, and 
applied health potential [94]. Lactobacillus casei has been 
shown to alleviate inflammatory joint damage in collagen-
induced arthritic rats [95]. Oral administration of Lacto-
bacillus casei has been proposed as a potent nutraceuti-
cal modulator. So et al. found that Lactobacillus casei, in 
combination with type-II collagen and glucosamine, more 
effectively reduced pain, cartilage destruction, and lym-
phocyte infiltration than the treatment of glucosamine or 
Lactobacillus casei alone animal model of OA [15]. This 
co-administration also decreased the expression of the 
COX-2 enzyme, various pro-inflammatory cytokines (TNF-
α, IL-1β, IL-2, IL-6, IL-12, IL-17, and IFN-γ), and matrix 
metalloproteinases (MMP1, MMP3, and MMP13), while 
upregulating anti-inflammatory cytokines (IL-4 and IL-10) 
in both synovial fibroblasts and chondrocytes. The COX-2/

PGE2 pathway regulates CGRP expression in the synovial 
fibroblasts and increasing synovial CGRP levels may con-
tribute to OA pain [96]. Also, the accumulation of MMPs 
in osteoarthritic cartilage may have a role in OA progres-
sion and the biphasic progression of OA-related pain [97]. 
Lactobacillus rhamnosus is known to produce butyrate, a 
short-chain fatty acid (SCFA), through alteration of the gut 
microbiota. Oral administration of Lactobacillus rhamno-
sus ameliorated the progression of OA by inhibiting joint 
pain and inflammation in a rat model of OA [14]. Lac-
tobacillus rhamnosus (LR-2)–administered group showed 
higher levels of expression of peroxisome proliferator-acti-
vated receptor gamma (PPAR-γ) and γ-aminobutyric acid 
(GABA), which are known to control pain, while lower lev-
els of MCP-1 and its receptor, CCR2, which is expected to 
intensify nervous pain. PPAR-γ ligands have been shown to 
inhibit major inflammatory signaling pathways in arthritis 
patients and suppress the COX-2/PGE2 pathway, MMP-1, 
and IL-6 expression in human synovial fibroblasts [98, 99]. 
Cingulate GABA levels are inversely correlated with the 
intensity of ongoing chronic knee OA pain [100]. Lacto-
bacillus acidophilus is widely recognized to have probiotic 
effects and is frequently added to yogurt and fermented 
milk products. Lee et al. found that inactivated Lactobacil-
lus acidophilus (LA-1) can alleviate OA-associated pain 
and delay the progression of the disease by inhibiting pro-
inflammatory cytokine production and reducing cartilage 
damage [12]. The study also reported that the TRPV1 and 
CGRP levels in DRG were increased in OA rats but were 
decreased by Lactobacillus acidophilus treatment. Expres-
sion of both TRPV1 and CGRP increases during OA, lead-
ing to the manifestation of pain [101]. CGRP was expressed 
in nerve fibers supplying the rat knee at both the level of 
the DRG and locally in the knee [102]. Cho et al. reported 
that live LA-1 administration, once daily for 3 weeks, into 
rats with MIA-induced OA, significantly decreased joint 
pain by lowering CGRP and TRPV1 expression in DRG 
and pro-inflammatory factors in the synovial membrane 
[13]. Interestingly, LA-1 also ameliorated OA-associated 
intestinal tissue inflammation and altered the gut micro-
biome. An increase in the level of Faecalibacterium, a 
short-chain fatty acid (SCFA) butyrate-producing bac-
teria, was reported. Short-chain fatty acids (SCFAs) are 
the main metabolites produced by the gut microbiota that 
mediates anti-inflammatory activity by inhibiting histone 
deacetylation (HDAC) enzyme activity [103, 104]. HDAC 
enzyme is a crucial regulator of NF-κB activity and pro-
inflammatory innate immune response [104]. O-Sullivan 
et al. studied the effect of live Lactobacillus acidophilus 
(twice weekly; p.o.) in mice with partial medial menis-
cectomy–induced OA [20]. Lactobacillus acidophilus was 
started 1 week post-surgery to mimic inflammatory pain/
early stage of OA. LA treatments showed a significant 
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reduction of pain, TRPV1 expression (in DRG), and pro-
inflammatory markers such as TNF-α and NF-κB (in the 
knee). The study indicated that Lactobacillus acidophilus 
reduced inflammatory knee joint pain and prevented further 
OA progression when treatment is started at the time of the 
inflammatory joint pain stage. Furthermore, Lactobacil-
lus acidophilus administration significantly enriched the 
genus Akkermansia and bacteria from the Lachnospiraceae 
family. Lachnospiraceae species hydrolyze starch and other 
sugars to produce butyrate and other SCFAs [105]. Lacto-
bacillus plantarum is a probiotic strain of lactic acid bacte-
ria naturally appearing in the human gut, which can modu-
late the immune system. Its immunomodulating properties 
are observed in decreasing the level of anti-inflammatory 
cytokines. Lin et al. evaluated the therapeutic effects of a 
live Lactobacillus plantarum strain in the anterior cruciate 
ligament transection (ACLT)–induced OA rat model [18]. 
Lactobacillus plantarum showed a significant reduction in 
pain-related behavior after 6 weeks of treatment. ACLT-
induced synovial inflammation (reduced TNF-α and IL-1β 
expression) and cartilage damage were minimal in the Lac-
tobacillus plantarum group.

Clostridium butyricum is a probiotic butyric acid–pro-
ducing bacterium. Tyndallized Clostridium butyricum sig-
nificantly relieved OA pain, downregulated inflammatory 
and bone metabolism markers (i.e., COX-2, IL-6, LTB4, 
and cartilage oligomeric matrix protein), and increased the 
concentration of IFN-γ [16]. It also acts on matrix metallo-
proteinases and tissue inhibitors of metalloproteinases (i.e., 
MMP-2, MMP-3, MMP-9, MMP-13, TIMP-1, and TIMP-2) 
by inhibiting their mRNA expression. Similarly, Clostrid-
ium butyricum (GKB7) also improved pain-related behavior 
from week 2, postoperatively, in anterior cruciate ligament 
transection (ACLT)–induced OA rats [17]. Moreover, less 
osseous and cartilaginous damage was observed in week 6. 
The inflammatory markers IL-1β and TNF-α in cartilage 
and synovium sections were also reduced significantly. The 
anti-inflammatory effect of Clostridium butyricum mediated 
via its butyric acid–producing action might be the reason 
behind its beneficial effects in both animal models of OA. 
Observing SCFA levels in both models post-probiotic treat-
ment would have been interesting.

Streptococcus thermophilus (TCI633) is a newly founded 
bacterium from human breast milk, and it can produce hya-
luronic acid (HA) in the gastrointestinal tract [19]. TCI633 
significantly suppressed pain behavior, reduced joint swell-
ing and synovial tissue inflammation, and increased type II 
collagen expression in the cartilage of an OA rat model. The 
TCI633 (5 ×  1010 or 5 ×  1011 CFU/kg/day) and glucosamine 
treatment groups showed similar pain relief effects. Previ-
ous studies have shown that hyaluronic acid injections can 
effectively reduce arthritis pain and has therapeutic effects 
on OA [106, 107].

Clinical Studies

A small number of human clinical trials have also assessed 
the therapeutic efficacy of administering probiotics in 
patients with OA. Lactobacillus casei strain Shirota is a 
well-known probiotic strain that provides health benefits 
by balancing the gut microbiota and modulating inflamma-
tory and immune responses [108]. A randomized, double-
blind clinical trial proposed that the commercial probiotic 
Lactobacillus casei Shirota exhibited beneficial effects on 
the treatment outcomes of knee joints afflicted with OA. 
In this study of 537 patients with knee OA, daily sup-
plementation with probiotic Lactobacillus casei Shirota 
over 6 months significantly improved functional scale 
western Ontario and McMaster universities arthritis index 
(WOMAC) and pain visual analog scale (VAS) and low-
ered systemic inflammation (hs-CRP level) compared to 
placebo [9]. Strong linear correlations were also observed 
between serum hs-CRP levels, WOMAC, and VAS scores. 
Elevation of CRP level in OA patients is significantly 
associated with pain and loss of physical functions [109]. 
Lactobacillus casei Shirota consumption improved pain 
associated with knee OA, possibly by reducing serum lev-
els of hs-CRP.

In another recent investigation, Lyu et al. conducted a 
12-week clinical trial in 80 subjects to validate the effi-
cacy of Streptococcus thermophilus (TCI633) in improv-
ing the progression of Knee OA [10••]. TCI633 could 
improve serum collagen type II C-telopeptide (sCTX-II) 
and serum CRP by 41.58% and 39.58%, respectively, 
after 12 weeks of treatment. However, the values of pain, 
stiffness, and function at 0, 4, 8, and 12 weeks in the 
TCI633 group displayed similar levels with no statistical 
difference between them. Furthermore, the study reported 
that the no change in WOMAC scores indicated TCI633-
mediated retardation of the OA progression and develop-
ment at the end of the trial. The authors also highlighted 
that the indistinct progress of sCTX-II and sCRP might be 
caused by the uneventful distribution of K/L populations 
between the TCI633 and placebo groups, a short study 
period, and few recruited subjects.

Taye et al. performed an N-of-1 trial, divided into three 
blocks of 10 weeks, to study the efficacy of two daily cap-
sules of Lactobacillus rhamnosus, Saccharomyces cerevi-
siae, and Bifidobacterium animalis ssp. lactis combination 
in a 67-year-old female with OA in her lower back and right 
ankle [11••]. The probiotic intervention was associated with 
lower pain scores and was the preferred intervention chosen 
by the participant. The mean pain score on the VAS was 
4.9 ± 2.2 in the placebo condition compared to 4.0 ± 1.7 in 
the probiotic condition. The reduction in pain scores associ-
ated with the probiotic intervention was small but clinically 



320 Curr Rheumatol Rep (2023) 25:307–326

1 3

significant for this patient. This study provides a methodol-
ogy that individual practitioners can use in clinical practice 
to generate practice-based evidence.

Therefore, based on the published evidence, it can be 
speculated that probiotics can reduce OA-associated pain 
via the following mechanisms (Fig. 5).

• Reducing levels of MCP-1, CCR2, TRPV1, and CGRP 
expression in the dorsal root ganglion (DRG)

• Downregulating MMP expression, COX-2, MCP-1, 
CCR2, and pro-inflammatory cytokines expression in 
joint tissues

• Enhancing SCFA level or type II collagen and TIMP-1 
expression

However, more high-quality studies are needed to confirm 
the involvement of these pathways.

Patent Review and Summary of Ongoing 
Clinical Trials

Since 2010, 53 patent families disclosed arthritis or OA 
as an indication for probiotics worldwide (Supplementary 
Table S1 and Fig. S1). Two innovators hold granted US 
patents on four probiotic strains, i.e., Streptococcus ther-
mophilus (TCI633; US10149868B2), Lactobacillus aci-
dophilus CL-92 strain (FERM BP-4981; US9504720B2), 
Lactobacillus amylovorus CP1563 strain (FERM BP-11255; 
US9504720B2), Lactobacillus gasseri CP2305 strain 
(FERM BP-11331; US9504720B2) for joint pain.

Few registered clinical trials were found that either 
evaluate the effect of probiotics on OA pain or have 
yet to post their results. A group of Italian scientists is 

studying the beneficial effect of probiotic Lactobacillus 
casei in 50 and 40 OA patients for 3 weeks and 3 months, 
respectively (NCT03968770; NCT03985709). The study 
focuses on reducing pain intensity along with the changes 
in the concentrations of pro and anti-inflammatory mol-
ecules, including IL-6, TNF-α, soluble IL-6 receptor, sol-
uble type II IL-1 receptor, and CRP. In addition, changes 
in microbiota composition will be identified through 
fecal samples using total genomic DNA extraction. The 
status of the trials has not been provided on clinicaltrial.
gov, but they are expected to be completed. Another trial 
studying the effect of Lactobacillus rhamnosus (LGG®; 
10 ×  109 CFU), Saccharomyces cerevisiae (boulardii; 
7.5 ×  109 CFU), and Bifidobacterium animalis ssp. lac-
tis (BB-12®; 5 ×  109 CFU) combination in OA patients 
was found to be registered in Australian New Zealand 
clinical trials registry (ACTRN12621000039886). The 
primary outcome of the study is to measure the differ-
ence in mean pain scores between the placebo and pro-
biotic groups using a numerical rating scale (NRS). As a 
part of the secondary outcomes, the study will also focus 
on the difference in the mean score of the functional 
scale, negative emotional symptoms, personal wellbeing, 
inflammatory markers (CRP and fibrinogen), and gastro-
intestinal markers, including zonulin. The trial is com-
pleted, and results are expected to be published soon. A 
trial registered in the Iranian registry of clinical trials is 
studying the effect of probiotic Saccharomyces boulardi 
on anthropometric indices, functional status, pain and 
quality of life, and serum indices of inflammation and 
oxidative stress in overweight and obese patients with 
knee OA (IRCT20161022030424N4). The trial is under-
going and has not provided information on the expected 
end date.

Fig. 5  Effect of probiotics in modulating OA-associated pain via multiple signaling pathways connecting the gut, the joint, and the brain
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Limitations and Future Perspectives

Despite encouraging results, this review highlights the 
need for more high-quality clinical studies addressing the 
potential role of probiotics in OA-related pain. Preclini-
cal animal models only partially mimic the complexity of 
the human microbiome. Only three clinical studies dis-
cussed the role of probiotics in OA. Moreover, most of 
these studies are short-term (< 6 months). Also, there is no 
data regarding changes in the microbiome or inflammatory 
markers for the post-probiotic washout phase. Given the 
potentially beneficial effect after probiotic supplementa-
tion, larger future studies are needed that could further 
explore gut microbiome diversity by next-generation 
sequencing. The role of confounding factors also needs 
to be better explored, in particular genetic background, 
sex, age, and socio-economic context, including levels of 
physical activity, diet composition, and use of concomitant 
prescribed medications.

It is important to note that the mechanisms explored are 
speculative, as a lack of studies conclusively links pain 
responses to microbiota and their metabolite-mediated 
alterations during OA. Therefore, advanced metagenomic 
and metabolomic-based approaches are imperative to gain 
mechanistic insight into how gut microbiota and other cel-
lular components interact to produce pain and to under-
stand the therapeutic potential of manipulating the micro-
biome for pain relief and disease. Our finding concurs with 
a recent review discussing the need for metatranscriptomic 
analysis and metabolomic approaches to deeply understand 
the complexity of the interaction between host and gut 
microbiome genomes that will help to determine the fac-
tors that lead to disease pathogenesis [110•].

Moreover, patients with OA suffer from chronic pain. 
Thus, it is important to consider bacterial genomic plastic-
ity that determines the influence of different host condi-
tions, such as antibiotic consumption, nutritional influ-
ence, and heavy metals from food or drinking water, on 
probiotic efficacy. This further directed to change in bac-
terial composition and, thus, the inflammatory response.

One of the main obstacles in chronic pain treatment is 
the complex mix of pathophysiological and biochemical 
factors, plus the social, psychological, and economic chal-
lenges that patients suffer with their diagnosis. Therefore, 
assessing the quality of life is a crucial first step in evaluat-
ing wellbeing, disease progression, and intervention effi-
cacy. In the case of OA pain, probiotic treatment should 
focus on more than just reducing pain intensity. It is also 
essential to consider the effects on the patient’s functional 
capacity and quality of life [111]. OARSI, the American 
College of Rheumatology (ACR), the European League 
of Associations of Rheumatology (EULAR), and the 

Initiative on Methods, Measurement, and Pain Assessment 
in Clinical Trials (IMMPACT) have each issued recom-
mendations or reports indicating how researchers should 
conduct OA-related studies. While these reports typically 
used outcome measures that examine pain, functional abil-
ity, and global patient assessments, these publications also 
noted the need for better, validated outcome measures to 
examine the quality of life [112–115].

Currently, sequencing technologies, usually based on 
samples collected from feces, mucosal biopsy, intesti-
nal fluid, etc., have enabled researchers to explore and 
understand the gut microbiome from a broader and deeper 
perspective. However, the technique has its limitations, 
such as fecal samples being just a proxy for intestinal 
microbiota, while biopsies are invasive for patients and 
unsuitable for healthy controls. Given the availability of 
large‐scale biobanks such as the UK Biobank and world-
wide collaborative efforts, genome-wide association stud-
ies (GWAS) power has increased in recent years. Yu et al. 
utilized large-scale GWAS summary statistics for OA gen-
erated by meta-analysis of the UK Biobank and arcOGEN 
to evaluate the causal association between gut microbiota 
and OA risk [116]. They found a protective role of multi-
ple gut microbiota in the development of OA. Such stud-
ies give researchers a direction that can be explored to 
improve understanding of a complex microbiome and OA. 
However, many challenges remain in establishing causal 
relationships using current genetic data and approaches. 
Firstly, the multivariable Mendelian randomization anal-
ysis ruled out the pleiotropic effects of BMI that exist 
between causal gut microbiota and the development of 
OA. The statistically insignificant results for suggestive 
gut microbiota could be attributed to limited statistical 
power or potential BMI-related pleiotropic effects. Sec-
ondly, there is a lack of reliable single-nucleotide poly-
morphisms (SNPs) associated with the gut microbiome. 
Thirdly, the biological function through which the SNPs 
influence the gut microbiome is unsure and complex, 
especially considering the possible bilateral nature of the 
association within the GWAS exposure (i.e., the human 
microbiome influencing health status and health status 
influencing the human microbiome). Finally, due to the 
lack of individual data, it is not possible to conduct further 
population stratification studies (e.g., gender) and explore 
possible differences in different populations.

Conclusions

The connection between gut microbiota imbalance and 
its role in the initiation and progression of OA and asso-
ciated pain has been increasingly recognized. Experi-
mental data from preclinical studies and emerging trends 
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from clinical studies strongly suggest that probiotics 
may benefit patients with OA pain through positive gut 
microbiota modulation and attenuating low-grade inflam-
mation via multiple pathways. Patent data also suggests 
increased interest in the development of novel nutritional 
innovations that involve probiotic use for reducing OA 
and joint pain. The strain selection is the most important 
factor for determining positive impact, specifically on 
improving the OA symptoms. Further advancement of 
knowledge in this area will undoubtedly pave the way 
for the development of probiotic strains that can be used 
to improve treatment outcomes in OA and reduce the 
huge impact of this serious disease on healthcare systems 
worldwide. The influx of this novel concept along with 
cutting-edge research added a new perspective on the 
management of OA which further adds a novel direction 
in the development of multidisciplinary and multimodal 
management strategies for treating OA pain.
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