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A B S T R A C T   

Pain is a significant issue in rheumatoid arthritis (RA) and psoriatic arthritis (PSA) and can have a 
negative impact on patients’ quality of life. Despite optimal control of inflammatory disease, 
residual chronic pain remains a major unmet medical need in RA. Pain in RA can be secondary to 
inflammation but can also generate neuroendocrine responses that initiate neurogenic inflam
mation and enhance cytokine release, leading to persistent hyperalgesia. In addition to well- 
known cytokines such as TNFα and IL-6, other cytokines and the JAK-STAT pathway play a 
role in pain modulation and inflammation. The development of chronic pain in RA involves 
processes beyond inflammation or structural damage. Residual pain is often observed in patients 
even after achieving remission or low disease activity, suggesting the involvement of non- 
inflammatory and central sensitization mechanisms. Moreover, fibromyalgia syndrome (FMS) is 
prevalent in RA patients and may contribute to persistent pain. Factors such as depression, sleep 
disturbance, and pro-inflammatory cytokines may contribute to the development of fibromyalgia 
in RA. It is essential to identify and diagnose concomitant FMS in RA patients to better manage 
their symptoms. Further research is needed to unravel the complexities of pain in RA. Finally, 
recent studies have shown that JAK inhibitors effectively reduce residual pain in RA patients, 
suggesting pain-reducing effects independent of their anti-inflammatory properties.   

1. Introduction 

In recent years, with notable advancements in the management of inflammatory arthritis, excellent outcomes have been achieved, 
highlighted by an increasingly growing number of patients attaining remission or minimal disease activity [1]. Despite these im
provements, a considerable proportion of patients considerate in remission, according to the mostly used disease activity indexes, 
continues to report a significant level of pain [2,3]. 
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Therefore, as suggested by numerous reports, it is conceivable that pain in RA is not solely attributed to immune-mediated in
flammatory mechanism and joint damage but involves derangement mechanisms of central pain [4–6]. Since the residual pain remain 
one of the major unmet needs in the management of RA [7], understanding the dominant mechanism underlying pain in these patients 
should be a priority, also because different subgroups of patients might respond differently to treatment approaches [8,9] Therefore, it 
could be important to determine whether the pain is driven predominantly by disease activity or by changes in the central pain 
regulatory mechanisms. These insights become particularly relevant in clinical practice, where the presence of certain clinical man
ifestations, typically considered equally by disease activity indices, may signify the involvement of different pathological pain 
mechanisms, risking the physicians making an inaccurate estimate of the disease activity [10]. It is well known that the number of 
swollen joints, rather than tender joints, is positively correlated with US-assessed joint inflammation [11–14] On the other hands, 
negative correlations have been observed between tender joint counts and pressure pain thresholds (PPTs) measured at remote lo
cations, suggesting alterations in central pain mechanisms [2,9,15]. To further complicate matters, we must not overlook the theory 
advanced by Taylor et al. suggesting that it is common to deal with subjects with RA who show a clear discrepancy between objective 
signs of inflammation and pain (and disability), and erroneously one might consider a condition in remission as undergoing high 
disease activity [16]. 

Pain in RA has the potential to trigger neuroendocrine responses, initiating neurogenic inflammation and amplify cytokine release, 
thereby contributing to persistent hyperalgesia [4]. Beyond to well-established cytokines such as tumor necrosis alpha (TNFα) and 
interleukine (IL)-6, other molecules (IL-12, IL-23, and interferons (IFNs) included) and the Janus kinase/signal transducers and ac
tivators of transcription (JAK/STAT) signaling pathway has been linked to pathophysiologic mechanisms of pain in RA [17,18]. In 
randomized clinical trials, JAK-inhibitors (JAKis) have been found to be very effective at reducing pain and other patient-reported 
outcomes [19,20]. The JAK/STAT pathway would appear to be important in the pathophysiology of central sensitization (CS)-re
lated neuroplasticity mechanisms. This pathway is also present at the level of the dorsal root ganglion and spinal cord, may play a role 
in the sensitization of nociceptors caused by joint inflammation [21]. 

The mechanisms underlying pain in rheumatoid arthritis are complex and not solely a consequence of inflammatory processes. The 
aim of this narrative review is to provide an overview of non-inflammatory pathogenic mechanism that rheumatologists should focus 
on to achieve the best possible quality of life in patients with inflammatory arthritis. 

1.1. How to differentiate the type of pain in inflammatory rheumatic diseases 

The enduring and heightened pain experienced by patients with inflammatory arthritis, such as rheumatoid arthritis (RA) and 
psoriatic arthritis (PsA), extending beyond inflammation, is attributed to acknowledged mechanism of CS. This phenomenon affects 
roughly 20–30% of patients and involves abnormal processing of pain signals along the spinal and supraspinal pathways, leading to 
increases nociceptive input [22–24]. Neuroplastic changes in sensory pathways, both peripherally and centrally contribute to 
heightened pain sensitivity. This results in a generalized hypersensitivity to pain that encompasses the localized source of the pain 
itself [22,23]. it is well reported the lack of association between local tenderness at enthesial signs and evidence of enthesitis at ul
trasound imaging (US) has also been documented in such populations [25,26]. 

The problem is that when CS is concomitantly present with inflammatory arthritis, such as PsA, disease activity measures, those 
influenced by patient-reported outcomes (PROs) in particular, are nearly twice as severe when compared with PsA subjects without CS: 
PsA patients with CS are less likely to achieve targets of treatments such as minimal disease activity [24]. 

Similarly in RA, a peripheral inflammatory joint disease with immunological processes triggering cytokine activation at the sy
novial level, resulting in joint inflammation, structural joint destruction, and pain, central pain is a significant feature [4]. Pain hy
persensitivity was observed in RA patients using a pain model based on the recording of cortical chemo-somatosensory event-related 
potentials following painful stimulation of the nasal mucosa [27]. RA patients with more than five years of symptoms had widespread 
allodynia to pressure, increased sensitivity to mild touch, and hyperalgesia to benign cold. These patients also demonstrated lower 
pressure pain thresholds at joint and non-joint locations than healthy controls, as well as pressure allodynia at the thigh [28]. 
Moreover, RA patients showed widespread hyperalgesia to mechanical and thermal stimulation across numerous body regions as 
compared to controls [25]. Patients with RA have been shown to have hyperalgesia, or increased sensitivity to painful stimuli, which is 
a distinguishing hallmark of FMS [28,26,29]. 

In this scenario, it is necessary to know and utilize clinical and clinometric tools useful for evaluating all types of pain, not just those 
strictly inflammatory. In 2012 the Central Sensitization Inventory (CSI) was developed for the diagnosis of CS [30]. The CSI is a 
screening tool for detecting signs of CS syndrome (CSS) and is composed of two parts. Part A has 25 questions concerning CS symptoms. 
Graded on a 5-point Likert scale from 0 to 4. Higher overall scores indicate more CS symptoms. The conventional threshold of CSI score 
>40 was adopted for the definition of CS. CSI questionnaire was analyzed either as a continuous variable or as positive/negative 
(threshold 40 points) or divided into five categories, that is, subclinical (0–29), mild (30–39), moderate (40–49), severe (50–59) and 
extreme (≥60) [31]. 

Another consequence frequently encountered in conditions involving aberrant pain mechanisms, and that is necessary to evaluate, 
is pan catastrophizing. It is the exaggerated tendency to repeatedly think about one’s pain and imagine the worst that could happen. In 
chronic musculoskeletal diseases, pain catastrophizing has a major impact on pain experience and pain-related outcomes, such as 
disability and hospital length of stays [25,32]. Whether pain catastrophizing is a psychological trait that is modifiable depending on 
the patient’s clinical situation or is a persistent feature there is no uniformity of view [33]. Recently, a study of patients who underwent 
spinal surgery for lumbar spinal stenosis found that pain catastrophizing largely decreased three years after surgery [34]. Similarly, a 
long-term study of patients with chronic anterior knee pain revealed that at six months after physical or surgical treatment, pain 
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catastrophizing was reduced [35]. These observations show that resolving the musculoskeletal problems responsible for pain can also 
have positive repercussions on certain psychological traits. Specifically, pain catastrophizing would appear to improve with relief of 
the cause of the pain itself. The Pain Catastrophizing Scale (PCS) was established by Sullivan et al. and includes items that are spe
cifically designed to examine different aspect of catastrophizing. The PCS is a 13-item tool that evaluates catastrophic thinking 
connected to pain assessing rumination, amplification, and helplessness. The PCS total score is obtaining by adding all 13 replies on 
5-points scales with 0 being “never” and 4 being “always”. A total PCS score of 30 reflects a clinically meaningful degree of cata
strophizing [36]. It has been integrated into the evaluation routine of pain clinical and rehabilitation centers throughout North 
America and Europe, as well as the chronic pain registry [37]. 

1.2. Speculative pain mechanisms in non-inflammatory diseases: the example of refractory RA 

As well explained in the review from Zhang and Lee, the pain experienced in RA results from the complex interaction between 
inflammation and damage of the joint and the processing of pain signals by various peripheral and central nervous pathway [38]. 

It is known indeed that the dysregulation of central nervous system (CNS) pain routes can led to pain symptom such as hyperalgesia 
and allodynia, common features of chronic pain [39]. These pathways involve descending modulatory mechanisms via structures such 
as the periaqueductal grey (PAG), the rostral ventromedial medulla (RVM), and central sensitization [40]. In the joints, chronic 
inflammation and structural damage can result in abnormal joint innervation and consequent localized pain, that it is what happen 
particularly in chronic RA cases [41]. 

Emerging theories propose neuro-inflammatory mechanisms underlying pain in RA. Autoimmune processes may directly 
contribute to pain, even in absence of detectable synovitis [42]. Experimental models suggest mechanisms such as anti-citrullinated 
protein antibody (ACPA)-mediated activation of osteoclasts, leading to bone pain mediated by IL-8, and immune complex-mediated 
activation of neuronal Fc receptors on the dorsal root ganglion [43]. Inflammatory mediators like CCL17 may also have central ef
fects on nociceptive pain. Experimental evidence suggests a pathway involving granulocyte– macrophage colony-stimulating factor 

Fig. 1. The intricate mechanisms contributing to pain in inflammatory arthritis (IA). It involves three distinct types of pain: inflammatory, 
neuropathic, and nociplastic. Inflammatory pain results from immune responses causing cytokine activation, joint inflammation, and structural 
damage. Notably, the Janus kinase/signal transducers and activators of transcription (JAK/STAT) signaling pathway, which is linked to pain 
mechanisms in arthritis, is involved in nociceptor sensitization due to joint inflammation. Neuropathic pain in IA is often observed in compressive 
neuropathic syndromes, such as carpal tunnel syndrome. Pro-inflammatory cytokines and other mediatiors may exacerbate this pain type by 
activating microglia and astrocytes that produce neurotoxic substances. Pain in arthritis also involves central pain mechanisms, with neuroplastic 
changes in sensory pathways leading to increased pain sensitivity. This sensitivity is influenced by the patient’s emotional and cognitive charac
teristics, sleep disturbances, and dysfunctions in descending inhibitory pain pathways, via structures such as the periaqueductal grey and the rostral 
ventromedial medulla. This results in a generalized hypersensitivity to pain, leading to symptoms like hyperalgesia and allodynia, common in 
chronic pain. Created with BioRender.com. 
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(GM-CSF) and CCL17 regulated by interferon regulatory factor 4 (IRF4), with potential implication for humans [44]. These mecha
nisms may contribute to pain across both inflammatory and non-inflammatory RA phenotypes, possibly even in early stages of the 
disease with minimal joint swelling. 

The complex interplay among inflammatory, neuropathic and nociplastic mechanisms in RA are depicted in Fig. 1. 

1.2.1. Neuropathic pain in RA 
Understanding how inflammatory mechanisms contribute to nociceptive pain in RA is somewhat intuitive, but the occurrence of 

neuropathic pain in a significant proportion of patients may seem less straightforward. The definition of neuropathic pain has been 
revised by the International Association for the Study of Pain (IASP), now requiring a demonstrable lesion in the somatosensory system 
for its diagnosis shifting away from the concept of somatosensory system dysfunction [45]. The term “nociplastic pain” is now used to 
describe situation previously categorized as somatosensory system disfunction [46]. 

A study from 2008 revealed that electro-physiological alterations, primarily subclinical, consistent with neuropathy, are docu
mented in 57% of RA patients. Histological examination of the sural nerve in these patients demonstrates features such as loss of 
myelinated fibers and the presence of perivascular lymphomononuclear infiltrate, findings commonly seen in patients with other extra- 
articular manifestations [47]. 

Compressive neuropathies, particularly Carpal Tunnel Syndrome (CTS), are the most neuropathic conditions observed in RA pa
tients. Ultrasonographic findings in RA-related CTS differs from those in idiopathic CTS, showing a reduced cross-sectional area of the 
median nerve and signs of inflammatory hyperemia within the nerve itself [48]. Ultrasound is a highly supportive technique in the 
identification of compressive neuropathies and can provide crucial insights into the underlying pain etiology when combined with 
joint examination [49]. 

Compressive at the axial level, such as inflammation of the atlanto-occipital joint, can also lead to neuropathic pain. This 
involvement, often indicative of aggressive and chronic disease, can be detected in up to 24% of patients with early RA [50]. 

In identifying neuropathic characteristics of pain symptoms in patients with RA, the PainDetect Questionnaire (PDQ) is the most 
widely used tool. Registry data from DANBIO indicate that 20% of patients exhibit PDQ scores suggestive of neuropathic pain. 
However, the primary predictor of the presence of neuropathic pain is the coexistence of FM [51], suggesting that high PDQ scores may 
reflect centralized pain symptoms rather than solely neuropathic pain. The PDQ has also been used in early RA, documenting the 
presence of probable neuropathic pain in up to 13% of patients, which can negatively impact remission achievement at one-year 
follow-up [52]. 

Various screening tests are available neuropathic pain assessment, with the PDQ being self-administered and the Douleur Neu
ropathique 4 (DN4) including an objective examination component. In patients with FM, the DN4 appears to have slightly higher 
concordance with clinical judgment regarding neuropathic pain presence compared to the PDQ [53]. 

The pathogenic mechanisms of neuropathic pain, particularly those occurring at the spinal and cerebral levels, are of significant 
interest. Pro-inflammatory cytokines like TNF alpha, IL-1 beta, IL-2, and IL-6 can activate microglia and astrocytes, leading to the 
production of neurotoxic substances [54]. Although these mechanism have been demonstrated in animal models, replicating them in 
human remains challenging. 

Adding to what stated above, Baranauskas and Nistri introduced many years ago the concept of central sensitization, that could 
well explain what happens when chronic painful diseases such as inflammatory arthritis leads to chronic pain. They elucidated how 
repeated stimulation of dorsal root afferents, particularly nociceptive C fibers, can induce to temporal summation or “action potential 
windup” within the spinal cord [55]. The enduring presence of pain among patients with inflammatory arthritis remains a widely 
acknowledge observation, persisting despite the advent of specific drugs. Research indicates that this lingering pain can be ascribed to 
sustained central sensitization and the emergence of aberrant pain processing mechanisms [4]. 

Central pain processing is a multifaceted phenomenon encompassing sensory, emotional, and cognitive dimension. It has been 
subjects of intense investigation in pain research [56]. Functional neuroimaging studies have delineated the involvement of various 
brain regions, including the somatosensory cortex, insula, cingulate cortex, and periaqueductal grey, in processing different aspect of 
pain perception [57]. 

Clock genes, crucial regulators of the circadian rhythm, have emerged as key players in modulating inflammatory processes in RA. 
Disruption in the circadian rhythm, often observed in RA patients, can dysregulate cortisol release, exacerbating inflammation and 
pain. This dysregulation, mediated by alterations in clock genes such as circadian locomotor output cycles kaput (CLOCK), brain and 
muscle ARNT like-1 (BMAL1), period (PER), and cryptochrome (CRY), underscores the intricate interplay between circadian rhythms, 
neuroendocrine function and inflammatory pathway in the pathogenesis of pain in inflammatory arthritis [58]. 

1.2.2. Inflammatory arthritis and concomitant fibromyalgia syndrome 
Another significant contributor to non-inflammatory pain is the presence of concurrent FM [59]. A systematic review has shown 

that FM is common in inflammatory arthritis, affecting approximately one in every five patients. Its presence is associated with 
elevated disease activity scores due to inflated tender joint count and patient-reported global assessment [6]. Consequently, in
dividuals with RA and concomitant FM often struggle to achieve treatment targets and frequently require switching to alternative 
disease-modifying medications [60]. FM should be considerate when difficult-to-treat RA patients are evaluated [59]. Indeed, the 
incidence and prevalence of FM are higher in RA than the general population, suggesting the possibility that FM might be a secondary 
consequence of RA rather than a separate comorbid condition [4]. 

The central sensitization descript above may lead to a heightened perception of pain, potentially contributing to the development of 
FM over time [61]. Notably, individuals with RA often exhibit reduced pressure pain thresholds (PPTs) and increased pain scores, 
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correlating with disease duration and mental health status [15]. While some studies suggest a direct association between diseases 
activity and FM and RA [60], others propose alternative pain pathway, implicating peripheral inflammation in activating descending 
analgesic mechanisms [5]. Further investigation into conditioned pain modulation dynamics, particularly before and after the onset of 
inflammation, may shed light on these intricate relationships. 

Mental well-being and sleep quality play pivotal roles in pain modulation and coping mechanisms, with depression, anxiety, and 
poor sleep quality commonly observed in both inflammatory arthritis and FM [62–64]. Sleep disturbances, characterized by abnormal 
sleep architecture and non-restorative sleep, have been implicated as risk factor for the development and progression of chronic pain 
conditions, including FM [65]. The bidirectional relationship between pain and sleep disturbance underscores the importance of 
addressing both components in the management of RA and FM, with potential implications for disease progression and quality of life. 

2. Conclusion 

In conclusion, managing pain in inflammatory arthritis like RA and PsA is complex and challenging. Despite advances in 
inflammation and joint damage control, a significant percentage of patients continue to experience persistent pain that extends beyond 
inflammation, involving complex mechanism of central sensitization and aberrant pain processing [4,5,52]. Identifying and assessing 
these pain mechanisms, including symptoms related to central sensitization and psychological traits associated with pain perception, 
are crucial for optimal pain management in inflammatory joint diseases [56]. The interaction between central sensitization, peripheral 
inflammation, and psychological factors underscores the need for a multidimensional approach to pain assessment and treatment, with 
particular attention to mental well-being, sleep quality, and coping mechanisms [4,53,54]. Fully understanding these complex pain 
dynamics can guide targeted therapeutic strategies and overall improve the quality of life for patients with inflammatory arthritis. 

3. Practical points  

1. Pain in RA is not solely attributed to immune-mediated inflammatory mechanism and joint damage but involves derangement 
mechanisms of central pain.  

2. Residual pain remain one of the major unmet needs in the management of RA  
3. It could be important to determine whether the pain is driven predominantly by disease activity or by changes in the central pain 

regulatory mechanisms  
4. Negative correlations have been observed between tender joint counts and pressure pain thresholds (PPTs) measured at remote 

locations, suggesting alterations in central pain mechanisms  
5. Pain in RA has the potential to trigger neuroendocrine responses, initiating neurogenic inflammation and amplify cytokine release, 

thereby contributing to persistent hyperalgesia  
6. In chronic musculoskeletal diseases, pain catastrophizing has a major impact on pain experience and pain-related outcomes, such as 

disability and hospital length of stays.  
7. In the joints, chronic inflammation and structural damage can result in abnormal joint innervation and consequent localized pain, 

that it is what happen particularly in chronic RA cases  
8. Another significant contributor to non-inflammatory pain is the presence of concurrent FM. FM is common in inflammatory 

arthritis, affecting approximately one in every five patients  
9. FM should be considerate when difficult-to-treat RA patients are evaluated 

4. Research agenda  

1. It is necessary to know and utilize clinical and clinimetric tools useful for evaluating all types of pain, not just those strictly 
inflammatory  

2. Experimental models suggest mechanisms such as anti-citrullinated protein antibody (ACPA)-mediated activation of osteoclasts, 
leading to bone pain mediated by IL-8, and immune complex-mediated activation of neuronal Fc receptors on the dorsal root 
ganglion  

3. Other mechanisms which may contribute to pain across both inflammatory and non-inflammatory RA phenotypes, possibly even in 
early stages of the disease with minimal joint swelling should be considered 
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