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Abstract

Purpose of review Central sensitization (CS) is present in a variety of chronic pain
conditions including rheumatoid arthritis (RA). An overview of the treatment options
for desensitizing the central nervous system in RA patients, with CS as their dominant pain
mechanism, is provided.
Recent findings The treatment of pain in RA patients has mostly focused on treating
inflammation to indirectly treat pain. Unfortunately, little research has focused on
treating CS, which appears to be present in some patients with RA.
Summary “Treating the brain without ignoring the joints” should be the leading principle
in the management of CS in RA patients. Pain neuroscience education, graded activity,
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and a time-contingent exercise approach are important interventions to implement in
clinical practice. Further research is necessary to evaluate the effectiveness of these
promising treatments for diminishing hyperexcitability of the central nervous system in
RA patients with CS as their dominant pain mechanism.

Introduction

Rheumatoid arthritis (RA) is one of the most prevalent
chronic inflammatory diseases affecting multiple joints,
usually in a symmetrical pattern. It is characterized by
joint inflammation but also by extra-articular pulmo-
nary, cardiac or vascular, ocular, and neurological symp-
toms [1]. Chronic joint pain is a debilitating manifesta-
tion of RA and has shown to be the main predictor of
patients’ health-related quality of life [2]. Although pain
in RA has traditionally been considered to be inflamma-
tory in nature and pain is frequently used as a proxy for
inflammation, the association between measures of in-
flammation and pain intensity is low [3–5]. Therefore,
despite the success of disease-modifying antirheumatic
drugs (DMARDs), many RA patients still experience
pain. Koop et al. [6] for example demonstrated that,
despite a relatively low RA disease activity (75% were
in DAS28 remission and 14% had low disease activity),
44% of RA patients reported clinically significant pain
(pain score ≥ 4/10). The assumption that treatment with
DMARDs will result in adequate pain management can
lead to ineffective and inappropriate treatment strategies
and patients may be prescribed stronger immunosup-
pressive medications when alternative pain manage-
ment strategies may be warranted [7]. To fill the gap of
unexplained pain that is independent of disease activity
measures, recent research has focused on additional
pain mechanisms together with the contribution of psy-
chosocial factors.

Several studies have shown abnormalities in periph-
eral and central nervous system (CNS) pain processing
in patients with RA.

Meeus and colleagues [8] concluded in their system-
atic review that central sensitization (CS) can be present
in people with RA. They assume that the main problem
is the inflammation-evoked peripheral sensitization,
leading to windup of the dorsal horn. Peripheral sensi-
tization implies increased spontaneous activity, de-
creased activation threshold of nociceptive fibers, in-
creased responsiveness to suprathreshold stimuli, and
increased local release of neuropeptides on stimulation

and recruitment of silent nociceptive fibers [9]. Due to
this overload of nociceptive information, spinal neurons
become sensitized, eventually leading to windup and
long-term potentiation in the dorsal horn neurons and
the brain [10–13]. CS represents an enhancement in the
function of neurons and circuits in nociceptive pathways
caused by increases in membrane excitability and syn-
aptic efficacy as well as reduced inhibition and is a
manifestation of the remarkable plasticity of the so-
matosensory nervous system in response to activity,
inflammation, and neural injury [14]. As a consequence,
a state of induced hypersensitivity of the pain system
may persist in subsets of patients and lead to chronic
pain states in which pain is no longer coupled to the
presence of ongoing peripheral inflammation [15].
Changes in both the peripheral and central nervous
system through processes of neural plasticity may thus
play an important role in RA [5, 7, 15]. Among RA
patients, pain thresholds, an index for pain sensitivity,
seem to be lower at both joint and non-joint sites, in a
widespread distribution, which is indicative of abnor-
malities in CNS pain processing [16–18]. The role of
deficits in descending pain inhibition, measured by
using the conditioned pain modulation paradigm, re-
mains controversial. Lee et al. [18] observed that RA
patients had impaired conditioned pain modulation
compared with controls, while two smaller studies [13,
16] reported no statistically significant differences be-
tween RA patients and controls. Similar to this, the role
of bottom-up hyperexcitability, measured by temporal
summation, remains unclear as well. A study with 38
women with RA and 38 healthy controls demonstrated
higher levels of temporal summation in RA patients
[19], while Meeus et al. did not find significant differ-
ences between healthy controls and RA patients [20].

Maladaptive psychosocial factors have been repeat-
edly indicated to cause enhanced pain facilitation.
Catastrophizing, the tendency to ruminate about and
magnify pain, and depression, a more general mood
disorder, are both risk factors for several adverse long-
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term pain-related outcomes in RA such as physical dis-
ability, increased severity of pain, and enhanced pain
sensitivity [21]. In addition, Bagnato et al. [22] found
that the more RA patients suffered from depression, the
lower their pain thresholds were. Similar to depression,
anxiety has also been associated with higher pain reports
in cross-sectional analyses in RA patients [23].

Despite the need for future research to provide firm
evidence in support of abnormalities in CNS pain pro-
cessing, it is becoming clear that both peripheral and
central mechanisms play key roles in the expression and
consequences of pain in RA. In a subgroup of RA pa-
tients, CS could be the dominant pain mechanism,

probably elicited by, but not directly related to ongoing
inflammation [24]. Therefore, indices for CS are re-
vealed in several studies explaining why a substantial
proportion of RA patients in stable clinical remission
continue to report moderate to severe pain levels [4, 25].
The scope of the present paper will be the management
of non-nociceptive pain mechanisms targeting central
pain mechanisms, but in order to identify the most
appropriate management plan for treating pain in RA
patients, identification of the underlying predominant
pain mechanism is of utmost importance. However, the
classification between “dominant nociceptive pain” and
“dominant CS pain” is clinically very challenging.

Treatment
Identification of the predominant pain mechanism in patients with RA

Patients with an unclear pain mechanistic background show the poorest re-
sponse to medical treatment, because pain is not uniquely linked to disease
activity. For the treatment of patients with CS, it is important to differentiate
between rather “top-down” or “bottom-up” induced forms of CS. For the
bottom-up form, or mainly peripherally driven form (i.e., driven by ongoing
nociceptive input), the primary focus of interventions is to reduce peripheral
nociceptive drive, eventually complemented with some more brain-oriented
approaches. For the top-down form (i.e., brain-orchestrated) of CS, however,
mainly CNS-directed therapies are needed to reduce pain and disability [26].
Neither is the identification of the dominating pain mechanism a binary
approach (CS or no CS), nor does the more bottom-up or the more top-down
form of CS occur in a black-or-white pattern. CS should therefore be seen as a
continuum, rather than as a present/absent phenomenon. Consequently, pa-
tients will present mixtures of pain mechanisms along this continuum and
treatment approaches need to balance between both peripherally and centrally
targeted interventions. In patients with clear indications of abnormalities in
CNS pain processing, treatment strategies should involve management of
chronic pain, including treatment with classes of medication that target central
pain mechanisms, pain neuroscience education (PNE), cognitive behavioral
therapy (CBT), and graded activity (GA). These interventions aim to desensitize
the CNS in contrast to therapeutic modalities that are only directed to structural
joint pathology. Therapists should not only focus on medical treatment of the
underlying disease [24]. But inversely, in a RA population, symptoms can be
associated with but not uniformly characterized by CS. Therefore, a proper
treatment approach starts with an appropriate pain analysis.

Currently, clinically relevant descriptors or screening tools that might indi-
cate the presence of CS in patients with musculoskeletal pain, including RA, are
still lacking [15, 27]. Only a few studies have attempted to assess clinical indices
of CS in RA, since RA has long been considered solely as a nociceptive pain
condition. For patients with knee osteoarthritis (OA), Lluch et al. (2017)
described a set of clinical descriptors that might help in the recognition and
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identification of CS. Since both RA and OA are local joint-related pain disor-
ders, in which a subgroup can have CS as their dominant pain mechanism, the
set of clinical descriptors for the recognition of CS in knee OA patients will be
described below, including some recommended adjustments for the RA pop-
ulation. To facilitate a better overview, the descriptors are divided into two
categories: descriptors extracted from the subjective assessment (subjective
descriptors) and those from the physical examination (objective descriptors).

Subjective assessment
A patient-reported moderate to severe intensity of pain (VAS 9 5/10) can be a
first cue for clinicians to be attentive for the existence of CS. Although this has
not been specifically studied in RA patients so far, knee OA patients presenting
signs of CS are more likely to present moderate to severe levels of pain [28, 29].
Secondly, if patients experience pain disproportionate to structural damage or
pathology, it may raise suspicion about the presence of CS pain [30]. A third
descriptor is to record the patients’ pain distribution by asking them to draw
their pain areas on a body chart. In knee OA patients, widespread non-
anatomical distribution of pain seems to be a strong indicator of CS. RA
patients typically present symmetrical polyarticular joint pain and swelling,
mostly pronounced in the metacarpophalangeal (MCP) and proximal inter-
phalangeal joints and the wrist [31]. Other frequently affected joints include the
thumbs and metatarsophalangeal joints. Arthritis of medium/large joints can
present early on in the elbows, shoulders, ankles, and knees, and is associated
with more severe disease [32]. In addition, studies have indicated that RA leads
to widespread pain in 10–20% of patients [33]. The symmetrical presentation
of joint pain and the fact that RA is also characterized by symptoms that do not
involve the joints make it hard for clinicians to determine whether widespread
pain is due to disease characteristics or can be seen as a sign of altered central
pain processing (CPP). Further, clinicians can be attentive to the pain pattern. In
patients with RA, it is important to monitor the 24-h course of pain, to decide
upon the inflammatory and/or mechanistic characteristics of the pain. Night
pain and increased pain levels in the morning, for instance, are indicative for
inflammatory pain, and for mechanic pain, there is a clear relation to move-
ments and posture, while CS pain is less predictable and rather constant, vague,
and dull [34]. Disproportionate and long-lasting pain after physical activity/
exercise might be indicative for CS as well. Centrally mediated symptoms (i.e.,
sleep disturbance, memory changes, fatigue) are often, but not exclusively seen
in patients with CS. The central sensitization inventory (CSI) is a self-reported
screening tool to administer symptoms associated with CS. A cutoff score of 40
out of 100 has been proposed [35], but not yet validated in different pain
populations. Moreover, different researchers already advocated that the CSI is
more likely to measure general distress [36]. Nevertheless, it can be useful to
screen for non-musculoskeletal hypersensitivities (to bright light, stress, noise,
etc.). A last subjective descriptor to account for is patients’ responsiveness to
previous treatment. Inconsistent, unpredictable, or unsuccessful reaction to
nociception-targeted treatments might be attributable to the presence of CS.
Clinicians must be attentive for this information when taking the patient
history [37]. In RA patients, many studies have reported significant pain re-
duction associated with treatment with DMARDs [38]. However, many patients
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complain of residual pain despite treatment. This may be suggestive for the
contribution of non-inflammatory factors to the expression of pain in RA [39,
40].

As mentioned above, psychosocial factors are of utmost importance and are
known to explain some variation in pain reporting in RA. Lluch et al. (2017)
have not included maladaptive psychological factors as clinical indicators of CS
because they can be present in chronic pain patients without CS as well, making
them an inappropriate indicator for CS. However, given the close association
between maladaptive psychosocial factors (e.g., negative emotions, poor self-
efficacy, maladaptive beliefs, and pain behaviors) and enhanced pain facilita-
tion, assessing these factors might be helpful in order to establish an optimized
painmanagement approach. Recently published “EULAR recommendations for
the health professional’s approach to pain management in inflammatory ar-
thritis and osteoarthritis” also highlight the need to assess pain-related psy-
chosocial factors [41]. Clinicians should assess important beliefs and emotions
about pain such as the psychological response to pain and psychological
vulnerability, psychological distress, psychiatric comorbidity, and cognitions
such as catastrophizing (rumination, magnification, and helplessness), fear of
movement-related pain, and pain self-efficacy. Also, social factors such as
the way family members and other significant others react to patient’s
pain or pain-related disability, work, family and friends, economic prob-
lems, and housing might need attention [41]. Clinicians can use several
questionnaires such as the Pain Catastrophizing Scale [42], the Tampa
Scale for Kinesiophobia [43], and the pain self-efficacy questionnaire
[44]. If there are indications that psychosocial factors interfere with
effective pain management and functional status, referral to a psycholo-
gist should be considered (depending on the severity).

Physical examination
An inconsistent or confusing response to clinical tests during the physical
examinationmay indicate the presence of CS [45]. Widespread hyperalgesia is a
well-known feature of CS [45–47] and studies of experimental pain sensitivity
have shown the presence of widespread distribution of hyperalgesia in RA
patients compared with healthy controls [16, 17]. Thus, defining mechanical
widespread hyperalgesia is another possible descriptor for the presence of CS.
An algometer or manual palpation can be used for testing this widespread
hyperalgesia. Allodynia, another hallmark sign of CS, has also been reported in
RA patients [48] and can bemeasured using both static and dynamic stimuli by
gently touching or brushing the skin with a cotton wool or a brush. Besides
widespread mechanical hyperalgesia, heightened sensitivity to heat and cold
stimuli, also considered an indicator of CS, has also been reported in RA
patients [16, 17]. Thermal widespread hyperalgesia in RA patients has been
reported, and according to Maxwell and Sterling, who examined cold
hyperalgesia in people with chronic whiplash-associated disorder, clinicians
could be suspicious of the presence of cold hyperalgesia if pain 9 5/10 on a NRS
after a 10 s of ice application [49]. Another clinical indicator of CS that has been
shown to be present in RA patients is hypoesthesia. This can be tested by using a
cotton wool over the involved joint(s) [16, 48]. Despite the fact that the
presence of temporal summation in RA patients remains unclear, it is a
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hallmark measure of CS so it may be useful for clinicians to identify using, for
example, von Frey filaments or a small spring clamp [50].

The abovementioned subjective and objective descriptors should be consid-
ered as potential candidates that might be tested as future criteria for recogniz-
ing CS in RA patients as their psychometric properties (i.e., inter- and intra-
examiner reliability, sensitivity, specificity) still have to be defined.

Once having analyzed the predominant pain mechanism, therapy can be
tailored to the pain mechanism.

Pharmacologic treatment
Since pharmacological treatment of RA has evolved tremendously during the
last decades, and guidelines are available covering the use of traditional disease-
modifying antirheumatic drugs (DMARDs), biologic agents, tofacitinib, and
glucocorticoid RA, there is sufficient information on the evidence-based, phar-
macologic treatment of (nociceptive) pain in RA. Therefore, we will not focus
on these topics, but rather the scope of the present article will be the manage-
ment of non-nociceptive pain mechanisms targeting central pain mechanisms.

Peripheral nociceptive input in patients with CS pain can be decreased using
pharmacological agents like non-steroidal anti-inflammatory drugs and coxibs.
However, this medication will most often not result in amelioration of CS pain
itself. Each of the following pharmacotherapies targets central pain processing
mechanisms in animals and theoretically desensitizes the CNS in humans:
acetaminophen, serotonin reuptake inhibitor drugs, selective and balanced
serotonin and norepinephrine reuptake inhibitor drugs, the serotonin precursor
tryptophan, opioids, combined μ-opioid receptor agonist and noradrenaline
reuptake inhibitor drugs, NMDA-receptor antagonists, and calcium channel
a2d ligands. For a more thorough elucidation of pharmacotherapy potentially
targeting CS pain, we refer to Nijs et al. [51].

Although in a subgroup of RA patients, pain is often related to non-
inflammatory factors, little research exists describing the best methods for
managing this non-inflammatory pain in the RA population. Lee and col-
leagues [52] evaluated the efficacy of milnacipran, a serotonin norepinephrine
reuptake inhibitor (SNRI), for treating widespread pain in RA. Milnacipran, the
most recent FDA-approved drug for fibromyalgia, improved pain severity in
randomized clinical trials of fibromyalgia [53–55]. Although milnacipran did
not diminish pain in the overall RA study cohort compared with placebo, in a
subgroup with well-controlled inflammatory disease (baseline swollen joint
count G 1), there was a significant reduction in pain measured using the Brief
Pain Inventory. After 6 weeks, the difference between the decreases in pain
intensity during milnacipran vs. placebo treatment was − 1.14 points (95% CI
− 2.26, − 0.01). These findings suggest that milnacipran may be efficacious for
RA patients with extremely well-controlled inflammation. It is important to
realize that these pharmacological agents can have many side effects (e.g.,
fatigue, insomnia, tachycardia, gastrointestinal disturbances, headache). The
possibility to treat the cause of pain must always be considered before entering
the path of pharmacological symptomatic pain relief. In addition, high doses of
opioid therapy can result in opioid-induced hyperalgesia [56]. Welsh et al. [57]
for example found that the potential benefits of duloxetine and milnacipran in
fibromyalgia were outweighed by their potential harms. Other treatment
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options, such as PNE, cognitive behavioral therapy, and multidisciplinary team
rehabilitation, should be recommended as an alternative [58].

Education and exercise

Treatment of RA pain in case of dominant CS: “targeting the brain without ignoring the joints”
As stated above, it becomes clear that in a subgroup of RA patients, CNS
“desensitizing” strategies are necessary in order to decrease the amount of non-
inflammatory pain. Considering the role of peripheral sensitization caused by
an overload of nociceptive information in the development of altered central
pain processing, locally applied interventions to reduce peripheral nociceptive
input are important as well. Therefore, in line with the practical guidelines for
patients suffering kneeOAwith CS as their dominant painmechanism [59], the
authors of this paper recommend a combination of different strategies targeting
the brain as well as the affected joints.

A first important step in effectively treating RA patients with CS as a dom-
inant pain mechanism is educating patients and reconceptualizing pain by
using a strategy known as pain neuroscience education (PNE). Research has
repeatedly shown that PNE is therapeutic on its own, with a level A evidence,
supporting its use for changing pain beliefs and improving health status in
patients with CS pain [60, 61]. It should be clear to patients that, in the case of
CS, the brain is able to produce pain and other warning signs, even when there
is limited or no tissue damage or nociception. By altering maladaptive pain
beliefs and cognitions, PNEmight be able to “treat” core features of CS, namely,
descending nociceptive facilitation, endogenous analgesia, and the overactive
pain neuromatrix [60]. The content of the education sessions can be based on
the book Explain Pain (Butler andMoseley [62]), covering the physiology of the
nervous system in general and of the pain system in particular. Table 1 shortly
summarizes important steps of PNE [62, 63] (Table 1).

Further, based on level I evidence, cognitive behavioral therapy (CBT) is an
effective intervention for managing pain in RA [41]. CBT focusses on changing
unhelpful patterns of behavior and beliefs or attitudes toward RA. The educa-
tion component focuses on helping patients change their negative perceptions
regarding their abilities. It helps patients to develop a more optimistic but
realistic attitude toward the illness and to manage other stresses in their lives.
Strategies such as activity pacing, goal setting, problem solving, and relaxation
strategies can be used to change behavior. In the case of RA, behavior change is
usually helping patients to achieve a balance between rest and exercise. In their
recent paper, Williams and Walsh [64] point out the importance of the balance
between facilitating suppression of inflammatory disease activity and

Table 1. Short overview of the important steps of PNE

PNE steps
• Reconceptualizing pain by detailed pain education by using educational booklets, powerpoint, etc.
• Ascertaining reconceptualization of pain by giving the patient homework such as reading the educational booklet carefully at
home
• Application PNE during treatment (graded activity, time-contingent exercise therapy)
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discouraging deconditioning and concomitant augmentation of central pain
processing. RA patients often show reduced physical activity levels due to
movement-induced pain, fear that activity will aggravate their pain, or might
induce a flare of inflammation. However, in healthy people and some RA
patients as well [65], exercise activates powerful top-down pain inhibitory
pathways after a submaximal cycling protocol, typically referred to as exercise-
induced endogenous analgesia (EIA) [65].

Therapeutic PNE prepares patients to a time-contingent, cognition-targeted
approach to daily activity and exercise therapy [51, 59]. When CS is present, a
time-contingent graded activity or exercise approach is preferred over a
symptom-contingent approach. Hence, clinicians should encourage patients to
perform an activity/exercise (depending on status and goals of patient) for a
specific time period regardless of the perceived pain, instead of using pain as
guidance for exercise therapy. The advantage of a time-contingent approach is
the possible deactivation of the brain-orchestrated top-down pain facilitatory
pathways, whereas the symptom-contingent approach may facilitate the brain
in its production of nonspecific warning signs [51].

Clinicians should bear in mind that although positive effects of long-term
activity or exercise programs are found, a short-term exercise intervention may
lead to pain exacerbations, increased pain sensitivity, bad recovery, etc. Thus, in the
first phase of exercise programs, exercise-induced hyperalgesiamay lead patients to
attribute pain to exercise which can lead to avoidance of similar exercise in the
future, comprising therapy compliance. Reduced or abnormal exercise may con-
sequently lead to fear ofmovement and avoidance of certain activities and thismay
thus lead to further disuse, deconditioning, and further lowering of exercise toler-
ance [66]. This vicious circle can be an important therapy barrier so clinicians
should take time exploring the patients’ perceptions regarding anticipated out-
comes of exercise bouts and the meaning of pain exacerbations. Therefore, the use
of PNE prior to exercise therapy can be extremely helpful in addressing maladap-
tive pain beliefs in order to establish a natural reconceptualization of pain [67].

Specifically for RA patients, several systematic reviews have indicated the
effectiveness of physical therapy for pain relief [68–71]. Increased physical
activity and/or exercise may also have a protective effect on the cardiovascular
system, improves disease-related outcomes including reductions in inflamma-
tion, and may be able to improve psychological health in those with RA.
Moreover, aerobic and strengthening exercises do not exacerbate RA disease
symptoms. A Cochrane review also recommends, with a level A evidence,
aerobic capacity training in combination with muscle strength training as
routine practice in patients with RA [72]. Thus, it can be stated that RA patients,
whether or not they are showing features of altered CPP, benefit from exercise.

In conclusion, it is of great importance to recognize and identify the under-
lying dominant pain mechanisms in RA patients suffering chronic pain because
non-inflammatory pain may have a serious negative impact on functionality
and quality of life. Determining the predominant painmechanism is important
so that clinicians are able to provide a tailored treatment plan for RA patients
suffering chronic pain. The treatment strategy should be matched to the pre-
dominant pain mechanism. Further, the authors of this review recommend a
multidisciplinary approach including PNE, CBT, and a time-contingent activity/
exercise approach for treating CS in RA patients, on top of the typical disease-
modifying and eventual analgesic medication. However, it is important to note
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that there remains a need for randomized controlled trials to determine effec-
tive strategies for reducing CS in individuals with RA.
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