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Chapter 1

General Introduction
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Background
Osteoarthritis (OA) constitutes one of the most prevalent causes of pain, disability, and loss of
quality of life worldwide(1). The lifetime risk of developing symptomatic OA is approximately 40%
in men and 47% in women with risks increasing up to 60.5% in obese persons(1). Due to increasing
age and incidence of obesity, projections are that the prevalence of OA will further increase in the
upcoming decades(1). Over the last decade important new insights have emerged regarding the
pathophysiology of osteoarthritis (OA) and the etiology of pain, its main symptom(2–6). This has
led to re-evaluation of the management of OA, in particular regarding new treatment options,
the role of sensitization in OA, timing of invasive treatment, and tailoring of treatment to the
individual patient(2,3,5–7).

Mechanisms of pain in Osteoarthritis
Pain is the most prominent symptom of OA. An understanding of the mechanisms by which the
structural pathology causes pain in OA is paramount for its effective treatment. Unfortunately,
the aetiology of pain in OA is still not well understood(3). It has been demonstrated to be a
complex and multifactorial process involving both intra- and extra-articular factors which can
be considered in a biopsychosocial context(1). The discrepancy between severity of radiological
signs of structural pathology and the severity of pain illustrates that the traditional characteristics
of joint-space narrowing, subchondral sclerosis and cysts, and osteophytes give little explanation
for the pain. Some people show evident signs of OA on radiographs, but experience little pain,
while others experience considerable pain but only show minor signs of structural change on
radiographs(3,7–9).
Over time, the pain in OA typically changes from intermittent weight-bearing to more constant
pain (1,10). Earlier studies have investigated the innervation of the different structures within
and around the knee joint(11). Cartilage, being a-vascular and a-neural is not a likely source of
pain, particularly not in the early stages of OA. In contrast, the subchondral bone, periosteum,
ligaments, infrapatellar- fatpad, periarticular muscles, outer part of the meniscus, synovium
and joint capsule are all richly innervated and therefore a more likely source of pain(7,11,12).
MRI studies have found bone marrow lesions in the subchondral bone, synovitis and effusions
as sources of pain in OA that are associated with pain severity(13–16). Damage to- or changes
in the abovementioned joint structures can explain part of the pain in OA. Still, severity of OA
pain cannot be completely explained from a purely nociceptive approach in all patients(1,3,4).
Considering the biopsychosocial context, other factors, such as sensitization, seem to play an
important role in the severity of OA pain in some patients.
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Sensitization
Ample studies indicate that nociplastic mechanisms play an important role in the aetiology of
OA pain. It has been demonstrated that in advanced OA neurovascular invasion disrupts the
osteochondral junction(5,17). This leads to increased expression of nerve growth factor and growth
of sensory nerves in the osteochondral junction. Additionally, tissue injury and/or inflammation
decreases the excitation threshold and increases responsiveness of peripheral nociceptors, leading
to sensitization of the peripheral nervous system(1,7,15). There are even indications in pre-clinical
studies that the peripheral somatosensory nerves themselves are damaged by the OA process,
especially in more progressive OA(5). This leads to symptoms consistent with neuropathic pain:
painful mechanical stimuli cause exaggerated responses, in other words hyperalgesia, and nonpainful mechanical stimuli cause a pain response, in other words allodynia. Impairment of joint
proprioception, a negative neurological sign, is seen in patients with knee OA, further indicating
actual nerve damage(5).
Increased nociceptor activity as described above can lead to central sensitization, expanding the
pain experience even further(1,7,15). A number of changes to the central nervous system have
been described. Transmission neurons in the dorsal horn of the spinal cord become increasingly
responsive to peripheral input. This leads to reduction in the threshold for mechanically induced
pain and an expansion of the receptive field of these neurons, leading to spatial and temporal
summation and the feeling of radiating pain away from the OA joint causing spreading of the
pain. In the brain, the periaqueductal grey (PAG) shows increased levels of activity in hip OA
patients with signs of central sensitization. The PAG connects the limbic system to the spinal cord
and thereby modulates inhibitory descending control pathways(5,18). When central sensitization
has been established, it can maintain itself by a low level of painful mechanical stimuli and nonpainful mechanical peripheral input. This can eventually lead to secondary hyperalgesia, in which
enhanced sensitivity to mechanical stimuli develops away from the OA joint. Apart from clinical
observation studies of the abovementioned phenomena, several experimental neurophysiologic
studies have supportive findings for influence of central sensitization in OA pain(1,10,25–
29,15,18–24).
Up to 19% of patients with hip OA, and 19-37% of patients with knee OA experience neuropathiclike symptoms suggesting sensitisation(5,10,30–34). Sensitization is strongly associated with pain
severity in knee OA, disability, poor quality of life, and associated with synovitis and joint effusion.
Sensitization is not associated with radiographic severity of OA(3,4,8,9,32,35,36).
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Measuring sensitization in OA
Currently, a gold standard for the measurement of sensitization in OA is lacking(1,7,37–39). As
mentioned above, sensitization expresses itself through neuropathic-like symptoms. Some of these
symptoms are clearly pain-related such as allodynia, hyperalgesia and spreading/radiation of the
pain. However, there are also symptoms that patients do not necessarily address as painful, such
as numbness, tingling/prickling sensations, and altered sensation to hot- or cold stimuli. When
measuring the construct of sensitization, it is important to also consider such symptoms, as patients
with a low actual pain score can reach considerable sensitization scores arising from these other
neuropathic-like symptoms.
In literature regarding measurement instruments for sensitization a distinction can be made between
elaborate protocols for physical examination of neuropathic symptoms (such as Quantitative
Sensory Testing, QST) and self-report questionnaires. While the former is considered to be a more
‘objective’ measurement instrument, the latter may form a better representation of the patient’s
actual experience. After all, a patient’s subjective perception of pain is influenced by biopsychosocial
factors other than the direct stimulation of nociceptors(4,24,28,37–39) . Additionally, elaborate
QST and clinical assessment by specialised pain physicians are only applicable in clinical (or
outpatient) settings, and require trained examiners. Self-report questionnaires are obviously more
feasible in the ambulatory setting.
Several questionnaires are available to distinguish between neuropathic and nociceptive
pain symptoms. However, these questionnaires either address general pain of predominantly
neuropathic origin from any cause, or they were developed for specific patient groups other than
OA patients. Pain in OA patients is likely not purely nociplastic or nociceptive and is probably
a more mixed pain profile considering all the different mechanisms that are involved in OA
(including sensitization), as described above. Therefore, when questionnaires developed for other
patient groups are applied specifically to the OA patient population, validity of the tool needs to
be re-evaluated(34,40–42). To our knowledge, the Pain DETECT Questionnaire (PDQ) is the only
questionnaire modified to assess joint-specific neuropathic-like symptoms, but a validation study is
done only in knee OA patients(34). No valid tool is available for hip OA patients.
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Figure 1. Schematic representation of the possible relationship between neuromodulating medication and
chronic residual pain.

Treatment of sensitization in OA
Once we have a valid and reliable tool to identify the subgroup of OA patients in which
sensitization is present, we will possibly be able to offer these patients additional treatment options.
After all, conventional pain treatment in OA, for example acetaminophen and non-steroidal
anti-inflammatory drugs (NSAIDS), do not address the nociplastic processes associated with
sensitization(1,4,5). This could be the reason why conventional pain treatment has a limited effect
in a subgroup of OA patients(4,5). Neuromodulating medication, such as duloxetine, influences the
central sensitization process, in particular the inhibitory descending control pathways. Therefore,
OA patients with signs of sensitization could possibly benefit from additional treatment with
neuromodulating medication in addition to conventional conservative treatment(43–48).
Another important aspect of the treatment of sensitization in OA patients is in the context of
surgical treatment of OA. Although Total Knee Arthroplasty and Total Hip Arthroplasty (TKA/
THA) are considered very successful in patients with severe OA, a significant amount of patients
experience residual pain after TKA and THA(49,50). Up to 23% of patients after THA and
up to 34% after TKA experience chronic residual pain(51) which leads to declining patient
satisfaction, functioning, and quality of life(1,5,57–60,6,21,51–56). Sensitisation is among the most
important risk factors of poor outcome after Total Joint Arthroplasty (TJA), especially the risk of
chronic residual pain(5,7,9,19,29,52,54,61). As sensitization in OA is an important risk factor for
development of chronic residual pain after TKA/THA, it is plausible that targeted treatment
aimed at desensitization prior to surgery will reduce (the risk of) chronic residual pain (see figure 1).

Aim and outline of this thesis
The general aim of this thesis is to further investigate the measurement of signs of sensitization
in hip and knee OA patients, and furthermore to investigate the effects of targeted treatment of
sensitized OA patients on long term outcome after TKA/THA.
Part one of this thesis focuses on obtaining a reliable and valid screening tool for neuropathic-
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like symptoms specifically for patients suffering from knee or hip OA. This way, the subgroup
of OA patients in which sensitization is likely to be an important contributor to their pain can
be identified. In Chapter 2 translation and cross-cultural adaptation of the mPDQ to the Dutch
language was performed and the Dutch mPDQ was adjusted to fit patients suffering from hip
OA. Additionally, a reliability study of the Dutch mPDQ was performed. Chapter 3 focuses on
validation of the Dutch mPDQ following COSMIN guidelines.
Part two of this thesis assessed the effect of pre-operative treatment of sensitization on postoperative
outcomes after TKA/THA, in particular chronic residual pain. We aimed to provide pragmatic
insights by means of targeted treatment with duloxetine in an enriched study population of OA
patients suffering from signs of sensitization. Chapter 4 gives an elaborate description of the design
of the Randomised Controlled Trial we performed in this context, the Duloxetine in OsteoArthritis
study (DOA study). Chapter 5 describes the long-term outcome of the DOA study, focusing on
chronic residual pain. Lastly, Chapter 6 elaborates on the responsiveness and interpretability of
the primary measurement tool used in the DOA study, the Pain Subscales of the Knee injury and
Osteoarthritis Outcome Score and the Hip disability and Osteoarthritis Outcome Score (KOOS
and HOOS).
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