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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 non-
painful 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 non-
painful 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 neuropathic-
like 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.



1

13

Chapter 1

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-

Figure 1. Schematic representation of  the possible relationship between neuromodulating medication and 
chronic residual pain.
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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). 



1

15

Chapter 1

References

1. Neogi T. The epidemiology and impact of  pain in osteoarthritis. Osteoarthr Cartil. 2013; 

2. Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. The Lancet. 2019;

3. Neogi T. Structural correlates of  pain in osteoarthritis. Clin Exp Rheumatol. 2017; 

4. Neogi T, Frey-Law L, Scholz J, Niu J, Arendt-Nielsen L, Woolf  C, et al. Sensitivity and 
sensitisation in relation to pain severity in knee osteoarthritis: Trait or state? Ann Rheum Dis. 
2015; 

5. Thakur M, Dickenson AH, Baron R. Osteoarthritis pain: Nociceptive or neuropathic? Nature 
Reviews Rheumatology. 2014;

6. Dimitroulas T, Duarte R V., Behura A, Kitas GD, Raphael JH. Neuropathic pain in osteoarthritis: 
A review of  pathophysiological mechanisms and implications for treatment. Seminars in Arthritis 
and Rheumatism. 2014;

7. Arendt-Nielsen L. Pain sensitisation in osteoarthritis. Clin Exp Rheumatol. 2017; 

8. Neogi T, Felson D, Niu J, Nevitt M, Lewis CE, Aliabadi P, et al. Association between radiographic 
features of  knee osteoarthritis and pain: Results from two cohort studies. BMJ. 2009; 

9. Finan PH, Buenaver LF, Bounds SC, Hussain S, Park RJ, Haque UJ, et al. Discordance between 
pain and radiographic severity in knee osteoarthritis: Findings from quantitative sensory testing of  
central sensitization. Arthritis Rheum. 2013; 

10. Hochman JR, French MR, Bermingham SL, Hawker GA. The nerve of  osteoarthritis pain. 
Arthritis Care Res. 2010; 

11. Dye SF, Vaupel GL, Dye CC. Conscious neurosensory mapping of  the internal structures of  
the human knee without intraarticular anesthesia. Am J Sports Med. 1998; 

12. Grässel S. The role of  peripheral nerve fibers and their neurotransmitters in cartilage and bone 
physiology and pathophysiology. Arthritis Research and Therapy. 2014;

13. Hunter DJ, Zhang W, Conaghan PG, Hirko K, Menashe L, Li L, et al. Systematic review of  
the concurrent and predictive validity of  MRI biomarkers in OA. Osteoarthr Cartil. 2011; 

14. Yusuf  E, Kortekaas MC, Watt I, Huizinga TWJ, Kloppenburg M. Do knee abnormalities 



16

Beyond the Joint

visualised on MRI explain knee pain in knee osteoarthritis? a systematic Review. Ann Rheum Dis. 
2011; 

15. Hunter DJ, Guermazi A, Roemer F, Zhang Y, Neogi T. Structural correlates of  pain in joints 
with osteoarthritis. Osteoarthr Cartil. 2013;

16. Zhang Y, Nevitt M, Niu J, Lewis C, Torner J, Guermazi A, et al. Fluctuation of  knee pain and 
changes in bone marrow lesions, effusions, and synovitis on magnetic resonance imaging. Arthritis 
Rheum. 2011; 

17. Walsh DA, Mcwilliams DF, Turley MJ, Dixon MR, Fransès RE, Mapp PI, et al. Angiogenesis 
and nerve growth factor at the osteochondral junction in rheumatoid arthritis and osteoarthritis. 
Rheumatology. 2010; 

18. Gwilym SE, Keltner JR, Warnaby CE, Carr AJ, Chizh B, Chessell I, et al. Psychophysical 
and functional imaging evidence supporting the presence of  central sensitization in a cohort of  
osteoarthritis patients. Arthritis Care Res. 2009; 

19. Imamura M, Imamura ST, Kaziyama HHS, Targino RA, Wu TH, De Souza LPM, et al. 
Impact of  nervous system hyperalgesia on pain, disability, and quality of  life in patients with knee 
osteoarthritis: A controlled analysis. Arthritis Care Res. 2008; 

20. Fingleton C, Smart K, Moloney N, Fullen BM, Doody C. Pain sensitization in people with 
knee osteoarthritis: A systematic review and meta-analysis. Osteoarthritis and Cartilage. 2015; 

21. Lluch E, Torres R, Nijs J, Van Oosterwijck J. Evidence for central sensitization in patients with 
osteoarthritis pain: A systematic literature review. European Journal of  Pain (United Kingdom). 
2014;

22. Murphy SL, Phillips K, Williams DA, Clauw DJ. The role of  the central nervous system in 
osteoarthritis pain and implications for rehabilitation. Current Rheumatology Reports. 2012;

23. Woolf  CJ. Central sensitization: Implications for the diagnosis and treatment of  pain. Pain. 
2011; 

24. Mease PJ, Hanna S, Frakes EP, Altman RD. Pain mechanisms in osteoarthritis: Understanding 
the role of  central pain and current approaches to its treatment. Journal of  Rheumatology. 2011;

25. Creamer P, Hunt M, Dieppe P. Pain mechanisms in osteoarthritis of  the knee: Effect of  
intraarticular anesthetic. J Rheumatol. 1996;



1

17

Chapter 1

26. Bajaj P, Bajaj P, Graven-Nielsen T, Arendt-Nielsen L. Osteoarthritis and its association with 
muscle hyperalgesia: An experimental controlled study. Pain. 2001; 

27. Lee YC, Lu B, Bathon JM, Haythornthwaite JA, Smith MT, Page GG, et al. Pain sensitivity 
and pain reactivity in osteoarthritis. Arthritis Care Res. 2011; 

28. Wessel J. The reliability and vatidity of  pain threshold measurements in osteoarthritis of  the 
knee. Scand J Rheumatol. 1995; 

29. Arendt-Nielsen L, Nie H, Laursen MB, Laursen BS, Madeleine P, Simonsen OH, et al. 
Sensitization in patients with painful knee osteoarthritis. Pain. 2010; 

30. Hochman JR, Gagliese L, Davis AM, Hawker GA. Neuropathic pain symptoms in a community 
knee OA cohort. Osteoarthr Cartil. 2011; 

31. Valdes AM, Suokas AK, Doherty SA, Jenkins W, Doherty M. History of  knee surgery is 
associated with higher prevalence of  neuropathic pain-like symptoms in patients with severe 
osteoarthritis of  the knee. Semin Arthritis Rheum. 2014; 

32. Valdes AM, Doherty SA, Zhang W, Muir KR, Maciewicz RA, Doherty M. Inverse relationship 
between preoperative radiographic severity and postoperative pain in patients with osteoarthritis 
who have undergone total joint arthroplasty. Semin Arthritis Rheum. 2012; 

33. Ohtori S, Orita S, Yamashita M, Ishikawa T, Ito T, Shigemura T, et al. Existence of  a 
neuropathic pain component in patients with osteoarthritis of  the knee. Yonsei Med J. 2012; 

34. Hochman JR, Davis AM, Elkayam J, Gagliese L, Hawker GA. Neuropathic pain symptoms 
on the modified painDETECT correlate with signs of  central sensitization in knee osteoarthritis. 
Osteoarthr Cartil. 2013; 

35. Nilsdotter AK, Aurell Y, Siösteen AK, Lohmander LS, Roos HP. Radiographic stage of  
osteoarthritis or sex of  the patient does not predict one year outcome after total hip arthroplasty. 
Ann Rheum Dis. 2001; 

36. Chu Miow Lin D, Reichmann WM, Gossec L, Losina E, Conaghan PG, Maillefert JF. Validity 
and responsiveness of  radiographic joint space width metric measurement in hip osteoarthritis: A 
systematic review. Osteoarthr Cartil. 2011; 

37. Bennett MI, Attal N, Backonja MM, Baron R, Bouhassira D, Freynhagen R, et al. Using 
screening tools to identify neuropathic pain. Pain. 2007;



18

Beyond the Joint

38. Mulvey MR, Bennett MI, Liwowsky I, Freynhagen R. The role of  screening tools in diagnosing 
neuropathic pain. Pain management. 2014; 

39. Bennett MI, Smith BH, Torrance N, Lee AJ. Can pain can be more or less neuropathic? 
Comparison of  symptom assessment tools with ratings of  certainty by clinicians. Pain. 2006; 

40. Harris KK, Dawson J, Jones LD, Beard DJ, Price AJ. Extending the use of  PROMs in the 
NHS-using the Oxford Knee Score in patients undergoing non-operative management for knee 
osteoarthritis: A validation study. BMJ Open. 2013; 

41. De Vet HCW, Terwee CB, Mokkink LB, Knol DL. Measurement in medicine: A practical 
guide. Measurement in Medicine: A Practical Guide. 2011; 

42. Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, Knol DL, et al. The COSMIN 
study reached international consensus on taxonomy, terminology, and definitions of  measurement 
properties for health-related patient-reported outcomes. J Clin Epidemiol. 2010; 

43. Wang G, Bi L, Li X, Li Z, Zhao D, Chen J, et al. Efficacy and safety of  duloxetine in Chinese 
patients with chronic pain due to osteoarthritis: a randomized, double-blind, placebo-controlled 
study. Osteoarthr Cartil. 2017; 

44. Wang ZY, Shi SY, Li SJ, Chen F, Chen H, Lin HZ, et al. Efficacy and Safety of  Duloxetine on 
Osteoarthritis Knee Pain: A Meta-Analysis of  Randomized Controlled Trials. Pain Med (United 
States). 2015; 

45. Citrome L, Weiss-Citrome A. A systematic review of  duloxetine for osteoarthritic pain: What 
is the number needed to treat, number needed to harm, and likelihood to be helped or harmed? 
Postgrad Med. 2012; 

46. Koh IJ, Kim MS, Sohn S, Song KY, Choi NY, In Y. Duloxetine Reduces Pain and Improves 
Quality of  Recovery Following Total Knee Arthroplasty in Centrally Sensitized Patients: A 
Prospective, Randomized Controlled Study. J Bone Jt Surg - Am Vol. 2019;101(1);

47. Hochberg MC, Wohlreich M, Gaynor P, Hanna S, Risser R. Clinically relevant outcomes 
based on analysis of  pooled data from 2 trials of  duloxetine in patients with knee osteoarthritis. J 
Rheumatol. 2012; 

48. Osani MC, Bannuru RR. Efficacy and safety of  duloxetine in osteoarthritis: A systematic 
review and meta-analysis. Korean Journal of  Internal Medicine. 2019;



1

19

Chapter 1

49. Learmonth ID, Young C, Rorabeck C. The operation of  the century: total hip replacement. 
Lancet. 2007; 

50. Räsänen P, Paavolainen P, Sintonen H, Koivisto AM, Blom M, Ryynänen OP, et al. Effectiveness 
of  hip or knee replacement surgery in terms of  quality-adjusted life years and costs. Acta Orthop. 
2007; 

51. Beswick AD, Wylde V, Gooberman-Hill R, Blom A, Dieppe P. What proportion of  patients 
report long-term pain after total hip or knee replacement for osteoarthritis? A systematic review 
of  Prospective studies in unselected patients. BMJ Open. 2012;

52. Lundblad H, Kreicbergs A, Jansson KÅ. Prediction of  persistent pain after total knee 
replacement for osteoarthritis. J Bone Jt Surg - Ser B. 2008; 

53. Wylde V, Hewlett S, Learmonth ID, Dieppe P. Persistent pain after joint replacement: 
Prevalence, sensory qualities, and postoperative determinants. Pain. 2011; 

54. Wylde V, Palmer S, Learmonth ID, Dieppe P. The association between pre-operative pain 
sensitisation and chronic pain after knee replacement: An exploratory study. Osteoarthr Cartil. 
2013; 

55. Scott CEH, Howie CR, MacDonald D, Biant LC. Predicting dissatisfaction following total 
knee replacement: A prospective study of  1217 patients. J Bone Jt Surg - Ser B. 2010; 

56. Anakwe RE, Jenkins PJ, Moran M. Predicting Dissatisfaction After Total Hip Arthroplasty: A 
Study of  850 Patients. J Arthroplasty. 2011; 

57. Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KDJ. Patient satisfaction 
after total knee arthroplasty: Who is satisfied and who is not? In: Clinical Orthopaedics and 
Related Research. 2010;

58. Baker PN, van der Meulen JH, Lewsey J, Gregg PJ. The role of  pain and function in determining 
patient satisfaction after total knee replacement. Data from the national joint registry for England 
and Wales. J Bone Jt Surg - Ser B. 2007; 

59. Wylde V, Sayers A, Lenguerrand E, Gooberman-Hill R, Pyke M, Beswick AD, et al. 
Preoperative widespread pain sensitization and chronic pain after hip and knee replacement: A 
cohort analysis. Pain. 2015; 

60. Syx D, Tran PB, Miller RE, Malfait AM. Peripheral Mechanisms Contributing to Osteoarthritis 



20

Beyond the Joint

Pain. Vol. 20, Current Rheumatology Reports. 2018; 

61. Skou ST, Graven-Nielsen T, Rasmussen S, Simonsen OH, Laursen MB, Arendt-Nielsen L. 
Facilitation of  pain sensitization in knee osteoarthritis and persistent post-operative pain: A cross-
sectional study. Eur J Pain (United Kingdom). 2014;







part one

a reliable and valid screening tool for 
neuropathic-like symptoms in knee 

and hip OA patients


	Chapter 1



