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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.
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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). 
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part one

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

and hip OA patients



Abstract

There is a growing amount of evidence that alteration in pain processing by the 
peripheral and central nervous system play a role in osteoarthritis pain, leading to 
neuropathic-like symptoms. It is essential to identify knee and hip osteoarthritis 
patients	with	a	neuropathic	pain	profile	in	order	to	offer	such	patients	education	
and additional treatment options besides conventional pain treatment. 

The painDETECT Questionnaire is a self-report questionnaire developed to 
discriminate between nociceptive and neuropathic pain. This questionnaire was 
modified	to	fit	patients	suffering	from	knee	osteoarthritis.	The	aim	of	this	study	was	
to	 translate	 and	 cross-culturally	 adapt	 the	modified	 painDETECT	Questionnaire	
to	the	Dutch	language	and	to	provide	a	modified	version	to	fit	patients	with	hip	
osteoarthritis. 

Reliability	for	internal	consistency,	repeatability	and	floor	and	ceiling	effects	were	
subsequently assessed. A total of 278 patients were included in the reliability study 
and	 123	 patients	 in	 the	 repeatability	 analysis.	 The	Dutch	modified	painDETECT	
Questionnaire shows good internal consistency and small relative measurement 
errors,	 represented	 by	 a	 good	 intraclass	 correlation	 coefficient.	 Absolute	
measurement error, represented by the Standard Error of Measurement, was 
acceptable. However, a measurement bias might be present when it comes to 
repeatability. 

To	our	knowledge,	this	study	is	the	first	to	provide	a	Dutch	modified	painDETECT	
Questionnaire	 to	 fit	 hip	 and	 knee	 osteoarthritis	 patients	 and	 to	 assess	 internal	
consistency, reliability and agreement. International guidelines were followed in 
the translation process and this study has ample sample size with an adequate time 
interval for repeatability. 

Based	on	this	study,	the	Dutch	modified	painDETECT	Questionnaire	seems	to	be	
fit	 as	a	discriminative	 tool	 to	 identify	 knee	and	hip	osteoarthritis	patients	with	a	
neuropathic	pain	profile.	Whether	it	is	also	suitable	as	an	evaluative	tool	to	record	
changes over time or after an intervention remains open to further investigation.
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Introduction

Osteoarhtritis (OA) is the most common arthritic joint disease, affecting mainly older adults(1-3). 
Its worldwide symptomatic and economic burden is tremendous(1,3). Due to increasing age of  
the population the burden of  OA will likely become even greater in the future(3-6). Mostly joints 
of  the lower extremity are affected, especially the hip and knee, leading to pain and disability(1).

For most patients with OA, pain is the main reason to seek medical consultation and treatment. 
Over time the pain often transforms from intermittent weight-bearing to persistent, chronic 
pain(3,7). The etiology of  pain in OA is complex and its exact pathophysiology is still not 
completely clarified. A broad spectrum of  mechanisms is believed to be involved, both nociceptive 
and neuropathic(8-10). There is a growing amount of  evidence that alteration in pain processing 
by the peripheral and central nervous system play a role in OA pain leading to sensitization(8-14). 
Sensitization of  the nervous system may lead to neuropathic-like symptoms such as allodynia, 
hyperalgesia and hypoesthesia(15). Up to 19% of  patients suffering from hip OA and 19-37% 
of  patients suffering from knee OA experience possible or likely neuropathic pain localized in or 
around their hip or knee(15-20).

It is essential to identify knee and hip OA patients with a neuropathic pain profile in order to offer 
such patients education and additional treatment options besides conventional pain treatment. 
A reliable and valid tool for assessing neuropathic pain symptoms in OA patients is therefore of  
great importance. Besides diagnosis by a specialized pain physician, there are several tools to assess 
neuropathic pain symptoms, ranging from self-report questionnaires to a more objective tool like 
Quantitative Sensory Testing (QST) (21-24). For evaluation in a non-clinical, ambulatory setting 
only self-report questionnaires seem feasible, as the more objective methods are time-consuming, 
elaborate, require trained examiners, and are therefore only applicable in a clinical setting. 

The painDETECT Questionnaire (PDQ) is a self-report questionnaire that has been developed to 
discriminate between nociceptive and neuropathic pain. Originally it was developed for patients 
with chronic low back pain(25). With a sensitivity and specificity of  85% and 80% respectively, 
accuracy of  the PDQ is comparable to other self-report questionnaires(24,26). Hochman et al. 
modified this questionnaire to fit patients suffering from knee OA. This modified painDETECT 
questionnaire(mPDQ) has improved upon the PDQ in content validity, face validity and feasibility 
for the knee OA population(18). 

No Dutch-language version of  the mPDQ is currently available. It should be noted that the mPDQ 
only considers knee OA, it is not modified to fit patients suffering from hip OA. Hence the aims of  
this study were: 1) translate and cross-culturally adapt the mPDQ to the Dutch language, 2) adjust 
the Dutch mPDQ to fit patients with hip OA, and 3) assess the reliability of  the Dutch mPDQ. 
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Methods

This study consists of  two stages. First, translation and cross-cultural adaptation of  the mPDQ 
took place. In this stage the mPDQ was also adapted to fit patients suffering from hip OA. 
Secondly, internal consistency, repeatability and floor-ceiling effects were evaluated. The study 
was approved by the Medical Ethical Committee of  University Medical Center Groningen (no. 
METc2014/087). Informed consent was considered obtained if  the patient granted our request 
to participate in the study by returning a set of  completed questionnaires. If  patients did not want 
to participate in the study they were requested to return the blank set of  questionnaires. Patients 
were informed of  this way of  obtaining consent by an information letter. In this information letter 
they were also informed of  the voluntary nature of  the study, and that all data was processed 
anonymously. The Medical Ethical Committee specifically approved this consent procedure.

Translation and cross-cultural adaptation

The international guidelines proposed by Beaton et al. were followed during translation and cross-
cultural adaptation of  the mPDQ into Dutch(27). Forward translation of  the English mPDQ 
into Dutch was done independently by two bilingual native Dutch speakers, one with a medical 
background and the other a layman. Discrepancies between the two forward-translated versions 
of  the mPDQ were subsequently identified and resolved during a consensus meeting with an 
expert as referee. This synthesis process was documented in a written report. Next, backward 
translation of  the Dutch consensus version of  the mPDQ into English was done independently 
by two bilingual native English speakers, again one with a medical background and the other a 
layman. These two translators had never seen the original version of  the mPDQ and were neither 
informed nor familiar with the concept of  the study. In this way, the content validity was verified. 
All versions were reviewed during a final consensus meeting of  the two native Dutch-speaking 
translators and the expert. Consensus was obtained and a pre-final version of  the Dutch mPDQ 
(mPDQ-NL) was composed. Finally, the mPDQ-NL was slightly adjusted to fit patients suffering 
from hip OA. The two questionnaires are identical except for substituting the target joint “knee” 
for “hip” in every question.

After this translation and adaptation process, comprehensibility of  the pre-final mPDQ-NL was 
tested in a pilot study. Thirty patients suffering from knee or hip OA who had an appointment 
at the outpatient clinic of  the Department of  Orthopedic Surgery of  University Medical Center 
Groningen were asked to complete the questionnaire. These patients were asked to report any 
problems filling out the questionnaire and to give their comments. This resulted in a few minor 
adaptations to the questionnaire like underscoring some items to enhance interpretability. The 
final mPDQ-NL hip and knee can be found in the supplementary.
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Participants

Patients suffering from idiopathic hip or knee OA who were receiving conservative treatment 
or were on the waiting list for Total Hip or Knee Arthroplasty (THA/TKA) were eligible to 
participate. A random sample of  604 patients who had visited the outpatient clinic between July 
2013 and May 2014 was obtained from the Departments of  Orthopedic Surgery of  University 
Medical Center Groningen, Martini Hospital Groningen and Medical Center Leeuwarden(all in 
the Netherlands). Exclusion criteria were: age below 18 years; hip or knee surgery in the past six 
months; severe neurological, cognitive or psychiatric disorders; and inadequate understanding of  
written Dutch. 

Procedure

Eligible patients received an information letter, the mPDQ-NL hip or knee, a questionnaire on 
demographic characteristics and comorbidities, and a pre-paid reply envelope by mail. Patients 
were requested to complete the questionnaires. It was explained in the information letter that 
returning a set of  completed questionnaires was considered as informed consent to participate 
in the study. If  patients suffered from OA in more than one joint they were asked to complete 
the questionnaire for the hip or knee joint that was most symptomatic. To assess repeatability, a 
second mPDQ-NL was sent to participants after an interval of  two weeks. The second mailing 
included an anchor question on the global rating of  change, in which patients could indicate 
if  their symptoms had changed over the last two weeks. Only patients who reported that their 
symptoms had not changed were included in the repeatability analysis. If  returned questionnaires 
were incomplete, several attempts were made to reach patients by telephone in order to complete 
the missing items. Data collection took place from April to June 2014.

mPDQ-NL

The mPDQ-NL is a self-report questionnaire consisting of  12 items about neuropathic pain 
symptoms of  the left or right knee or hip during the past week. The first item assesses the presence 
of  pain radiation using a body map. The second item assesses the pain pattern, where patients 
have to choose between four figures representing distinctly described pain patterns. The following 
seven items rank pain quality on a 6-point Likert scale, 1 representing “never” and 5 representing 
“very strongly”. These items respectively assess burning sensation, tingling or prickling sensation, 
pain at light touch, sudden pain attacks, pain at cold or warm stimulus, numbness and pain at 
light pressure. The final three items rank pain intensity on a 0-10 numeric rating scale(NRS), 
where 0 represents “no pain” and 10 represents “excruciating pain”. These final three items are 
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about “pain at this moment”, “worst pain in the past week” and “average pain in the past week”, 
respectively.  The total score ranges from -1 to 38 points; the final three items on pain intensity are 
not included in the score. Cut-off points were chosen in accordance with the original PDQ(25). 
A score ≤ 12 indicates a nociceptive pain profile and a score between 13-18 indicates a possible 
neuropathic pain profile. A score ≥19 indicates a likely neuropathic pain profile.

Statistical Analysis 

Statistical analyses were performed using IBM SPSS Statistics for Windows(version 22.0, IBM 
Corp., Armonk, NY). Statistical significance was considered to be indicated with a p-value < 
0.05(two-tailed). If  patients reported no pain on all three NRS of  the mPDQ-NL, they were 
excluded from the analyses. Patient characteristics were reported using descriptive statistics. 

Internal consistency

Internal consistency reflects the extent to which items of  a questionnaire measure the same concept. 
Factor analysis should first be conducted to determine whether the items of  the questionnaire form 
one single overall dimension or more than one(28). Exploratory factor analysis was conducted 
according to Kaiser’s criterion using varimax rotation. Cronbach’s alphas were subsequently 
calculated for each principal component that was found. Cronbach’s alphas were also calculated 
for the overall questionnaire and for the seven Likert items on pain quality, analogously to earlier 
studies(25,29,30). A Crohnbach’s alpha of  0.70-0.95 is generally accepted as a measure of  good 
internal consistency(28).

Repeatability

Repeatability concerns whether repeated measures in a stable person provide the same scores.  
Two parts are distinguished: agreement(represented by the absolute measurement error) and 
reliability (represented by the relative measurement error)(28,31). 

Agreement reflects the extent to which the scores of  repeated measures are close to each other(28). 
Absolute measurement errors were determined by calculating the standard error of  measurement 
(SEM). The SEM can be derived by dividing the standard deviation of  the mean differences (SDdiff) 
between baseline measurement and retest measurement by √2(31). The smallest “real” change 
that can be detected in scores, despite measurement error, is represented by the smallest detectable 
change (SDC). This SDC with a 95% confidence interval (CI) for an individual can be derived 
from the SEM by using the following formula:

SDCind = 1.96 ∙ SEM ∙ √2  
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For a group the SDC with 95% CI can be calculated by using the following formula: 

SDCgroup = (1.96 ∙ SEM ∙ √2) / √n  

Absolute agreement was assessed using the methods of  Bland and Altman(32). The mean difference 
was calculated between test and retest with a 95% CI. When zero lies inside this 95% CI of  mean 
difference, agreement is considered to be achieved. Otherwise, when zero lies outside the 95% CI, 
bias between test and retest measurements might be present.

Reliability reflects the extent to which patients can be distinguished from each other, despite 
measurement errors(28). Relative measurement errors were assessed using intraclass correlation 

Figure 1. Flow chart showing inclusion procedure

coefficients (ICC) with a 95% CI. A two-
way random effects model (type absolute 
agreement) was used. In general, an ICC 
above 0.70 is considered good(33).

Floor and ceiling effects

The percentages of  patients with the 
highest and lowest possible scores on the 
total mPDQ-NL and on the individual 
pain quality items were calculated. If  more 
than 15% of  respondents have minimal or 
maximal scores, floor and ceiling effects are 
considered to be present(28). This reduces 
reliability as participants with extreme scores 
cannot be distinguished from each other. 

Results

Translation of  the mPDQ into Dutch was 
successful. No difficulties were encountered 
during pilot testing. In total, 604 patients 
were invited to participate in the reliability 
study. The response rate was 336 participants 
(55.6%). Of  these respondents, 278 
(46.0%) were included in the reliability 
study. Ten patients were excluded from the 
repeatability analysis. Reasons were because 
they received THA/TKA before the retest 
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Table 1 presents patient characteristics and mPDQ-NL scores for the study sample, with 17.7% of  
knee OA patients and 12.2% of  hip OA patients showing a likely neuropathic pain profile (mPDQ-
NL score ≥ 19), and 26.7% of  knee OA patients and 23.7% of  hip OA patients showing a possible 
neuropathic pain profile (mPDQ-NL score 13-18). 

Clinimetric properties

Internal consistency

Exploratory factor analysis revealed two principal components with an eigenvalue ≥ 1. The 
first component had a Crohnbach’s alpha of  0.71, the second component 0.65. The general 
questionnaire showed a Crohnbach’s alpha of  0.77 and the seven Likert items on pain quality 
0.80.

Repeatability

Table 2 presents repeatability results for the mPDQ-NL. For total scores the SEM was 2.6, the 
SDCind 7.3 and the SDCgrp 0.7. For individual items, SEM value ranges were 0.5-0.9, SDCind 
ranges 1.1-2.6 and SDCgrp 0.1-0.3. For the total score, the mean difference between test and retest 
was 0.69 with a 95% CI of  0.03-1.36, which therefore did not contain zero. For individual items, 
the 95% CI contained zero for most individual items, except for radiation and sudden pain attacks. 
The Bland Altman plot is presented in figure 2. For the total score, ICC was 0.90. For individual 
items ICC was high for most pain quality items (>0.70), except for pain pattern (ICC 0.52) and 
radiation (ICC 0.67). 

Table 1. Patient characteristics

Age (years) 65 ± 10 (37-90)

Gender Female 162 (58.3%)

Male 116 (41.7%)

Body Mass Index (kg/m2) 28 ± 5 (18-45)

Duration of  pain (months) * 36 (18-78)

mPDQ-NL* 10 (7-16)

Abbreviations: mPDQ-NL, Dutch modified Pain DETECT 
Questionnaire. Mean ± SD (min-max) are shown for variables 
with normal distribution. * Median (IQ range) is shown for 
variables with abnormal distribution. Gender is shown as 
number of  patients (%).

could be conducted or because the 
first questionnaire was returned with 
a considerable delay that surpassed 
the retest period. The response 
rate for the repeatability analysis 
was 220 participants (82.1%), 123 
(45.9%) of  whom were included in 
the repeatability analysis. Figure 1 
shows the flow chart for inclusion. 
The number of  cases lost because 
of  missing items was 34 out of  336 
respondents of  the first questionnaire 
(10.1%) and 15 out of  220 respondents 
of  the second questionnaire (6.8%). 
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Floor and ceiling effects

For the total mPDQ-NL score, no floor or ceiling effects were found as no patient had the highest 
or lowest possible total score (-1 or 38 points). For all individual Likert items, >15% of  patients 
had the lowest score, indicating that floor effects were present; no ceiling effects were perceived 
(Table 3).

Discussion

This study is the first to provide a Dutch mPDQ to fit hip and knee OA patients, as well as to assess 
internal consistency, reliability and agreement of  the mPDQ hip and knee. Hence results from 
the present study can only be compared to reliability data of  the PDQ, as no other studies on 
reliability of  the mPDQ are available to our knowledge.

For internal consistency, Crohnbach’s alpha for the overall score was 0.77, which is considered 
good(28). This score is comparable to the Japanese, Turkish and Spanish PDQs, where overall 

mean mPDQ-NL test-retest
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Figure 2. Bland Altman plot with 95% confidence interval (CI). Vertical axis: difference between mPDQ test 
and retest. Horizontal axis: mean mPDQ-NL when combining test and retest. The horizontal line represents 
the mean difference between test and retest. The gray lines represent the 95% CI of  this mean difference. 
Notice that the 95% CI approaches 0.00.
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Crohnbach’s alphas of  respectively 0.78, 
0.81 and 0.86 were found. No Crohnbach’s 
alpha from the original PDQ was available 
for comparison. For the seven Likert 
items on pain quality, Crohnbach’s alpha 
was 0.80, which is comparable to the 
original, Japanese, Turkish and Spanish 
PDQs with values of  respectively 0.83, 
0.80, 0.80 and 0.89(25,29,30,34,34). To 
summarize, overall internal consistency of  
the mPDQ-NL knee and hip is good and 
internal consistency between the seven 
Likert items on pain quality is particularly 
good. 

Repeatability was assessed in terms of  
agreement and reliability. For agreement, 
SEM seems acceptable with 2.6 points, as 
the mPDQ ranges from -1 to 38 points. The 
mPDQ-NL might be better at detecting 
changes between groups of  patients than 
at the individual level, considering that 
the individual SDC in the overall score 
was 7.3 points and the SDC at the group 
level was 0.7 points. However, to properly 
assess the value of  these SDC figures 
they should be compared to the minimal 
important change(MIC), which could not 
be determined from the current data.

When assessing agreement according to Bland and Altman, it should be mentioned that the 95% 
CI did not contain zero for the overall mPDQ-NL score, although it almost reached zero (0.03-
1.36). This means that a systematic measurement bias between the test and retest might be present. 
Even though only subjects who reported that their pain had not changed over the last two weeks 
were included in the analysis, the overall mPDQ-NL values were consistently slightly lower at 
retest. Patients may have had some difficulty estimating the global rate of  change of  the pain they 
experienced in the previous two weeks. The Bland and Altman plot shows an equal scatter of  the 
difference in mPDQ-NL though, which means that no actual trend can be observed (figure 2).
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Reliability of  the mPDQ-NL was good (ICC: 0.90), so it seems able to distinguish patients from 
each other despite measurement error. This is in line with previous PDQ reliability studies. For 
the Japanese PDQ an overall ICC of  0.94 was found, but only 11 subjects were included in their 
repeatability analysis. For the Spanish PDQ a repeatability analysis was conducted on 26 patients 
and an overall ICC of  0.93 was found. 

No significant floor or ceiling effects were encountered for total mPDQ-NL scores. However, 
floor effects were found for all the individual Likert items. As only a subset of  knee and hip OA 
patients experience neuropathic pain symptoms, it is understandable that floor effects were found. 
Considering that these floor effects for individual Likert items were not represented in the overall 
mPDQ-NL scores, it is likely that patients with subtle neuropathic symptoms can be distinguished 
from each other. This is important for the mPDQ-NL in order to identify subtle neuropathic 
symptoms within the broader spectrum of  OA symptoms.

Because the mPDQ-NL considers symptoms other than actual pain (such as numbness), it is 
possible for patients with a low NRS for general pain intensity to reach a considerable mPDQ-NL 
score. Therefore, if  patients reported even the least amount of  pain (NRS >0) they were included 
in the study in order to evaluate neuropathic pain for the total range of  symptomatic OA patients. 
Even in this population sample consisting of  patients with different degrees of  OA pain, 35.9% 
of  hip OA patients and 44.4% of  knee OA patients suffer from possible or likely neuropathic 
pain. The magnitude of  these figures might support current literature on the importance of  
sensitization in OA pain(3,7,8,11,13). Identification of  patients with neuropathic features could 
facilitate customizing their treatment, for example by offering neuromodulating medication such as 
duloxetine. In the setting of  future research, identifying subgroups of  OA patients with neuropathic 
features could help assess the true effectiveness of  these neuromodulating medications(10).

One of  the strengths of  the present study is that international guidelines were followed in the 
translation process. Furthermore, this study has ample sample size. When compared to other 
studies there is a relevant and recommended time interval between test and retest. Patients that 
reported a change in their pain over the two weeks between test and retest were excluded from 
the repeatability analysis(29,30,35). The percentage of  cases lost to analysis due to missing items 
was <15%, therefore selection bias is unlikely and the results can be considered generalizable to 
the missing part of  the population(36). To our knowledge, the present study is the first to clearly 
distinguish between reliability and agreement when assessing repeatability as recommended 
by COSMIN(28). Although this study provides SEM and SDCs, which give some indication 
of  evaluative purposes, future studies are needed to relate these values to the MIC and assess 
responsiveness. Validity of  the mPDQ-NL also needs to be investigated in future studies on the 
construct and the factor structure of  the mPDQ-NL.
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Conclusion

The mPDQ was successfully translated and adapted to fit Dutch hip and knee OA patients. It shows 
good internal consistency and small relative measurement errors, represented by a good ICC. 
Absolute measurement error, represented by the SEM, was acceptable. However, a measurement 
bias might be present. Based on this study, the mPDQ-NL seems to be fit as a discriminative tool 
to identify knee and hip OA patients with a neuropathic pain profile. Whether it is also suitable 
as an evaluative tool to record changes over time or changes after an intervention remains to be 
investigated further. As OA is the most common joint disease with a great burden on healthcare 
worldwide, it is of  the utmost importance to optimize its treatment options. In order to do this, 
pain in OA patients needs to be clarified further. The mPDQ-NL hip and knee could facilitate in 
this quest by identifying knee and hip OA patients with a neuropathic pain profile. 
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Modified painDETECT 

We hebben gemerkt dat mensen verschillende woorden gebruiken om verschillende 
soorten van pijn bij artrose te beschrijven.  
Naast pijn beschrijven sommige mensen vervelende klachten zoals zeurende pijn, 
stijfheid en zelfs tintelingen rondom hun gewrichten. Vanaf nu gebruiken we 
simpelweg het woord “pijn” voor alle vervelende klachten.  

Deze vragenlijst vraagt naar klachten van artrose van de heup. We zullen hier vragen 
naar klachten in rust, niet naar uw klachten tijdens lichamelijke activiteit.  
De gegeven beschrijvingen kunnen, maar hoeven niet overeen te komen met uw 
“pijn”, ongeacht hoe ernstig deze is. Laat alstublieft geen enkele vraag onbeantwoord, 
zodat we zeker kunnen zijn over uw symptomen. 

De vragenlijst is opgedeeld in 2 delen. Deel 1 vraagt naar uw RECHTER heup. Deel 2 
vraagt naar uw LINKER heup. 
____________________________________________________________________________ 

Deel 1: RECHTER HEUP 
Denkt u alstublieft ALLEEN aan uw RECHTER HEUP wanneer u de volgende vragen 
beantwoordt. 

1.  Straalde de “pijn” van uw RECHTER heup naar boven of naar beneden uit over uw 
RECHTER been in de AFGELOPEN WEEK?  

  (Vink (√) hieronder JA of NEE aan) 

JA   Zo “ JA “, markeer alstublieft de “pijnlijke”  
gebieden van uw RECHTER heup op het  
hiernaast staande plaatje    

  

NEE   Als u “NEE” heeft aangevinkt,   
   ga dan op de volgende bladzijde  

verder met Vraag 2. 

Supplementary - the Dutch mPDQ
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2. Kruis één afbeelding aan die het verloop van de “pijn” aan uw RECHTER heup in de 
AFGELOPEN WEEK het beste weergeeft: (Vink (√) één hokje aan die het beste bij 
uw pijn past) 

 
 
Aanhoudende pijn met lichte schommelingen 

 
 

Aanhoudende pijn met pijnaanvallen  
 
 

Pijnaanvallen, daartussen pijnvrij  
 
 

Pijnaanvallen, daartussen pijn 
 

 
 Niet van toepassing (geen pijn) 
 

 
3. Kies alstublieft het antwoord dat het beste de aard van de “pijn” aan uw RECHTER 

heup in de AFGELOPEN WEEK beschrijft. Denk eraan dat we het woord ‘pijn’ 
gebruiken voor alle vervelende klachten die u zou kunnen beschrijven als pijn. Laat 
u alstublieft geen vragen onbeantwoord.  

 
(Vink (√) één hokje aan die het beste bij uw klacht past) 
 

 Nooit Vrijwel 
niet 

Licht Matig Sterk Zeer 
Sterk 

a.  Hebt u last van een branderig  
     gevoel (bijvoorbeeld als van   
     brandnetels) in of rondom  
     uw RECHTER heup? 

      

b.   Hebt u een kriebelend of  
      prikkelend gevoel in het pijnlijke    
      gebied van uw RECHTER heup      
    (zoals mieren, zwakke stroom)? 
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3. Aard van de “pijn” aan uw RECHTER heup in de AFGELOPEN WEEK (vervolg) 
 

 Nooit Vrijwel 
niet 

Licht Matig Sterk Zeer 
Sterk 

c.   Is een lichte aanraking (kleding,   
      beddengoed) in dit gebied   
      pijnlijk? 
 

      

d.   Hebt u schietende pijnaanvallen  
      in het pijnlijke gebied van uw    
      RECHTER heup, als elektrische  
      scheuten?  

      

e.  Is kou of warmte (badwater) in dit   
     gebied wel eens pijnlijk? 
 

      

f.  Hebt u last van een doof gevoel  
     in of rondom uw RECHTER    
     heup? 

      

g.  Wekt een lichte druk,    
     bijvoorbeeld met de vinger, in dit   
     gebied pijn op? 
 

      

 
4. In de volgende paar vragen kunt u ons vertellen over de mate van ongemak die u 

ervaart in of rondom uw RECHTER heup 
 
a. Welk cijfer geeft u op dit moment de pijn aan uw RECHTER heup op een 0-10 schaal. 0 

staat voor ‘geen pijn’ en 10 is ‘de ergste pijn voorstelbaar’ (Omcirkel slechts EEN 
nummer) 

 
 
 
 

b. Hoe intens was de HEFTIGSTE ‘pijn’ in de AFGELOPEN WEEK aan uw 
RECHTER heup op een schaal van 0-10. 0 staat voor ‘geen pijn’ en 10 is ‘de ergste pijn 
voorstelbaar’ (Omcirkel slechts EEN nummer) 
 

 

 
 

Ergste ‘pijn’ voorstelbaar Geen ‘pijn’ 

Geen ‘pijn’ Ergste ‘pijn’ voorstelbaar 
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c. Hoe intens was GEMIDDELD de ‘pijn’ in de AFGELOPEN WEEK aan uw 
RECHTER heup op een schaal van 0-10. 0 staat voor ‘geen pijn’ en 10 is ‘de ergste pijn 
voorstelbaar’ (Omcirkel slechts EEN nummer) 

 
 

 
 
_______________________________________________________________________ 
 
Deel 2: LINKER HEUP 
Denkt u alstublieft ALLEEN aan uw LINKER HEUP wanneer u de volgende vragen 
beantwoordt. 
 
1.  Straalde de “pijn” van uw LINKER heup naar boven of naar beneden uit over uw 

LINKER been in de AFGELOPEN WEEK?  
  (Vink (√) hieronder JA of NEE aan) 
 
JA   Zo “ JA “, markeer alstublieft de “pijnlijke”  

gebieden van uw LINKER heup op het  
hiernaast staande plaatje    

  
 

NEE   Als u “NEE” heeft aangevinkt,   
   ga dan op de volgende bladzijde  

verder met Vraag 2. 
 
 

Geen ‘pijn’ Ergste ‘pijn’ voorstelbaar 
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2. Kruis één afbeelding aan die het verloop van de “pijn” aan uw LINKER heup in de 
AFGELOPEN WEEK het beste weergeeft: (Vink (√) één hokje aan die het beste bij 
uw pijn past) 

 
 
Aanhoudende pijn met lichte schommelingen 

 
 

Aanhoudende pijn met pijnaanvallen  
 
 

Pijnaanvallen, daartussen pijnvrij  
 
 

Pijnaanvallen, daartussen pijn 
 

 
 Niet van toepassing (geen pijn) 

 
 

 
3. Kies alstublieft het antwoord dat het beste de aard van de “pijn” aan uw LINKER heup 

in de AFGELOPEN WEEK beschrijft. 
Denk eraan dat we het woord ‘pijn’ gebruiken voor alle vervelende klachten die u zou 
kunnen beschrijven als pijn. Laat u alstublieft geen vragen onbeantwoord.  
 

(Vink (√) één hokje aan die het beste bij uw klacht past) 
 

 Nooit Vrijwel 
niet 

Licht Matig Sterk Zeer 
Sterk 

a.  Hebt u last van een branderig  
     gevoel (bijvoorbeeld als van   
     brandnetels) in of rondom  
     uw LINKER heup? 

       

b.   Hebt u een kriebelend of  
      prikkelend gevoel in het pijnlijke    
      gebied van uw LINKER heup      
    (zoals mieren, zwakke stroom)? 
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3. Aard van de “pijn” aan uw LINKER heup in de AFGELOPEN WEEK (vervolg) 
 

 Nooit Vrijwel 
niet 

Licht Matig Sterk Zeer 
Sterk 

c.   Is een lichte aanraking (kleding,   
      beddengoed) in dit gebied   
      pijnlijk? 

      

d.   Hebt u schietende pijnaanvallen  
      in het pijnlijke gebied van uw    
      LINKER heup, als elektrische  
      scheuten?  

      

e.  Is kou of warmte (badwater) in dit   
     gebied wel eens pijnlijk? 

      

f.  Hebt u last van een doof gevoel  
     in of rondom uw LINKER    
     heup? 

      

g.  Wekt een lichte druk,    
     bijvoorbeeld met de vinger, in dit   
     gebied pijn op? 

      

 
4. In de volgende paar vragen kunt u ons vertellen over de mate van ongemak die u ervaart 

in of rondom uw LINKER heup 
 
a. Welk cijfer geeft u op dit moment de pijn aan uw LINKER heup op een 0-10 schaal. 0 

staat voor ‘geen pijn’ en 10 is ‘de ergste pijn voorstelbaar’ (Omcirkel slechts EEN 
nummer) 

 
 
 
 

b. Hoe intens was de HEFTIGSTE ‘pijn’ in de AFGELOPEN WEEK aan uw LINKER 
heup op een schaal van 0-10. 0 staat voor ‘geen pijn’ en 10 is ‘de ergste pijn 
voorstelbaar’ (Omcirkel slechts EEN nummer) 
 

 

 
 

Ergste ‘pijn’ voorstelbaar Geen ‘pijn’ 

Geen ‘pijn’ Ergste ‘pijn’ voorstelbaar 
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c. Hoe intens was GEMIDDELD de ‘pijn’ in de AFGELOPEN WEEK aan uw LINKER 

heup op een schaal van 0-10. 0 staat voor ‘geen pijn’ en 10 is ‘de ergste pijn 
voorstelbaar’ (Omcirkel slechts EEN nummer) 

 
 

 
 
 

Geen ‘pijn’ Ergste ‘pijn’ voorstelbaar 
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Modified painDETECT 
 
We hebben gemerkt dat mensen verschillende woorden gebruiken om verschillende 
soorten van pijn bij artrose te beschrijven.  
Naast pijn beschrijven sommige mensen vervelende klachten zoals zeurende pijn, 
stijfheid en zelfs tintelingen rondom hun gewrichten. Vanaf nu, gebruiken we 
simpelweg het woord “pijn” voor alle vervelende klachten.  
 
Deze vragenlijst vraagt naar klachten van artrose van de knie. We zullen hier vragen 
naar klachten in rust, niet naar uw klachten tijdens lichamelijke activiteit.  
De gegeven beschrijvingen kunnen, maar hoeven niet overeen te komen met uw 
“pijn”, ongeacht hoe ernstig deze is. Laat alstublieft geen enkele vraag onbeantwoord, 
zodat we zeker kunnen zijn over uw symptomen. 
 
De vragenlijst is opgedeeld in 2 delen. Deel 1 vraagt naar uw RECHTER knie. Deel 2 
vraagt naar uw LINKER knie. 
____________________________________________________________________________ 
 
Deel 1: RECHTER KNIE 
Denkt u alstublieft ALLEEN aan uw RECHTER KNIE wanneer u de volgende vragen 
beantwoordt. 
 
1.  Straalde de “pijn” van uw RECHTER knie naar boven of naar beneden uit over uw 

RECHTER been in de AFGELOPEN WEEK?  
  (Vink (√) hieronder JA of NEE aan) 
 
JA   Zo “ JA “, markeer alstublieft de “pijnlijke”  

gebieden van uw RECHTER been op het  
hiernaast staande plaatje    

  
 

NEE   Als u “NEE” heeft aangevinkt,   
   ga dan op de volgende bladzijde  

verder met Vraag 2. 
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5. Kruis één afbeelding aan die het verloop van de “pijn” aan uw RECHTER knie in de 
AFGELOPEN WEEK het beste weergeeft: (Vink (√) één hokje aan die het beste bij 
uw pijn past) 

 
 
Aanhoudende pijn met lichte schommelingen 

 
 

Aanhoudende pijn met pijnaanvallen  
 
 

Pijnaanvallen, daartussen pijnvrij  
 
 

Pijnaanvallen, daartussen pijn 
 

 
 Niet van toepassing (geen pijn) 
 

 
 

6. Kies alstublieft het antwoord dat het beste de aard van de “pijn” aan uw RECHTER 
knie in de AFGELOPEN WEEK beschrijft. Denk eraan dat we het woord ‘pijn’ 
gebruiken voor alle vervelende klachten die u zou kunnen beschrijven als pijn. Laat 
u alstublieft geen vragen onbeantwoord.  

 
(Vink (√) één hokje aan die het beste bij uw klacht past) 
 

 Nooit Vrijwel 
niet 

Licht Matig Sterk Zeer 
Sterk 

a.  Hebt u last van een branderig  
     gevoel (bijvoorbeeld als van   
     brandnetels) in of rondom  
     uw RECHTER knie? 

      

b.   Hebt u een kriebelend of  
      prikkelend gevoel in het pijnlijke    
      gebied van uw RECHTER knie      
    (zoals mieren, zwakke stroom)? 
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3. Aard van de “pijn” aan uw RECHTER knie in de AFGELOPEN WEEK (vervolg) 
 

 Nooit Vrijwel 
niet 

Licht Matig Sterk Zeer 
Sterk 

c.   Is een lichte aanraking (kleding,   
      beddengoed) in dit gebied   
      pijnlijk? 
 

      

d.   Hebt u schietende pijnaanvallen  
      in het pijnlijke gebied van uw    
      RECHTER knie, als elektrische  
      scheuten?  

      

e.  Is kou of warmte (badwater) in dit   
     gebied wel eens pijnlijk? 
 

      

f.  Hebt u last van een doof gevoel  
     in of rondom uw RECHTER    
     knie? 

      

g.  Wekt een lichte druk,    
     bijvoorbeeld met de vinger, in dit   
     gebied pijn op? 
 

      

 
7. In de volgende paar vragen kunt u ons vertellen over de mate van ongemak die u 

ervaart in of rondom uw RECHTER knie 
 
d. Welk cijfer geeft u op dit moment de pijn aan uw RECHTER knie op een 0-10 schaal. 0 

staat voor ‘geen pijn’ en 10 is ‘de ergste pijn voorstelbaar’ (Omcirkel slechts EEN 
nummer) 

 
 
 
 

e. Hoe intens was de HEFTIGSTE ‘pijn’ in de AFGELOPEN WEEK aan uw 
RECHTER knie op een schaal van 0-10. 0 staat voor ‘geen pijn’ en 10 is ‘de ergste pijn 
voorstelbaar’ (Omcirkel slechts EEN nummer) 
 

 

 
 

Ergste ‘pijn’ voorstelbaar Geen ‘pijn’ 

Geen ‘pijn’ Ergste ‘pijn’ voorstelbaar 
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f. Hoe intens was GEMIDDELD de ‘pijn’ in de AFGELOPEN WEEK aan uw 
RECHTER knie op een schaal van 0-10. 0 staat voor ‘geen pijn’ en 10 is ‘de ergste pijn 
voorstelbaar’ (Omcirkel slechts EEN nummer) 

 
 

 
 
_______________________________________________________________________ 
 
Deel 2: LINKER KNIE 
Denkt u alstublieft ALLEEN aan uw LINKER KNIE wanneer u de volgende vragen 
beantwoordt. 
 
1.  Straalde de “pijn” van uw LINKER knie naar boven of naar beneden uit over uw 

LINKER been in de AFGELOPEN WEEK?  
  (Vink (√) hieronder JA of NEE aan) 
 
JA   Zo “ JA “, markeer alstublieft de “pijnlijke”  

gebieden van uw LINKER been op het  
hiernaast staande plaatje    

  
 

NEE   Als u “NEE” heeft aangevinkt,   
   ga dan op de volgende bladzijde  

verder met Vraag 2. 
 
 

Geen ‘pijn’ Ergste ‘pijn’ voorstelbaar 
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2. Kruis één afbeelding aan die het verloop van de “pijn” aan uw LINKER knie in de 
AFGELOPEN WEEK het beste weergeeft: (Vink (√) één hokje aan die het beste bij 
uw pijn past) 

 
 
Aanhoudende pijn met lichte schommelingen 

 
 

Aanhoudende pijn met pijnaanvallen  
 

 
Pijnaanvallen, daartussen pijnvrij  

 
 

Pijnaanvallen, daartussen pijn 
 

 
 Niet van toepassing (geen pijn) 
 

 
3. Kies alstublieft het antwoord dat het beste de aard van de “pijn” aan uw LINKER knie 

in de AFGELOPEN WEEK beschrijft. 
Denk eraan dat we het woord ‘pijn’ gebruiken voor alle vervelende klachten die u zou 
kunnen beschrijven als pijn. Laat u alstublieft geen vragen onbeantwoord.  
 

(Vink (√) één hokje aan die het beste bij uw klacht past) 
 

 Nooit Vrijwel 
niet 

Licht Matig Sterk Zeer 
Sterk 

a.  Hebt u last van een branderig  
     gevoel (bijvoorbeeld als van   
     brandnetels) in of rondom  
     uw LINKER knie? 

       

b.   Hebt u een kriebelend of  
      prikkelend gevoel in het pijnlijke    
      gebied van uw LINKER knie      
    (zoals mieren, zwakke stroom)? 
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3. Aard van de “pijn” aan uw LINKER knie in de AFGELOPEN WEEK (vervolg) 
 

 Nooit Vrijwel 
niet 

Licht Matig Sterk Zeer 
Sterk 

c.   Is een lichte aanraking (kleding,   
      beddengoed) in dit gebied   
      pijnlijk? 

      

d.   Hebt u schietende pijnaanvallen  
      in het pijnlijke gebied van uw    
      LINKER knie, als elektrische  
      scheuten?  

      

e.  Is kou of warmte (badwater) in dit   
     gebied wel eens pijnlijk? 

      

f.  Hebt u last van een doof gevoel  
     in of rondom uw LINKER    
     knie? 

      

g.  Wekt een lichte druk,    
     bijvoorbeeld met de vinger, in dit   
     gebied pijn op? 

      

 
4. In de volgende paar vragen kunt u ons vertellen over de mate van ongemak die u 

ervaart in of rondom uw LINKER knie 
 
d. Welk cijfer geeft u op dit moment de pijn aan uw LINKER knie op een 0-10 schaal. 0 

staat voor ‘geen pijn’ en 10 is ‘de ergste pijn voorstelbaar’ (Omcirkel slechts EEN 
nummer) 

 
 
 
 

e. Hoe intens was de HEFTIGSTE ‘pijn’ in de AFGELOPEN WEEK aan uw LINKER 
knie op een schaal van 0-10. 0 staat voor ‘geen pijn’ en 10 is ‘de ergste pijn 
voorstelbaar’ (Omcirkel slechts EEN nummer) 
 

 

 
 

Ergste ‘pijn’ voorstelbaar Geen ‘pijn’ 

Geen ‘pijn’ Ergste ‘pijn’ voorstelbaar 
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f. Hoe intens was GEMIDDELD de ‘pijn’ in de AFGELOPEN WEEK aan uw LINKER 
knie op een schaal van 0-10. 0 staat voor ‘geen pijn’ en 10 is ‘de ergste pijn 
voorstelbaar’ (Omcirkel slechts EEN nummer) 

 
 

 
 
 
 
 

Geen ‘pijn’ Ergste ‘pijn’ voorstelbaar 





Abstract
The	 modified	 painDETECT	 questionnaire	 is	 a	 self-reported	 questionnaire	 to	
discriminate between nociceptive and neuropathic-like pain in patients with knee/
hip osteoarthritis. This study aims to assess the structural and construct validity of 
this questionnaire. 

Confirmatory	 factor	 analysis	 and	 hypothesis-testing	 was	 used.	 For	 168	 patients,	
predefined	hypotheses	were	formulated	on	the	correlation	between	the	modified	
painDETECT	and	several	other	questionnaires,	and	in	a	subsample	of	46	with	Pain	
Pressure Thresholds. 

Two	 principal	 components	 were	 confirmed.	 The	 pain	 pattern	 item	 did	 not	 load	
on any component. Eighty percent of the hypotheses on the correlation between 
modified	 painDETECT	 questionnaire	 and	 the	 questionnaires	 were	met,	 as	 were	
50% concerning Pain Pressure Thresholds measurements. 

This	 study	 is	 the	 first	 to	 assess	 structural	 and	 construct	 validity	 of	 the	modified	
painDETECT questionnaire knee/hip by using factor analysis and hypothesis-
testing.	 This	 questionnaire	 seems	 to	 reflect	 neuropathic-like	 pain	 symptoms	
experienced by hip/knee osteoarthritis-patients with adequate validity. The item 
on	pain	pattern	might	not	reflect	the	construct.	More	than	75%	of	the	predefined	
hypotheses	 regarding	 the	 modified	 painDETECT	 questionnaire	 and	 the	 other	
questionnaires were met. Only 50% of the hypotheses on Pain Pressure Thresholds 
measurements were met, probably due to heterogeneity and limited size of this 
subsample.
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Introduction

Pain is the most disabling symptom of  osteoarthritis (OA) and the main reason for patients to seek 
medical consultation(1). The etiology of  OA pain is complex and multifactorial, involving both 
intra- and extra-articular mechanisms(1-4). A growing number of  studies suggest that modification 
of  pain transmission in the peripheral and central nervous system, leading to sensitization, plays a 
role in OA pain(4-12). Sensitization seems to be associated with neuropathic pain-like symptoms. 
Sensitization in OA is associated with more disability in daily life, lower quality of  life and more 
widespread pain, as well as poorer outcome of  total joint surgery(13-18). Assessment of  these 
symptoms can help to identify patients who could benefit from multidisciplinary treatment options 
focussing on desensitization, cognitive- and behavioural therapy and reducing chronification of  
widespread pain(10).

In hip OA, up to 19% of  patients and in knee OA 19-37% of  patients experience possible or 
likely neuropathic pain(3,19-23). Besides clinical assessment by specialised pain physicians and 
elaborate protocols for physical examination for neuropathic symptoms (Quantitative Sensory 
Testing, QST), several questionnaires are available to distinguish neuropathic pain symptoms from 
nociceptive pain symptoms. These questionnaires are applicable in the ambulatory setting, are 
easy to use, and do not require specialized examiners. Most of  these questionnaires contain similar 
neuropathic pain descriptors, but because they have been developed in different populations of  
neuropathic pain patients, some differences exist between them(24-28).

When these questionnaires are applied to specific populations, like OA patients, validity of  the 
tool needs to be re-evaluated(28,29). The painDETECT Questionnaire (PDQ) is a self-reported 
questionnaire developed to discriminate between nociceptive and possible or likely neuropathic 
pain in patients with chronic low back pain(30). Hochman et al. modified the PDQ to fit knee OA 
patients(19). Recently this modified PDQ (mPDQ) was translated into Dutch and adjusted to also 
fit hip OA patients, resulting in the mPDQ-NL hip and knee(31). The aim of  this study was to 
assess the validity of  the mPDQ-NL in patients with hip or knee OA. 

Methods

Validity was assessed including structural validity and construct validity using elaborate 
hypothesis-testing. For hypothesis-testing, the mPDQ-NL was compared to several other self-
reported questionnaires on both similar constructs (convergent validity) and dissimilar constructs 
(divergent validity). Questionnaires used for this purpose were the Self-reported Leeds Assessment 
of  Neuropathic Symptoms and Signs (S-LANSS), subscales of  the Knee and Hip disability and 
Osteoarthritis Outcome Score (KOOS/HOOS), Visual Analogue Scale for pain (VAS pain) and 
subscales of  the RAND-36 health survey (RAND-36).
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In OA patients, the most reported somatosensory abnormality from among the QST parameters 
is a reduced Pain Pressure Threshold (PPT)(7,32). This could be considered a more objective 
indication of  sensitization in OA compared to subjective self-report questionnaires so additionally 
convergent validity was assessed with blunt PPTs. The study was approved by the Medical Ethics 
Committee of  University Medical Center Groningen (number METc2014/087). The procedures 
followed were in accordance with the ethical standards of  the responsible committee on human 
experimentation and with the Helsinki Declaration of  1975, as revised in 2000.

Participants and Procedure

Hip or knee OA patients who were receiving conservative treatment or were on the waiting list 
for Total Hip or Knee Arthroplasty (THA/TKA) were eligible to participate in this study. These 
patients were recruited from the outpatient clinics of  the departments of  orthopaedic surgery 
of  three hospitals situated in the northern part of  the Netherlands: University Medical Center 
Groningen, Martini Hospital and Medical Center Leeuwarden. Exclusion criteria were age below 
18 years, neurological comorbidities, cognitive or severe psychiatric disorders, and inadequate 
understanding of  written Dutch. A sample of  220 patients was approached and data was collected 
between April 2014 and February 2015. 

Eligible patients received an information letter and a set of  questionnaires by mail containing a 
questionnaire on demographics and comorbidities, mPDQ-NL, S-LANSS, KOOS/HOOS, VAS 
pain, and RAND-36. Patients were asked to complete the questionnaires and the information letter 
explained that returning a set of  completed questionnaires was considered as informed consent 
to participate in the study. If  patients suffered from OA in more than one joint they were asked to 
regard the hip or knee which was most symptomatic when filling in the questionnaires. After two 
weeks, a reminder was sent to non-responders. If  questionnaires had missing data, several attempts 
were done to complete the items by telephone. A convenience sample of  46 patients was visited at 
home to perform measurements of  PPTs. To constitute this subgroup, patients were selected based 
on the shortest traveling distance to the participating hospitals. Patients were asked by telephone 
for consent to visit them and to measure their PPTs.

Questionnaires and Measurements

mPDQ-NL

The mPDQ-NL is a self-administered questionnaire consisting of  12 items on neuropathic pain 
symptoms in the left or right knee or hip during the past week. The first item concerns the presence 
of  pain radiation using a body map. The second item concerns pain patterns, where patients 
have to choose between four figures representing distinctly described pain patterns. The following 
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seven items concern pain quality on a 0-5 Likert scale, 0 representing ‘never’ and 5 representing 
‘very strongly’. These items concern burning sensation, tingling or prickling sensation, pain at 
light touch, sudden pain attacks, pain at cold or warm stimulus, numbness and pain at light 
pressure, respectively. The final three items concern pain intensity on a 0-10 Numeric Rating 
Scale (NRS), where 0 represents ‘no pain’ and 10 represents ‘excruciating pain’. These final three 
items respectively concern ‘pain at this moment’, ‘worst pain in the past week’ and ‘average pain 
in the past week’. The total score ranges from -1 to 38 points. The final three items on pain 
intensity are not included in the score. Analogously to the original PDQ, a score of  ≤12 indicates 
a nociceptive pain profile, a score of  13-18 a possible neuropathic pain profile, and a score ≥19 
a likely neuropathic pain profile(30). The mPDQ-NL is considered to be a reliable self-report 
instrument in patients with hip and knee OA, with a good internal consistency (Cronbach’s alpha 
0.77 for total score), and good repeatability with a Standard Error of  Measurement of  2.6 points 
and an Intraclass Correlation Coefficient (ICC) of  0.90(31).

S-LANSS

The S-LANSS is a self-reported questionnaire to identify pain of  predominantly neuropathic 
origin in patients with chronic pain from any cause(33,34). The S-LANSS consists of  seven items 
and uses a weighed binary scoring system. The first five items concern neuropathic pain symptoms. 
The last two items concern clinical signs: patients are asked to gently rub and press the painful area 
and compare it with a non-painful area. The total score ranges from 0 to 24 points. A score of  ≥12 
points suggests pain of  predominantly neuropathic origin. In addition, the S-LANSS contains a 
body map for identifying pain sites and a 0-10 NRS for pain over the last week. These last two items 
do not contribute to the total score. The S-LANSS has proven to be a valid and reliable self-report 
instrument for identifying neuropathic pain with a discriminant validity between 73% and 75% 
compared to expert clinical examination, and a good internal consistency with a Cronbach’s alpha 
of  0.76. However, it has not been specifically validated for hip or knee OA patients(25,27,28,34). 
The Dutch version of  the S-LANSS used in the present study was translated and cross-culturally 
adapted according to international guidelines(35).

KOOS/HOOS

The Hip disability and Osteoarthritis Outcome Score (HOOS), and the Knee disability and 
Osteoarthritis Outcome Score (KOOS) are self-administered, disease-specific questionnaires 
designed to assess patients’ opinion about their knee or hip symptoms and associated problems. 
Both scores consist of  five subscales. For this study the subscales for pain, other symptoms, and 
activities of  daily living (ADL) were used. Answers are given on a 0-4 Likert scale. For each subscale, 
a normalised 0-100 score is calculated. These 0-100 scores were transformed so that 0 represents 
no symptoms and 100 represents extreme symptoms. The HOOS and KOOS are considered 
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reliable and valid instruments in patients with hip and knee OA with good internal consistency 
for each subscale (Cronbach’s alpha above 0.70 each), good test-retest reliability with an ICC 
between 0.75 and 0.97 for the subscales of  the HOOS and an ICC above 0.70 for all subscales of  
the KOOS, and an adequate construct validity in which 75% of  the predefined hypotheses were 
confirmed for the HOOS and more than 60% for the KOOS(36,37).

VAS pain

Visual Analogue Scales (VAS) are widely used to measure pain. Patients place a marking on a 100-
mm horizontal line that represents their pain. The left ending of  the line represents ‘no pain at 
all’ and the right ending ‘worst pain imaginable’. The distance between the marking and the left 
ending of  the line is measured in whole millimetres and represents the pain score. Patients were 
asked to record the average pain at rest during the last week in their hip or knee. VAS have been 
reported as valid and reliable measures for the intensity of  pain with a between session reliability 
of  r=0.97, and a good discriminative validity(38).

RAND-36

The Dutch RAND-36 Health Survey (RAND-36) is a widely used self-administered, generic 
health status questionnaire that assesses quality of  life and well-being(39). It contains 36 questions 
and standardised response choices. These questions are divided into eight different subscales. 
For this study, the subscales for bodily pain and physical functioning were used. All scores are 
converted to a 0-to-100 scale, with a higher score indicating higher levels of  functioning or well-
being. The RAND-36 is considered a highly reliable instrument with good internal consistency for 
all subscales, in which Cronbach’s alphas ranging between 0.71 and 0.91, and satisfactory validity, 
with convergent validity correlations between 0.42 and 0.80 with corresponding questionnaires(40).

PPTs

Blunt Pressure Pain Threshold (PPT) measurements are part of  QST. The procedure was based 
on segments of  the QST protocol of  the original developers: the German Research Network on 
Neuropathic Pain (DFNS)(41). PPTs were measured using a pressure algometer (FDX25 Digital 
force gauge, Wagner instruments, Greenwich CT USA) with a 1cm2 rubber tip. The tip was 
placed perpendicular to the skin and pressure was exerted with a slowly increasing force of  50 
kgf/s (0.5 kg/s). Patients were instructed to indicate the moment the pressure was experienced as an 
unpleasant feeling and the algometer was removed immediately. The maximum force applied was 
noted. Before actual measurements were performed patients were familiarised with the procedure. 
At each site, the average of  three measurements was noted. In hip OA patients, PPT was measured 
5 cm distally and 2 cm anteriorly of  the greater trochanter on the side of  the affected hip. In knee 
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OA patients, PPTs were measured at the centre of  the patella of  the affected knee. In all patients 
PPT was also obtained from a remote, unaffected location, namely 5 cm proximally of  the distal 
radio-ulnar joint contralaterally of  the affected hip or knee. Lowered PPTs at the affected joint 
area are considered a reflection of  peripheral sensitization whereas lowered PPTs at the remote 
site are considered a reflection of  central sensitization(32). All measurements were performed 
by a single assessor. PPTs have been used in numerous OA studies in different body regions to 
assess sensitization and altered pain-processing, and have been proven reliable with ICCs ranging 
between 0.77-0.86(2,14,17,18,23,32,42,43).

Statistical Analysis 

Statistical analyses were performed using IBM SPSS Statistics for Windows (version 22.0, Armonk, 
NY: IBM Corp.). Patient characteristics were reported using descriptive statistics consisting of  mean 
and standard deviation for variables with a normal distribution, and median and interquartile 
ranges for variables with a non-normal distribution (duration of  pain, S-LANSS, and PPT).

Structural validity

Structural validity concerns the degree to which the scores of  a measurement instrument are an 
adequate reflection of  the dimensionality of  the construct to be measured and can be assessed 
using (confirmatory) factor analysis(29). Because the original PDQ was developed for patients with 
chronic low back pain, it remains to be investigated whether the items of  the mPDQ adequately 
reflect the neuropathic-like symptoms experienced by hip and knee OA patients. Based on the two 
determinative components described for the original PDQ, confirmatory factor analysis for two 
principal components was performed according to Kaiser’s criterion using varimax rotation(30). 
If  the loading of  individual items on one of  the components is >0.5 this loading is considered 
adequate(29). If  items do not load on any of  the components they are considered as not being 
a good measurement of  the construct. Items should load substantially (>0.3) on only one of  the 
components and at least three items should contribute to each component(29).

Construct validity

In order to determine construct validity predefined hypotheses were formed based on similarities 
and differences between the characteristics and constructs measured by the different measurement 
instruments. In defining the hypotheses, previous studies were also taken into account. According 
to the COSMIN criteria, construct validity of  a questionnaire is sufficient if  75% of  predefined 
hypotheses are met(29,44). Pearson or Spearman correlation coefficients were determined 
depending on normality of  the distribution of  the different scales. Correlation between mPDQ-
NL and S-LANSS was controlled for pain intensity. Correlation coefficients were interpreted 
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according to criteria set by Domholdt et al.: 0.00-0.25 represents little if  any correlation; 0.26-0.49 
weak correlations; 0.50-0.69 moderate correlations; 0.70-0.89 strong correlations; and 0.90-1.00 
very strong correlations(45). 

Tables 1 and 2 present the predefined hypotheses based on the following: The constructs of  the 
mPDQ and the S-LANSS are considered the most similar, yet some important differences are 
present between the two measurement instruments(24,27,28). 

Examples of  these differences are: 1) binary S-LANSS items versus Likert items in the mPDQ-
NL, thereby producing quantitative measurement; 2) a weighed scoring system in the S-LANSS 
versus equal weighting of  the mPDQ-NL items; 3) the S-LANSS contains items regarding 
autonomic changes which are not characteristic for OA, whereas the mPDQ-NL contains items 
regarding evoked pain by heat or cold and numbness; 4) the mPDQ-NL is joint-specific whereas 
the S-LANSS is not. Despite this, Hochman et al. found a strong correlation of  0.73 between the 
mPDQ and S-LANSS(19).

Correlations of  the mPDQ-NL with pain scores of  the VAS, KOOS/HOOS and RAND-36 likely 
reflect the quantitative character of  the mPDQ-NL; patients with more intense neuropathic-like 
pain symptoms are expected to have a higher pain score. Likewise, the ADL score of  the KOOS/
HOOS and the physical functioning score of  the RAND-36 are likely to be influenced by the 
severity of  neuropathic-like pain symptoms. The subscores of  the KOOS/HOOS are expected to 
show a higher correlation with the mPDQ-NL than the RAND-36 subscores, as the latter concern 
general instead of  joint-specific symptoms. The KOOS/HOOS subscore for other symptoms 
measures a divergent construct (e.g. stiffness, effusion, crepitus), therefore a weak correlation 
is expected with the mPDQ-NL. No previous studies are available on the correlation between 
mPDQ and the VAS pain or subscales of  KOOS/HOOS and RAND-36. However, some results 
are available for the correlation between the PDQ (unmodified), VAS pain and subscales of  the 
RAND-36, reporting correlations between VAS pain and PDQ of  0.39, and of  0.53 in hip and 
knee OA patients(20,46). A correlation of  0.30 between PDQ and the RAND-36 pain subscale was 
previously described(42). Based on previous studies, a weak correlation of  ~0.30 was hypothesised 
between mPDQ-NL knee and hip and the PPTs(42). As the PPTs are most represented by the 
specific mPDQ-NL item concerning pain at light pressure, the correlation between this item and 
PPTs was expected to be higher than between PPTs and mPDQ-NL total scores.

A minimal sample size of  100 participants was pursued as this size is considered excellent for 
assessing measurement properties of  a questionnaire(47). However, due to logistical challenges 
a sample size of  50 participants was pursued for construct validation of  the mPDQ with PPT 
measurements.
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Table 1. Predefined Hypotheses regarding other self-reported questionnaires

Instrument Compared Expected correlation Correlation 
coefficient

Hypotheses 
confirmed?

S-LANSS 0.70-0.89 0.59 No

> VAS Yes

VAS 0.50-0.69 0.51 Yes

KOOS/
HOOS

Pain 0.50-0.69 0.64 Yes

> RAND-36 bodily pain Yes

ADL 0.50-0.69 0.55 Yes

> RAND-36 physical 
functioning

Yes

Other symptoms 0.26-0.49 0.46 Yes

RAND-36 Bodily pain 0.26-0.49 0.25 No

Physical functioning 0.26-0.49 0.45 Yes

80%

Abbreviations: ADL: Activities of  Daily Living. QOL: Quality Of  Life. VAS concerns the average pain in hip 
or knee at rest during last week. N=168.

Table 2. Predefined Hypotheses regarding PPT measurements

Instruments Compared Expected correlation Correlation 
coefficient

Hypotheses 
confirmed?

PPT arm -0.26 – -0.49 -0.04 No

hip area -0.26 – -0.49 -0.05 No

patella -0.26 – -0.49 -0.09 No

PPT vs mPDQ item* arm
> total mPDQ 

correlation
-0.08 Yes

hip area
> total mPDQ 

correlation
-0.35 Yes

patella
> total mPDQ 

correlation
-0.10 Yes

50%

Abbreviations: PPT: Pressure Pain Threshold. mPDQ: Dutch modified painDETECT Questionnaire. * PPTs 
correlated to mPDQ-NL item “pain at light pressure”. N=46.
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Results

A total of  168 patients were included in the study (75 hip and 93 knee OA patients). Figure 1 shows 
the flow chart for inclusion. PPT measurements were performed in 46 patients, consisting of  16 
hip OA patients and 30 knee OA patients. Table 3 presents patient characteristics and descriptive 
statistics of  the collected data.

Structural Validity

Confirmatory factor analysis with two principal components revealed two components with 
an Eigenvalue > 1.0. The items pain at light touch, light pressure and cold or warm stimulus 
load adequately on the first component. The items radiation, burning sensations and prickling 
sensations load adequately on the second component. The items sudden pain attacks and 
numbness substantially load on both factors. The item concerning pain pattern does not load on 
any component. After removing the item concerning pain pattern the distribution of  the remaining 
item loadings remained the same and the percentage of  explained variance by both components 
increased from 48.7% to 53.9%.

Figure 1. Flow chart showing inclusion procedure
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Construct validity

Tables 1 and 2 present the correlation coefficients between mPDQ-NL score and the different 
comparative measurement instruments as well as accordance with the hypotheses. The S-LANSS 
as well as PPTs in all body regions showed a non-normal distribution, therefore Spearman’s rho 
correlation coefficients were calculated for these analyses whereas Pearson’s correlation coefficients 
were calculated for the other instruments. In total, 80% of  the predefined hypotheses concerning 
the self-reported questionnaires were met. For PPT measurements, 50% of  the predefined 
hypotheses were met.

Table 3. Patient characteristics and descriptive statistics

Self-reported 
questionnaires 
(n=168)

Subgroup PPT 
sample (n=46)

Age (years) 65 ± 10 (37-90) 65 ± 11 (41-90)

Gender Female 105 (63%) 35 (76%)

Male 63 (38%) 11 (24%)

Body Mass Index (kg/m2) 28 ± 5 (18-45) 29 ± 6 (19-45)

Duration of  pain (mos)* 36 (18-72) 44 (24-96)

mPDQ-NL 12 ± 6 (0-36) 13 ± 5.5 (3-25)

 S-LANSS* 8 (2-13)

 VAS (mm) 33 ± 21 (0-85)

KOOS/HOOS pain 54 ± 19 (5-100)

ADL 59 ± 21 (3-100)

RAND-36 bodily pain 53 ± 19 (0-90)

physical function 54 ± 23 (0-100)

 PPT (kgf)* arm 2.0 (1.5-2.0)

hip area 3.1 (1.6-7.0)

patella 3.7 (1.5-4.4)

m. tibialis anterior 2.2 (1.8-3.3)

Abbreviations: Mean ± SD (min-max) for variables with normal distribution. *Median (IQ range) for variables 
with non-normal distribution. Gender is shown as number of  patients (%).
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Discussion

To our knowledge, this study is the first to assess the structural validity of  the mPDQ knee and hip 
using factor analysis and to assess construct validity using elaborate hypothesis-testing as proposed 
by COSMIN guidelines(29,44). A recent publication by Mathieson et al. describes the poor overall 
methodological quality of  studies examining the measurement properties of  neuropathic screening 
questionnaires – they often lack factor analysis, do not describe the percentage of  missing values, 
and do not define clear hypotheses a priori for construct validity(48). Furthermore, few validation 
studies have been conducted on screening questionnaires for neuropathic pain symptoms in the 
knee or hip OA population. The percentage of  cases lost to analysis due to missing items was 
<15%, therefore selection bias is unlikely and the results can be considered generalizable to the 
missing part of  the population(29). The results of  the present study therefore add valuable data to 
this particular field of  research.

Factor analysis confirmed two principal components for the mPDQ. The distribution of  items over 
these components was different when compared to literature on the unmodified PDQ(30,49,50). 
The item concerning pain pattern did not load on either of  the two components, suggesting 
that this item might not reflect an aspect of  the construct of  neuropathic pain symptoms in hip 
or knee OA patients. After removing this item, the percentage of  explained variance by both 
components increased from 48.7% to 53.9%. This is in line with previous data on Rasch analysis 
of  the unmodified PDQ by Moreton et al. who also found a misfit of  the pain pattern item in knee 
OA patients(42). It might therefore be advisable to remove this item from the mPDQ-NL score. A 
possible explanation is the relatively mixed pain profile experienced by knee and hip OA patients(23). 
OA pain typically fluctuates over time and gradually evolves from intermittent weight-bearing to 
persistent chronic pain(2). For some patients, this pain is accompanied by neuropathic-like pain 
symptoms. This is in contrast with studies on the unmodified PDQ in different pain populations, 
where groups of  patients with diagnosed neuropathic pain conditions were compared to patients 
with typical nociceptive pain conditions(30,49,50). When interpreting the two components of  the 
mPDQ-NL, the items that only loaded on the first component could be described as ‘evoked 
neuropathic sensations’, the items that only loaded on the second component as ‘spontaneous 
neuropathic sensations’. There were however two Likert items that loaded substantially on both 
components. For the Japanese unmodified PDQ, two similar principal components were described 
for the seven Likert items, designated as ‘spontaneous pain’ and ‘evoked pain’(49). It is not described 
how the items were distributed among the two components, therefore it remains unclear whether 
the present results are really in line with that study. Moreover, in the original PDQ and the Spanish 
unmodified PDQ the seven Likert items all loaded on one principal component(50). It might thus 
be suggested that two determinative components are present in the mPDQ-NL as well as the 
unmodified PDQ, but results are inconsistent on this matter.
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For construct validity, 80% of  the predefined hypotheses concerning other self-reported 
questionnaires were confirmed in a substantial sample size of  168 patients. The confirmed 
hypotheses validate the construct measured by the mPDQ-NL. Some hypotheses were not 
confirmed though. The construct of  the S-LANSS was considered one of  the most converging, 
and based on the previous study by Hochman et al. a strong correlation was expected, yet only a 
moderate correlation was found. A possible explanation is that Hochman et al. did not control for 
overall pain intensity, contrary to our study(23). This can be illustrated with the results from the 
present study when comparing the correlation between mPDQ-NL and S-LANSS (0.59), which 
was corrected for overall pain intensity, with the correlation between the mPDQ-NL and the pain 
subscore of  the KOOS/HOOS (0.64), which was not corrected.

Correlations between mPDQ-NL and the PPT measurements did not meet our predefined 
hypotheses; only 50% of  the predefined hypotheses were confirmed in a considerably smaller 
sample size of  46 patients. With regard to the mPDQ-NL item ‘pain at light pressure’, only the 
PPTs at the hip joint showed a weak correlation. Because both mPDQ-NL items and PPTs are 
associated with sensitization in OA, a weak correlation was expected. This may be due to the 
relatively small and heterogeneous study sample in terms of  age, BMI and gender. In the literature, 
these factors are identified to influence PPTs(41,51).

The study sample of  the PPT subgroup however was too small to correct for these factors, thereby 
hampering interpretability of  the present results. Assuming that the lack of  correlation between 
mPDQ-NL scores and PPTs found in the present study represents the real relation between 
these two measurement instruments, these results are an interesting contrast with our predefined 
hypotheses. However, they support the theory of  Wessel et al., who state that PPTs might be 
measuring different aspects of  the pain experience compared to patient-reported assessment of  
pain experience. A patient’s own assessment of  pain experience is considered to be influenced 
by subjective perception, which in turn is influenced by factors other than the direct stimulation 
of  nociceptors. This could mean that direct comparison of  subjective patient-reported screening 
tools for neuropathic pain with more objective measurement tools like PPT and QST in itself  may 
remain an interesting albeit ambivalent field for future studies(52).

Assessment of  neuropathic pain-like symptoms by means of  the mPDQ can be very useful to 
help identify the sensitised subgroup of  OA patients in order to optimally tailor treatment to the 
individual patients’ needs(10,53) These patients are more likely to benefit from a multidisciplinary, 
cognitive, and behaviour-centred treatment programme focusing on desensitization, education, 
and coping, as compared to somatic-pain centred surgical treatment. Therefore, assessment tools 
like the mPDQ are especially important to rehabilitation professionals working with OA patients.
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Conclusions

Overall it can be concluded that based on factor analysis and elaborate hypotheses-testing, 
the mPDQ-NL seems to reflect neuropathic-like pain symptoms experienced by hip and knee 
OA patients with adequate validity. For construct validity, most of  the predefined hypotheses 
on correlation between the mPDQ-NL and several other measurement instruments were met. 
Hypotheses on PPT measurements were not met, probably due to heterogeneity and limited 
sample size of  this convenience subgroup. The mPDQ-NL can thus be used to select patients 
with neuropathic-like symptoms who may benefit from additional treatment options in the 
multidisciplinary field of  rehabilitation to improve their physical and mental well-being. More 
research is needed into effective interventions for this patient group.
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part two

the effect of pre-operative treatment 
of sensitization on postoperative 

outcomes after TKA/THA



Abstract
Residual pain is a major factor in patient dissatisfaction following total hip arthroplasty 
or total knee arthroplasty (THA/TKA). The proportion of patients with unfavourable 
long-term residual pain is high, ranging from 7 to 34%. There are studies indicating 
that a preoperative degree of central sensitization (CS) is associated with poorer 
postoperative outcomes and residual pain. It is thus hypothesised that preoperative 
treatment of CS could enhance postoperative outcomes. Duloxetine has shown to 
be effective for several chronic pain syndromes, including knee OA, in which CS 
is likely one of the underlying pain mechanisms. This study aims to evaluate the 
postoperative effects of preoperative screening and targeted duloxetine treatment 
of CS on residual pain compared to care-as-usual.

This multicenter, pragmatic, prospective, open-label, randomised controlled trial 
includes idiopathic hip/knee OA patients who are on a waiting list for primary 
THA/TKA. Patients, at risk for CS, will be randomly allocated to the preoperative 
duloxetine treatment program group or the care-as-usual control group. Primary 
endpoint	is	the	degree	of	postoperative	pain	6	months	after	THA/TKA.	Secondary	
endpoints at multiple time points up to 12 months postoperatively are: pain, 
neuropathic pain like symptoms, (pain)sensitization, pain catastrophizing, joint 
associated problems, physical activity, health-related quality of life, depressive 
and anxiety symptoms, and perceived improvement. Data will be analysed on an 
intention-to-treat basis. 

The study is approved by the local Medical Ethics Committee (METc 2014/087) and 
will	be	conducted	according	to	the	principles	of	the	Declaration	of	Helsinki	(64th,	
2013) and the Good Clinical Practice standard (GCP), and in compliance with the 
Medical Research Involving Human Subjects Act (WMO). 

The trial (protocol V.4.0, 07/2015) is registered in the Dutch Trial Registry with 
number NTR 4744 and in the EudraCT database with number 2013-004313-41.
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Background and rationale

Total joint replacement (TJR) is considered to be a safe, successful and cost-effective procedure 
for the treatment of  advanced osteoarthritis (OA)(1-3). Despite its success the overall incidence 
of  dissatisfaction is high, as 7% of  total hip arthroplasty (THA) patients and 20% of  total knee 
arthroplasty (TKA) patients are dissatisfied one year after arthroplasty(4,5). Main factors associated 
with patient-perceived level of  dissatisfaction after TJR are level of  residual pain, functional 
outcome and accomplished level of  preoperative expectations(4-7). Of  all factors, residual pain 
seems to be the most prominent cause of  dissatisfaction(4,5,7,8). The proportion of  patients with 
unfavourable long-term residual pain is high, ranging from 7 to 23% after THA and 10 to 34% 
after TKA(9).

Over the past decades it has become clear that OA pain varies among patients with OA; from 
intermittent- to constant pain and from nociceptive- to neuropathic pain like symptoms(10). These 
variations may be explained by OA-induced changes in the biochemical environment around 
peripheral joint nociceptors and joint structures(11). It is thought that these changes could lead 
to hyper-excitability of  the peripheral (peripheral sensitisation) and ultimately the central nervous 
system (central sensitization)(11-13). Central sensitisation (CS) can be defined as an “increased 
responsiveness of  nociceptive neurons in the central nervous system”, “this may include increased 
responsiveness due to dysfunction of  endogenous pain control systems”. In a subset of  patients, 
it is hypothesized that CS combined with peripheral articular nerve disruption is accountable for, 
or at least associated with, joint-related neuropathic pain like symptoms such as allodynia and 
hyperalgesia, and other characteristics like spontaneous pain, widespread pain, referred pain and 
temporal summation(12-14). 

There are indications that preoperative signs/symptoms suggesting CS are associated with poorer 
postoperative outcomes and residual pain after TJR(15-17). Lundblad et al. found less favourable 
pain relief  18 months after TKA in patients with preoperative features of  possible CS such as 
low pain thresholds at remote sites (secondary hyperalgesia) and high preoperative VAS scores 
for pain at rest (spontaneous pain)(16). Wylde et al. further showed that CS associated features 
like multiple-site pain and preoperative pain sensitization at remote sites (secondary hyperalgesia) 
are independent determinants of  residual pain 12 and 18 months after TKA(15,17). Hence, it is 
hypothesised that preoperative targeted treatment of  CS could be beneficial towards decreasing 
the level of  residual postoperative pain.

There is pre-clinical(18,19) and clinical evidence that duloxetine, a centrally-acting antidepressant, 
is efficacious in the treatment of  chronic pain conditions in which CS is likely one of  the prominent 
underlying pain mechanisms, such as diabetic peripheral neuropathic pain(20,21), fibromyalgia(22) 
and chronic low back pain(23). The mechanism of  pain inhibition is thought to be related to the 
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amelioration of  serotonin and norepinephrine activity in the central nervous system(24). There 
is also preclinical(25) and clinical evidence that duloxetine is beneficial for lowering chronic knee 
OA pain compared to a placebo(26-31). The observed knee OA pain relief  was due to a direct 
analgesic effect and not due to mood improvement. 

Based on the observed relationship between preoperative signs/symptoms indicating CS and 
negative postoperative outcomes; this study aims to evaluate the postoperative effects of  preoperative 
targeted duloxetine treatment of  CS on residual pain after THA/TKA compared to care-as-usual. 
The primary objective is therefore to determine the effect of  preoperative targeted duloxetine 
treatment on residual pain 6 months after THA/TKA. Secondary objectives are to determine the 
effect at different pre- and postoperative follow-up time points (see Table 1) on: pain, neuropathic 
pain like symptoms, (pain)sensitization, pain catastrophizing, joint associated problems, physical 
activity, health-related quality of  life, depressive and anxiety symptoms, perceived improvement 
and arthroplasty-related expectations. 

Methods and design

This study is a multicenter (University Medical Center Groningen (UMCG)), Martini Hospital 
Groningen (MH) and Medical Center Leeuwarden (MCL)), pragmatic, open-label randomised 
controlled trial. After signing informed consent, eligible patients will be randomly allocated by 
means of  a web-based system (ALEA®, FormsVision, Abcoude, the Netherlands) to an intervention 
or a control group (Figure 1). The intervention will consist of  10 weeks of  preoperative duloxetine 
treatment (7 weeks on target dosage). This treatment period was chosen based on two large 
placebo controlled RCTs among knee OA patients which showed that the main pain-relieving 
effect of  duloxetine reached a plateau after 7 weeks on target dosage(27,28). To reduce the risk 
of  developing side effects(32), the first week of  treatment will be initiated with half  of  the target 
dose (30mg/d). In the second week there will be up titration to the target dosage of  60mg/d 
(2x 30mg/d capsule). The last two treatment weeks (weeks 9 and 10) are a drug tapering phase: 
duloxetine dosage will be lowered to 30mg/d to reduce the risk of  developing discontinuation 
symptoms(33). In the control group subjects will receive no specific intervention and solely receive 
standard preoperative care-as-usual. However, in all study subjects, usage of  agents to address 
specifically neuropathic pain (in the peri- and early postoperative period), like gabapentenoids 
will be discouraged (by communicating this with the anesthesiologist) since this could potentially 
interfere with the study outcome(s). As the current waiting period for surgery is around 2-3 
months, no significant treatment delay is expected. For each subject, the duration of  the clinical 
trial will be around 15 months, including baseline visit, a ±11-week preoperative period and a one-
year postoperative follow-up period (Table 1, Figure 1). The local Medical Ethics Committee of  
UMCG has approved the trial (METc 2014/087), which is registered in the Dutch Trial registry 
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(NTR 4744) and in the EudraCT database (2013-004313-41).

Patient selection and study population

When placed on the waiting list for THA/TKA, patients will be asked to fill in a questionnaire 
about neuropathic pain like symptoms (the modified-painDETECT questionnaire (mPD-Q)(34). 
The mPD-Q is derived from the original painDETECT questionnaire(49) and is composed of  
seven items evaluating pain quality, one item evaluating pain pattern, and one item evaluating 
pain radiation. The score result is an aggregated score ranging from -1 to 38 points(49). Patients 
experiencing a possible or likely NP phenotype (mPD-Q score ≤12 points) and who are willing to 
consider participation will receive written information about the study. After about two weeks the 
researchers will call the patients to ask if  they have any questions regarding the study; if  patients 
are willing to participate, they will be checked for inclusion and exclusion criteria (TB, WR).

Inclusion criteria

To be eligible to participate in this study, a patient must be an adult (age>18 years) diagnosed with 
primary hip/knee OA (based on clinical and radiological ACR criteria) and having a possible or 
likely NP phenotype (mPD-Q-score >12) at time of  screening. The latter criterion is included to 
identify patients who are likely more at risk for developing residual pain, as research showed that 
characteristics of  CS are more prevalent in hip/knee OA patients with a possible or likely NP 
phenotype(50,51). Based on previous research, we anticipate that about 20-40% of  the patients 
that will be screened experience a possible or likely NP phenotype(34,51-54). 

Exclusion criteria

Candidates who meet any of  the following criteria will be excluded from participation.

General exclusion criteria:

• Surgical hip or knee joint procedures performed in the last year*;

• Intra-articular knee/hip injection or knee/hip arthroscopy in the past three months*;

• Cognitive and/or neurological disorders that could interfere strongly with questionnaire 
surveys (e.g. dementia)†;

• An unstable and/or severely ill patient that is likely to be hospitalized during the course of  the 

* This factor likely interferes significantly with the baseline measure.
† This factor likely interferes significantly with participating adequately in a randomized controlled trail with multiple time 
points.



83

Chapter 4

4

study or the illness compromises study participation significantly*;

• Planned or intended THA or TKA procedure within the study duration (current planned 
arthroplasty not included)†;

• A history of  significant peripheral nerve injury‡;

• Previous exposure to duloxetine§;

Duloxetine-related exclusion criteria:

• Allergy to duloxetine capsule (or another SNRI); 

• Usage of  non-selective monoamine oxidase (MAO) inhibitors, TCA’s, SSRIs or SNRIs in the 
last year;

• Usage of  strong CYP1A2 inhibitors;

• History of  peptic ulcer disease or bleeding disorder (or another substantial risk factor for 
bleeding, like usage of  coumarin derivates);

• Impaired liver function (alanine aminotransferase (ALAT) or aspartate aminotransferase 
(ASAT) >100 International Units per Liter (IU/L) or elevated PT (INR) > 1.5), or known 
liver cirrhosis or liver transplantation; 

• Severe renal impairment (Creatinine clearance-eGFR <30 ml/min), previous renal 
transplantation or under renal dialysis;

• Psychiatric disorders, severe depression/major depressive disorder (based on HADS score 
>15 on depression subscale)¶;

• A history of  alcohol or other substance abuse (excluding nicotine and caffeine) or dependence 
within the five years prior to enrollment; 

• History of  cardiac arrhythmias, cardiac failure, myocardial infarction, or irregular heartbeat 
at baseline (by checking radial pulse rhythm);

* This factor likely interferes significantly with participating adequately in a randomized controlled trail with multiple time 
points.
† This factor significantly influences multiple postoperative outcome measures. 
‡ This factor will probably influence pain quality in the lower extremities. 
§ This factor likely influences the patient’s expectations of  the duloxetine treatment.
¶ Major depressive disorder is an exclusion criterion, since it is associated with an increased risk of  suicide in the early stages 
of  depression treatment by duloxetine.55
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• Hyponatraemia (<135 mmol/l) or a history of  frequent hyponatremias; 

• History of  uncontrolled hypertension, blood pressure >180 mmHg systolic or >110 mmHg 
diastolic at baseline;

• History of  glaucoma (or increased intraocular pressure), uncontrolled thyroid disease or 
history of  uncontrolled seizures;

• Currently pregnant or lactating, or planning to become pregnant within the study period (self-
assessed), unwillingness to comply with reproductive precautions; women who could become 
pregnant must be willing to comply with approved birth control measures.

Figure 1. Schematic Scheme; Preoperative period: ±11-week including 10 weeks of  duloxetine and a 
preoperative duloxetine free period; follow-up period: postoperative up to 1 year; “initiation”: 2 week 
period, first week: 30mg p/d duloxetine; second week: 60mg p/d duloxetine; “treatment phase”: 6 week 
period, 60mg p/d duloxetine; “taper”: 2 week period, 30mg p/d duloxetine. TJR: total joint replacement 
(arthroplasty). 
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Study Procedures

Preoperative period

Baseline (T0)

Patients will visit the researcher of  the outpatient clinic of  their own hospital to screen for the 
following exclusion criteria: severe depression (based on HADS score >15 on the depression 
subscale), uncontrolled hypertension, hyponatraemia, impaired liver or renal function and 
pregnancy (applicable to women with child-bearing potential; hCG-urine dipstick and when 
screened positive hCG will be obtained in serum). If  all of  the inclusion criteria and none of  the 
exclusion criteria are fulfilled, informed consent will be obtained and randomisation will follow. 
Randomisation in the web-based system will be executed by the local researcher (3 site specific 
researchers). A stratification factor will be the type of  arthroplasty (hip/knee). After randomisation 
there is a baseline assessment, including patient characteristics and baseline values for outcome 
measures (see Table 1). This is thus a pragmatic trial, so no restrictions will be imposed on usage 
of  escape (pain) medication or other medication. However, usage of  agents to address specifically 
neuropathic pain symptoms (not including the study drug during the preoperative treatment 
period), like gabapentenoids should be avoided since this could potentially interfere with the study 
outcome(s). Therefore local care-as-usual will be slightly modified for study patients in the MZ and 
MCL, since these two hospitals use gabapentenoids in the peri- and early postoperative period (in 
a subset of  patients). 

Intervention Group: “Duloxetine”

Time point T0: Medication Period 1 – “initiation”

For safety reasons and to improve adherence, medication release takes place at three different 
time points. Since the risk of  side effects is higher at the beginning of  the treatment, the first study 
period is relatively short (2 weeks). Prior to medication release, the subject will be informed and 
warned about possible side effects. The patient will also receive a chart to record usage and side 
effects. This chart will be collected at every subsequent preoperative visit. 

Time point T1: Medication Period 2 – “treatment phase” 

This time point follows after two weeks of  usage. Subjects will visit the outpatient clinic of  their 
hospital and will receive a limited set of  pain-related questionnaires (Table 1), which they have to fill 
in prior to the visit. The visit will further consist of  sensitization measurements (QST) followed by 
duloxetine treatment evaluation. Drug accountability will be reported and any unused medication 
will be collected, registered and destructed following local protocol. Subsequently, duloxetine 
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(60mg/d) for the following 6 weeks will be handed over. Serum sodium level will be obtained once 
more to monitor for duloxetine-induced hyponatraemia, a complication that can occur early on 
after duloxetine initiation(56, 57).

Time point T2: Medication Period 3 – “taper phase”

This time point is defined as eight weeks after duloxetine initiation and marks the beginning of  the 
drug-tapering phase. This visit is identically structured as the previous mentioned time point T1. 
Medication (duloxetine 30mg/d) for the final two treatment weeks will be handed over. Explicit 
warning will be given about discontinuation symptoms. 

Time point T3: preoperative status

Subjects will receive the full set of  questionnaires by mail (see Table 1), which they have to fill in the 
day before surgery. The questionnaires will be collected on the day of  admission to the hospital. 
At the moment of  collection, sensitization measurements (QST) will be performed (see Table 1). 
Since concomitant usage of  NSAIDs and SNRIs is associated with diminished platelet function 
and therefore with perioperative bleeding(58), surgery will be performed minimal 4 days after last 
duloxetine usage (arthroplasty window, day 5-8). 

Control Group: “Care-as-usual” 

Time points T1, T2, T3

Time points T1 and T2 are defined as two weeks and eight weeks after baseline (T0) respectively. 
Subjects will receive a set of  questionnaires at both time points (see Table 1) by mail, which they 
have to fill in. After completion they are asked to send them back by mail. Time point T3 is 
identical to the time point T3 of  the intervention group. 

Table 1. Schematic time line

a blood test at T1 is only applicable to the duloxetine intervention group; b only applicable to the duloxetine 
intervention group; x no specific time point; -T1: screening, T0: baseline; T1: day 14-17; T2: day 56-60; 
T3: 0-2 days preoperative; T4: day 2-3 postoperative; T5: weeks 5-7 postoperative; T6-7: 6 and 12 months 
postoperative ± 2 weeks. 
Abbreviations: QOL: Quality of  Life; QST: Quantitative sensory testing. mPD-Q: Modified-painDETECT 
questionnaire; HOOS/KOOS: The Hip disability/ Knee injury and Osteoarthritis Outcome Score; 
VAS: Visual Analogue Scale-pain; PCS: Pain Catastrophizing Scale; PGI-I: Patient Global Impression of  
Improvement; IPAQ: International Physical Activity Questionnaire; RAND 36: RAND 36-item Health 
Survey; HADS: Hospital Anxiety and Depression Scale; HSSKR/HSSHR: Hospital for Special Surgery 
Knee/Hip Replacement Expectations survey. 
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Follow-up

Follow-up procedures will be identical for both study groups (see Figure 1). Time points T4 and 
T5, two days and six weeks postoperatively, consist of  limited sets of  pain-related questionnaires 
(see Table 1). At T4, questionnaires will be collected at the ward and at T5 at the outpatient clinic 
during the regular appointment with their orthopaedic surgeon. When collection at the hospital 
is not possible, the subject will receive the set of  questionnaires by mail, to be filled in and sent 
back. Time points T6 and T7, 6 and 12 months postoperatively, will consist of  the full set of  
questionnaires (see Table 1), which participants will receive by mail and have to send back.

Criteria for withdrawal 

Subjects have the right to withdraw at any point during treatment without prejudice. The 
investigator or regulatory authority can discontinue a subject’s participation in the trial at any 
time if  medically or otherwise necessary. It is not advisable to discontinue duloxetine treatment 
abruptly, especially when taking 60mg/d. A subject who wishes to discontinue must contact the 
investigator to obtain discontinuation advice. 

Adverse events (AEs) and data safety monitoring 

All adverse events reported spontaneously by the subject or observed by the investiga¬tors or staff 
will be recorded. In case of  a serious adverse event (SAE), the sponsor will report the SAE to the 
accredited medical ethics committee. Since every subject will undergo elective total hip or knee 
arthroplasty (THA/TKA), this potential SAE will not be seen as an SAE and this procedure and the 
related hospitalisation will not be reported as SAE. However, prolonged hospitalisation (>14 days) 
will be reported as SAE. Re-hospitalisation (for any reason) will also be reported and handled as 
a SAE. Suspected unexpected serious adverse reactions (SUSARs) will be reported to the medical 
ethics committee and. All AEs will be followed until they are gone, or until a stable situation 
has been achieved. The sponsor decided (approved by the medical ethics committee), based on 
the standards set by national regulations (NFU standards)(59) that no Data Safety Monitoring 
Board (DSMB) will be installed, as the risk profile of  duloxetine is well-known and duloxetine is 
already registered as an analgesic agent in the US by the Food and Drug Administration (FDA) 
for use within OA patients(55). However, if  more than one SUSAR is observed, contact will be 
sought with the medical ethics committee to re-evaluate the study. No additional subjects will 
be included during the re-evaluation period. The conduct and management will be monitored 
by an independent trained and educated monitor. Based on the negligible risk profile, minimal 
monitoring is required (according to the NFU standards)(59): one site visit per year). 

Outcome measures 
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The following characteristics will be retrieved from patient questionnaires, physical examination, 
hospital information system or medical records.

Patient characteristics

Gender, age, patient-reported height (cm) and weight (kg), family status, highest reached level 
of  education, duration of  osteoarthritis pain symptoms, American Society of  Anesthesiologists 
classification, Kellgren-Lawrence grade, previous joint procedures or injury, number of  painful 
joint/body regions, comorbidities, smoking and alcohol consumption, and pain medication 
consumption. 

Arthroplasty related characteristics 

Method of  anaesthesia, type of  arthroplasty, surgical approach, postoperative analgesic 
consumption and arthroplasty-related complications. 

Safety parameters 

(Severe) adverse events, vital signs (blood pressure, pulse), and clinical laboratory testing.

Primary outcome

Primary outcome is the amount of  residual pain 6 months after THA/TKA. The amount of  
(residual) pain will be measured with the pain subscale of  the Hip disability and Osteoarthritis 
Outcome Score (HOOS) or the Knee injury and Osteoarthritis Outcome Score (KOOS). These 
Dutch questionnaires are proven to be valid and reliable(35,36). The key postoperative time-point 
6 months was chosen as this is in practice considered as the first possible time-point to evaluate the 
“success” of  the arthroplasty.

Secondary outcomes

Secondary objectives are to determine the effect at different pre- and postoperative follow-up time 
points (see Table 1) on pain, neuropathic pain like symptoms, pain catastrophizing, joint associated 
problems, physical activity, health-related quality of  life, depressive and anxiety symptoms, 
perceived improvement and arthroplasty-related expectations. These outcomes will be assessed 
by means of  several questionnaires at multiple follow-up time points (see Table 1). In addition 
to questionnaires, Quantitative Sensory Testing (QST) will be performed at several preoperative 
time points to asses pain and sensitization. Two QST modalities will be used: mechanical temporal 
summation (MTS) and blunt pressure pain thresholds (PPTs). Assessment will be performed at 
two locations, one close to the affected hip/knee and one at a location remote from the affected 
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hip/knee (contralateral forearm)(60). These two QST modalities will be executed by the local 
researcher. The researcher follows a standard operating procedure (SOP), based on the DFNS-
QST protocol(61). Multiple OA-studies made use of  segments of  this protocol (or nearly identical 
procedures)(50,51,62,63).

1) Mechanical Temporal Summation (MTS):

MTS, a wind-up like pain to repetitive non-invasive mechanical stimulation, is a clinical manifestation 
of  central integration and is believed to be a sensitive measure of  central sensitization(63,64). The 
perceived intensity of  a single pinprick stimulus (Optihair2 von frey filament 256mN, Marstock 
Nervtest, Germany) will be compared with that of  a series of  10 repetitive stimuli at the same 
physical intensity (1/s applied within an area of  1 cm2). The entire procedure will be repeated 
three times. The wind-up ratio is calculated as the ratio: mean rating of  the three series divided by 
the mean rating of  the three single stimuli. 

2) Blunt Pressure Pain Thresholds (PPT))

An algometer (Force Ten TM FDX 25 Digital force gage, Wagner, instruments, Greenwich, CT, 
USA; 1cm2 flat rubber tip) will be used to quantify the pain threshold. PPTs are proven to be 
highly reliable at painful, non-painful and remote body sites(62,65,66). PPTs are considered to be a 
reflection of  peripheral sensitization/nociceptive processes at the site of  the joint(60). At a remote 
site it is considered to reflect systemic altered pain processing/central sensitization(60). The PPTs 
at each site will be assessed three times and the average of  those measurements will be noted.

Handling and storage of  data and documents

Personal data will be handled confidentially. Every subject will receive a unique code, this code 
contains the number of  the hospital (UMCG/MH/MCL) followed by a sequence number. Data 
of  each subject will be collected under this unique code. A unique subject identification list will be 
used to link the data to the subject. The key to the code is safeguarded by the principal investigator. 
All source documents will be entered in an electronic CRF (OpenClinica). The retention period of  
the data and documents is 20 years.

Sample size

Sample-size calculation is performed with HOOS/KOOS pain as primary outcome measure. 
Based on a previous OA study, the common standard deviations for the pain subscale scores of  
the HOOS and KOOS are 17.7 and 17.2 respectively(67). As the smallest change score for the 
KOOS to be considered clinically relevant is 10 points (on a 0-100 scale)(68), power calculation 
is based on this difference. To detect this difference with 80% power (two-sided significance level 
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of  0.05), a total of  47 subjects is needed per group. Taking into account the possibility of  20% 
protocol violators and/or dropouts, inclusion of  59 subjects per group is aimed for (total group: 
118 subjects). It is anticipated that this sample could be obtained between October 2014 and the 
end of  2016.

Statistical considerations

All statistical analyses will be conducted by using IBM® Statistical Package for the Social Sciences® 
(SPSS, version 22). Descriptive statistics will be used to describe the demographic and baseline 
characteristics of  the subjects. Continuous variables will be summarised using means and standard 
deviations. Discrete variables will be summarised by proportions and percentages.

For the primary endpoint a Student’s t-test (or a non-parametric equivalent in case of  a skewed 
distribution) will be used to determine possible differences in pain on the KOOS/HOOS at 6 
months postoperatively between the two groups. Generalized Estimating Equation (GEE) analysis 
will be used to determine possible differences in pain between the two groups over time, adjusted for 
relevant covariates. For the secondary endpoints Student’s t-tests (or a non-parametric equivalent in 
case of  a skewed distribution) will be used to determine possible differences in secondary outcome 
variables at multiple follow-up time points (see Table 1) between the two groups. GEE analyses will 
be used to determine possible differences in secondary outcome variables between the two groups 
over time, adjusted for relevant covariates. All data analyses will be done on an intention-to-treat 
basis. A P-value of  < 0.05 is considered statistically significant. 

Ethics and Dissemination

This study is approved by the local Medical Ethics Committee (METc 2014/087) and will be 
conducted according to the principles of  the latest Declaration of  Helsinki, the Medical Research 
Involving Human Subjects Act (WMO) and the Good Clinical Practice standard (GCP). The 
study is investigator-initiated. No arrangements are made between the subsidising party and the 
investigator concerning publication of  the research data. Independently of  the outcome, the 
results of  the study will be published in international peer-reviewed scientific journals. Patient data 
will be presented anonymously in any publication or scientific journal. All substantial amendments 
(modification to the protocol that is likely to affect the safety or the scientific value of  the trial) will 
be notified to the local METc and to the competent authority (CCMO).  

Discussion

The Duloxetine in Osteoarthritis study (DOA study) is, as far as we know, the first pragmatic 
randomized controlled clinical trial assessing the preoperative as well as the early and late 
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postoperative effects of  a substantial preoperative targeted duloxetine regimen. To date, only one 
study has assessed the early and late postoperative effects of  a single- or dual-dose perioperative 
duloxetine regimen in a TKA patient group(69). In this study no significant differences on pain 
scores were observed up to 6 months postoperatively between two perioperative 60mg doses of  
duloxetine and placebo. Our study differs significantly from this and other studies that focus 
on diminishing the risk of  residual pain. Firstly, in this study only patients will be included that 
are probably at a higher risk for developing residual pain, based on having a higher chance of  
experiencing preoperative CS. This entails a more tailored approach, as we think not all preoperative 
OA patients are centrally sensitized (CS) and could benefit from atargeted preoperative treatment 
package. Secondly, in general, previous studies on residual postoperative pain are based on the 
theory(70,71) that surgery-induced tissue injury and acute postsurgical pain probably results in 
CS and residual pain, whereas our study is based on the theory that the preoperative centrally 
sensitized (CS) status induced by long-lasting OA is key, and as a consequence should be addressed 
preoperative instead of  peri/postoperative. Furthermore, we believe that our chosen pragmatic 
trial design has validity to assess the effects of  the treatment regimen, as it mimics real-life status 
with a care-as-usual control group as much as possible. Moreover, the endpoints of  this pragmatic 
RCT are focused on the relevancy to everyday life, like hip- and knee-specific pain, function 
and quality of  life. For these reasons, pragmatic randomized trials are an increasingly popular 
design to test implementation interventions(72). Conversely, due to the design used it will not be 
possible to analyse the direct effect of  the duloxetine substance but rather the effect of  the total 
targeted treatment package. Hence this study is powered for the effect measured in the total group; 
only limited hip-/knee-specific conclusions can be drawn. No significant group differences are 
anticipated due to the shared underlying pain mechanism though. Knowledge gained from this 
study can potentially improve postoperative pain relief  and rehabilitation after TJR. Moreover, due 
to an extensive preoperative treatment period, it could provide specific insight into the effectiveness 
of  duloxetine in advanced hip and knee OA patients with possible NP/CS.
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Abstract
Up to 23% of patients after Total Hip Arthroplasty and up to 34% after Total 
Knee Arthroplasty experience chronic residual pain leading to declining patient 
satisfaction, functioning, and quality of life. A key predictor for developing 
chronic residual pain after Total Joint Arthroplasty (TJA) is sensitization. Up to 
19% of patients with hip osteoarthritis (OA) and 19-37% of patients with knee OA 
experience signs of sensitization. It is plausible that targeted treatment, aimed at 
desensitization prior to surgery, will reduce chronic residual pain. 

To investigate the effects of pre-operative treatment of sensitized hip/knee OA 
patients with duloxetine on postoperative chronic residual pain up to one year after 
TJA.

A multi-centre, pragmatic, prospective, randomized clinical trial was conducted 
including patients with primary hip/knee OA with signs of sensitization who were 
planned	for	TJA.	Pre-operative	treatment	of	seven	weeks	with	60	mg	of	Duloxetine	
was compared to usual care. Outcome measures were the Pain Subscale of the 
Knee injury and Osteoarthritis Outcome Score (KOOS) or the Hip disability and 
Osteoarthritis Outcome Score (HOOS) with a 0-100 scale, Visual Analogue 
Scales,	 and	 neuropathic-like	 pain	 measured	 using	 the	 modified	 PainDETECT-
Questionnaire. Longitudinal data collection included time points at six weeks, six 
months, and one year post-operatively. Data analysis included a mixed model for 
repeated measures.

111 participants were included. The mean change in KOOS/HOOS pain subscale 
was	37	(SD	28.1)	 in	the	intervention	group	and	43	(SD	26.5)	 in	the	control	group.	
No	statistically	 significant	difference	was	 found	 in	change-score	six	months	after	
TJA between both groups (p=0.280). Within the intervention group, 12 patients 
discontinued duloxetine due to Adverse Events (AE), constituting 21% of the 
intervention group.

Pre-operative targeted treatment with duloxetine in end-stage hip and knee 
OA	patients	with	sensitization	does	not	seem	to	 influence	postoperative	chronic	
residual pain after arthroplasty.
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Introduction

Total Hip and Knee Arthroplasty (THA/TKA) are among the most performed surgical 
procedures in Orthopaedic Surgery. They are considered successful and cost effective in patients 
with severe Osteoarthritis (OA)(1,2). Projections show that the number of  performed procedures 
will dramatically rise in the future and that increasingly younger patients will receive surgery(3–6). 
In light of  this, the high prevalence of  residual pain after total Hip and Knee Arthroplasty must 
be considered a highly relevant problem. Up to 23% of  patients after THA and up to 34% after 
TKA experience chronic residual pain(7) which leads to declining patient satisfaction, functioning, 
and quality of  life(8–11).

Numerous studies have demonstrated that pain in OA is a highly complex phenomenon in 
which both intra-articular and extra-articular mechanisms seem to be involved(12,13). Among 
these mechanisms is the modification of  pain transmission in both the peripheral and central 
nervous system. These nociplastic processes lead to sensitization of  the pain pathways. A number 
of  mechanisms have been described leading to sensitization, among which modulation of  the 
inhibitory descending control pathways of  the central nervous system seems to play an important 
role(14,15). Sensitization in OA expresses itself  through neuropathic-like symptoms such as 
allodynia, hyperalgesia, and spreading of  the pain. Signs of  sensitization seem to be one of  the key 
predictors for poorer outcome after Total Joint Arthroplasty (TJA), especially for chronic residual 
pain(16–20). Up to 19% of  patients with hip OA and 19-37% of  patients with knee OA experience 
signs of  sensitization and are therefore at higher risk of  developing chronic residual pain after 
TJA(14,15,21–32).

As sensitization in OA is an important risk factor for development of  chronic residual pain after 
THA/TKA it is plausible that targeted treatment, for example with neuromodulating medication, 
aimed at desensitization prior to surgery will reduce (the risk of) chronic residual pain. Duloxetine, 
a selective serotonin and norepinephrine re-uptake inhibitor, influences the descending inhibitory 
control pathways of  the central nervous system. Recent meta-analysis show that duloxetine 
has a positive effect on pain in OA patients(33–40). Moreover, a recent study shows that the 
use of  duloxetine during the peri-operative period (1 day before up to 6 weeks after surgery) of  
sensitized knee OA patients has positive effects on pain up to 12 weeks postoperatively(38). To 
our knowledge, it is unknown whether this beneficial effect is also present in long term follow-
up. By specifically selecting OA patients with signs of  sensitization, rather than the general knee 
and hip OA population, it will be possible to make a better assessment of  the effectiveness of  
desensitization prior to THA/TKA on the development of  chronic residual pain. Also, taking 
into account possible adverse effects of  duloxetine treatment it is prudent to select the subgroup 
of  patients likely to benefit from this treatment Lastly, the effect of  duloxetine on pain in OA 
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patients has solely been investigated in comparison to placebo. To assess the clinical relevant effect 
of  duloxetine in OA patients it is of  added value to compare to usual care rather than placebo. 

Therefore, aim of  this study is to investigate the effect of  preoperative treatment of  sensitized hip 
and knee OA patients with duloxetine on postoperative chronic residual pain up to one year after 
TJA. 

Methods

Design 

A multi-centre, pragmatic, prospective, open-label, randomized clinical trial registered in the 
Netherlands national Trial Register on August-15-2014 (trial ID NTR4744). Participating hospitals 
were University Medical Center Groningen (UMCG), Martini Hospital Groningen, and Medical 
Center Leeuwarden. A detailed description of  the study design was published earlier(41). The 
study was approved by the Medical Ethics Committee of  UMCG (2014/087). The procedures 
followed were in accordance with the ethical standards of  the responsible committee on human 
experimentation and with the Helsinki Declaration of  1975, as revised in 2000.

Participants

Patients were recruited between December 2014 and June 2018. The recruitment period ended as 
soon as the aimed sample size was achieved. During the study period, all patients with primary hip 
or knee OA who were planned for THA or TKA were screened using a self-report questionnaire for 
neuropathic-like pain symptoms in hip and knee OA, the modified PainDETECT Questionnaire 
(m-PDQ)(42–45). If  patients reported a neuropathic or at least a mixed neuropathic/nociceptive 
pain phenotype (m-PDQ scores >12.0), and were eligible considering the exclusion criteria, they 
were invited for participation. Patients received oral and written information, and 2 weeks of  
consideration time. Patients willing to participate were invited for a visit to the outpatient clinic 
of  their Orthopaedic Department where the last safety-related exclusion criteria were ruled out 
based on laboratory testing and physical examination. Exclusion criteria comprised of  surgical 
hip or knee joint procedures in the past year; intra articular hip/knee injection/arthroscopy in the 
past 3 months; cognitive or neurological disorders that could strongly interfere with questionnaire 
surveys; a history of  significant peripheral nerve injury; serious or unstable (mental) medical 
conditions that could possibly interfere with study participation; intended THA/TKA to another 
joint within the study period; previous exposure to duloxetine or a medical contra-indication for 
the usage of  duloxetine. Patients who complied to the in- and exclusion criteria and still willing 
to participate, provided written informed consent and their visit to the outpatient clinic extended 
into the baseline visit.



104

Beyond the Joint

Non-eligibility and disinclination to participation

The main reasons for non-eligibility were duloxetine-related exclusion criteria. By far the 
most reported reason for declining was the time investment and practical/logistical burden 
that participation in the study required. Also, disinclination to taking duloxetine and having to 
relinquish the option of  another TJA within the 1 year follow-up period were major reasons not 
to participate in the study.

Randomization

After informed consent randomization took place. The ALEA online randomisation program 
(ALEA, FormsVision, Abcoude, the Netherlands) localised on the secured servers of  the local Trial 
Coordination Centre of  the UMCG was used. Participants were stratified on location (hip or knee) 
of  arthroplasty to be performed.

Procedure 

During the baseline visit, demographic information, patient characteristics and medical history 
were collected using patient records, and all patients received their first set of  questionnaires. 
During the pre-operative period, follow-up time points took place two weeks and eight weeks 
after baseline. At these time points, patients in the intervention group visited the outpatient clinic. 
During these visits, adverse effects (AEs) were assessed. Additionally, patients received a set of  
questionnaires during these follow-up visits. Patients in the care as usual group received identical 
sets of  questionnaires by mail at the same time points.

One day prior to surgery all participants from both study groups were visited in the hospital 
and received a set of  questionnaires. Participants from the intervention group were assessed for 
any discontinuation symptoms. Surgery and the postoperative recovery process were performed 
following the local protocol. No study related measures were needed. Postoperative, all participants 
of  both study groups received identical sets of  questionnaires by mail at 48 hours (only Visual 
Analogue Scales and m-PDQ), 6 weeks, 6 months and 12 months after surgery in order to assess 
the effect of  the duloxetine treatment on the endpoints in different follow-up stages.

Intervention

Patients randomized for the intervention group received duloxetine added to their usual care 
during a pre-operative period of  10 weeks. The recommended dosage of  duloxetine for chronic 
musculoskeletal pain is 60 mg per day when considering maximal effectiveness and minimal 
side-effects 46. Based on previous studies a 7 week treatment period with 60 mg per day was 
considered sufficient to establish a relevant effect on pain(47,48). In order to reduce side-effects 
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and discontinuation symptoms treatment was started at 30 mg per day in the first week followed 
by the 7 weeks  daily 60 mg treatment period. Afterwards usage was tapered with reduction to 
30 mg daily for 2 weeks before actual quitting of  the study medication, thus bringing the total 
intervention period to 10 weeks prior to surgery.  For safety reasons patients received their study 
medication in 3 different batches during outpatient visits at baseline, at two weeks and at eight 
weeks of  the intervention period. For safety reasons regarding possible influence of  duloxetine 
on platelet function, there was a window of  5-8 days between ending of  the duloxetine treatment 
period and surgery. 

Usual Care

Patients in the usual care group received regular preoperative care following local protocol, without 
imposed procedures. No restrictions were imposed on the usage of  escape pain medication in 
either study group, with one exception, the usage of  agents specifically targeted on neuropathic 
pain, like gabapentinoids.

Measurement instruments

The primary study endpoint is the difference in hip- or knee specific postoperative pain, 6 months 
after surgery, assessed with the Pain Subscale of  the Knee injury and Osteoarthritis Outcome 
Score (KOOS) or the Hip disability and Osteoarthritis Outcome Score (HOOS). 

Secondary study endpoints included: 

1. the effect of  treatment on general pain relief  measured using a Visual Analogue Scale (VAS); 

2. relief  of  neuropathic-like pain measured using the modified PainDETECT-Questionnaire 
(m-PDQ); 

3. relief  of  the abovementioned pain scores  at different time-points up to 1 year post-operatively.

KOOS/HOOS

The KOOS and the HOOS are self-administered, disease-specific questionnaires designed to assess 
patients’ opinion about their knee or hip symptoms and associated problems. Both scores consist 
of  five subscales: Pain, other Symptoms, Activities of  Daily Living (ADL), Sport and Recreational 
function, and hip/knee related Quality of  Life (QOL). Answers are given on a 0-4 Likert scale. 
For each subscale a normalized 0-100 score is calculated. These 0-100 scores were transformed so 
that 0 represents extreme symptoms and 100 represents no symptoms. To our knowledge, there 
is no validated cut-off score on the KOOS/HOOS pain subscale indicating categories of  light, 
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moderate, or severe pain. We considered a KOOS/HOOS pain subscale score of  <70 points 
as moderate to severe pain. The validity and reliability of  the Dutch version of  the KOOS and 
HOOS has been assessed quite extensively in previous literature(13,49,50). Missing items in the 
KOOS/HOOS were imputed according to the KOOS/HOOS manual(51,52).

Dutch Modified PainDETECT Questionnaire (m-PDQ)

The m-PDQ is a self-administered questionnaire consisting of  12 items on neuropathic pain 
symptoms in the left/right knee or hip during the past week. The first item concerns the presence 
of  pain radiation using a body map. The second item concerns pain patterns, where patients 
have to choose between four figures representing distinctly described (and visually illustrated) pain 
patterns. Seven items concern pain quality on a 0-5 Likert scale, 0 representing ‘never’ and 5 
representing ‘very strongly’. These items concern burning sensation, tingling or prickling sensation, 
pain at light touch, sudden pain attacks, pain at cold or warm stimulus, numbness and pain at light 
pressure, respectively. The total score ranges from -1 to 38 points. Analogously to the original 
PainDETECT Questionnaire, a score of  ≤12 indicates a nociceptive pain profile, a score of  13-
18 a possible neuropathic pain profile, and a score ≥19 a likely neuropathic pain profile(43,53). 
m-PDQ scores >12.0 were associated with greater odds of  having signs of  sensitization. Correcting 
for age, knee OA patients with m-PDQ scores >12.0 were almost six time more likely to have signs 
of  sensitization (on Quantitative Sensory Testing) than those with scores ≤12(43). Furthermore, 
Gwillym et al. found significant positive correlations between PainDETECT scores and functional-
MRI activity indicating central sensitization within hip OA patients(14). The Dutch version of  the 
m-PDQ is considered to be a reliable and valid self-report instrument in patients with hip and knee 
OA(44,45).

Visual Analogue Scale Pain (VAS pain)

Visual Analogue Scales (VAS) are widely used to measure pain. Patients place a marking on a 
100-mm horizontal line that represents their pain. The left ending of  the line represents ‘no pain 
at all’ and the right ending ‘worst pain imaginable’. The distance between the marking and the 
left ending of  the line is measured in whole millimetres and represents the pain score. Patients 
were asked to note their present pain status and their mean pain status over the last week; at 
rest (VAS-R: defined as pain in rest while sitting, standing or lying down) and during movement 
(VAS-M defined as pain during regular walking). VAS have been reported as valid and reliable 
measures for the intensity of  pain(54).
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Statistical Analysis 

Sample Size Calculation

Sample size calculation was based on the primary endpoint: change in the KOOS/HOOS pain 
subscale. According to literature, the pre-operative mean (SD) Pain Subscale scores for the KOOS 
and HOOS are 35.9 (17.2) and 32.7 (17.7) resp. and the minimally clinical important difference is 
10 points(55). To detect a difference with 80% power (significance level, two-sided, of  0.05), a total 
sample size of  47 participants per group was needed. A 20% rate of  protocol violators/dropouts 
was taken into account leading to an aimed sample size of  118 participants.

Descriptive Statistics

Statistical analyses were performed using IBM SPSS Statistics for Windows (version 22.0, Armonk, 
NY: IBM Corp.). Descriptive statistics were used to report patient characteristics, using mean and 
standard deviation or median and percentiles in case of  continues variables, based on normality 
assessment by histogram. For normally distributed data, differences between treatment groups was 
assessed using an independent samples student T-test. For non-normally distributed data a Mann-
Whitney U test was performed. For discrete data proportions and percentages were described 
and differences between treatment groups were assessed using a Chi-Square test. In case of  a 
participants’ discontinuation of  the study, all data obtained up to discontinuation was analysed 
according to the intention to treat-principle. All participants with at least one measurement after 
baseline were included in the study analyses.

Statistical analysis

For the primary endpoint, an independent samples students’ T-test was performed (or a non-
parametric equivalent in case of  a skewed distribution). Additionally, a more sophisticated 
analysis was performed to the longitudinal data to determine whether there is a difference in 
the development of  pain over time between both groups. A mixed model for repeated measures 
was constructed including, time, treatment-allocation, and baseline KOOS/HOOS pain scale. 
A variable was added differentiating between preoperative and postoperative time points (coded 
0 or 1 for pre- and postoperative time points resp.) thereby creating a piece-wise analysis. This 
way the post-operative effect of  duloxetine treatment could be distinguished whilst including the 
data from all time points. Apart from baseline KOOS/HOOS pain subscale, interaction terms 
between this piece-wise variable and all other separate variables were added as well as a three-way 
interaction term between time, treatment and the ‘piece-wise’ variable. A random intercept was 
added for individual subjects. The model was designed based on the best fit, Schwartz’s Bayesian 
Information Criterion was 4976.818 and Akaike Corrected Information Criterion was 4968.141. 
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Once the model was constructed for the HOOS/KOOS pain scale, it was also be applied to the 
other pain outcome measures (VAS-R, VAS-M, m-PDQ). 

As a subanalysis, another mixed model for repeated measures was constructed adding a fixed 
variable for joint to the abovementioned model. In this way, the difference explained by whether 
the hip or knee was the affected joint could be taken in consideration. In addition to the variable 
‘joint’ interaction terms were added between the variables joint, time, the piece-wise variable, and 
treatment allocation. Also, a three-way interaction term between time, treatment allocation and 
joint was added. Considering the fit of  this model, the Akaike Corrected Information Criterion 
improved to 4839.136, and the Bayesian Information Criterion improved to 4847.770. 
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Table 1. Demographics and baseline characteristics

Characteristics Total (111) Intervention (57) Control (54) P-value

Age 62.7 (8.5) 61.5 (8.1) 64.0 (8.7) 0.114

Gender (female) 69 (62.2) 38 (66.7) 31 (57.4) 0.334

Cohabitation (n=110) 84 (76.4) 43 (76.8) 41 (75.9) 0.999

Education 0.768

Higher 44 (39.6) 23 (40.4) 21 (38.9)

Secondary 59 (53.2) 29 (50.9) 30 (55.6)

No or Lower 8 (7.2) 5 (8.8) 3 (5.6)

BMI 28.9 (4.5) 28.8 (5.0) 29.0 (3.9) 0.874

Smoking 21 (18.9) 15 (26.3) 6 (11.1) 0.053

Knee 61 (54.9) 31 (54.4) 30 (55.6) 0.999

Duration of  pain symptoms (mos) 42 (18; 7) 48 (22.5; 90) 36 (16; 66.8) 0.312

Past Surgery in Index Joint 59 (53.2) 30 (52.6) 29 (53.7) 0.999

ASA score (n=110) 0.169
I 34 (30.9) 19 (33.9) 15 (27.8)
II 67 (60.9) 31 (54.4) 37 (68.5)
III 9 (8.2) 7 (12.5) 2 (3.7)

KL grade 0.167

II 23 (20.7) 8 (14.0) 15 (27.8)

III 82 (73.9) 45 (78.9) 37 (68.5)

IV 6 (5.4) 4 (7.0) 2 (3.7)

KOOS/HOOS (0-100)

Pain 34.4 (13.8) 38.1 (14.0) 30.6 (12.7) 0.004

Symptoms 42.3 (16.8) 43.4 (18.7) 41.1 (14.6) 0.471

ADL 40.2 (14.9) 41.7 (15.2) 38.6 (14.6) 0.270

QOL 23.5 (13.4) 25.4 (13.8) 21.4 (12.8) 0.114

mPDQ (-1-38) 15.8 (4.6) 15.6 (4.7) 16.0 (4.6) 0.659

VAS-R (110) 52.6 (22.6) 46.6 (24.8) 58.7 (18.2) 0.004

VAS-M (111) 69.5 (16.4) 68.1 (15.6) 71.1 (17.2) 0.337

Dichotomous/categorical N(%), ChiSquare test. Continues, normally distributed mean (SD), student T test 
(Normality tested by histogram). Continues, not normally distributed median (Q1; Q3), Mann-Whitney U 
test.
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Results

Screening took place over a total number of  3402 patients of  which 34.1% of  patients had a 
possible or likely neuropathic pain profile, indicating sensitization. Of  this screened population, 
725 patients were eligible and therefore invited to participate in the study. See figure 1 for the flow-
chart of  the screening and inclusion process. Eventually, 112 patients consented to participate. 
These patients did not differ from non-participants in mean m-PDQ-score (p=0.999) and the ratio 
of  hip and knee patients (p=0.184). On average, participants were older than non-participants 
(mean difference: 5.2 year; p<0.0001) and more often of  the male gender (38% males among 
participants vs 28% males among non-participants; p=0.031).

One patient failed to pass the baseline screening due to a low sodium level. Therefore, 111 patients 
were included in the study. Baseline characteristics are shown in table 1. Slightly more females 
(62.2%) participated and the average participant was 62.7 (SD 8.5) years old. The median duration 
of  symptoms was 42 months (IQR 18-72). After randomization, 57 patients were placed in the 
intervention group and 54 in the control group. Despite randomization, there were significant 
differences in baseline HOOS/KOOS pain subscales (38.0 ± 14.0 vs 30.6 ± 12.7; P=0.004) and 
mean VAS at rest (46.6 ± 24.8 vs 58.7 ± 18.2; p=0.004). Concurrent back pain was reported by 

Table 2. Mean scores and standard deviations of  the pain outcome scores

Preoperative Postoperative

Baseline After 
7 wks 
targeted 
Tx

6 wks after 
arthro-
plasty

6 mos 
after 
arthro-
plasty

12 mos 
after 
arthro-
plasty

KOOS/HOOS Intervention 38 (14.0) 46.3 (17.1) 65.8 (20.3) 77.3 (24.2 82.3 (19.4)

Pain subscale Control 30.6 (12.7) 33.6 (12.0) 65.5 (23.7) 73.7 (24.1) 79.2 (23.1)

mPDQ Intervention 15.6 (4.7) 11.7 (5.9) 10.2 (6.9) 6.8 (7.1) 4.5 (6.4)

Control 16.0 (4.6) 15.5 (4.8) 9.5 (7.4) 7.5 (7.0) 5.3 (6.5)

VAS-R Intervention 46.6 (24.8) 39.8 (23.7) 18.8 (17.6) 18.4 (21.8) 10.3 (13.4)

Control 58.7 (18.2) 57.5 (17.4) 24.1 (26.1) 17.9 (21.7) 18.1 (24.7)

VAS-M Intervention 68.1 (15.7) 53.6 (24.0) 29.7 (22.0) 22.8 (24.7) 17.0 (21.0)

Control 71.1 (17.2) 70.7 (13.9) 27.7 (26.6) 23.2 (24.9) 20.7 (26.3)

Mean (SD) scores of  the KOOS/HOOS Painsubscale, mPDQ, and VAS at rest and during movement for 
the treatment groups separately. Intervention group N=57, control group n=54. Ranges: KOOS/HOOS 
pain subscale 0-100; mPDQ -1 – 38; VAS-R 0-100; VAS-M 0-100.
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Figure 2. Course of  KOOS/HOOS pain subscale per treatment group based on the mixed model for 
repeated measures using a piece-wise design.

11.9% of  participants (7.3% vs 16.7% for the intervention vs control group resp., p=0.151). The 
incidence of  other pain conditions (migraine, irritable bowel syndrome, fibromyalgia, and chronic 
neck pain) was below 10%, with no significant differences between the groups.

Postoperative Pain

Table 2 presents the mean scores and standard deviations of  the pain outcome scores on different 
postoperative time points.  Baseline scores and scores after 7 weeks of  targeted preoperative 
treatment are also included in the table.

The KOOS and HOOS pain subscales showed a skewed distribution 6 months after surgery. 
The median KOOS/HOOS pain scale was 86.3 (IQR 64.6-95) in the intervention group 
and 80.6 (IQR 57.5 – 92.5) in the control group. Due to the significant difference in KOOS/
HOOS pain subscales at baseline, the change in scores between KOOS/HOOS pain scales six 
months postoperatively and at baseline was assessed. The mean change was 37.0 (SD 28.1) in the 
intervention group and 43.3 (SD 26.5) in the control group. No statistically significant difference 
was found in change-score 6 months after TJA between both groups, p=0.280.

Based on the mixed model for repeated measures as described above, table 3 presents the estimated 
means and vdifferences in pain on different time points between treatment groups, and figure 2 
shows the course of  the KOOS/HOOS pain subscale over different time points for both groups.



112

Beyond the Joint

Table 3. Estimated means (95% CI) and Estimated Difference (95% CI) based on the mixed 
model for repeated measures using a piece-wise design. 

Intervention (57) Control (54) Estm. 
Difference

Sign.

Preoperative

After 7 wks 
targeted 
Tx

KOOS/HOOS-p 44.0 (18.3-69.7) 35.7(10.1-61.4) 8.3 (1.3-15.3) 0.021

mPDQ 12.1 (3.1-21.0) 15.1 (6.2-24.0) 3.0 (0.5-5.6) 0.018

VAS-R 42.1 (12.1-72.1) 55.2 (25.2-85.1) 13.0 (4.8-21.2) 0.002

VAS-M 55.5 (24.5-86.5) 68.8 (37.9-99-8) 13.3 (4.9-21.8) 0.002

Postoperative

6 wks after 
arthro-
plasty

KOOS/HOOS-p 63.4 (37.7-89.1) 67.6 (41.9-93.4) 4.3 (-3.0-11.5) 0.248

mPDQ 10.7 (1.7-19.6) 9.1 (0.2-18.1) 1.5 (-1.1-4.2) 0.251

VAS-R 21.3 (-8.7-51.4) 21.8 (-8.2-51.8) 0.5 (-8.0-8.9) 0.914

VAS-M 31.7 (0.7-62.7) 25.9 (-5.1-56.8) 5.8 (-2.8-14.5) 0.187

6 mos after 
arthro-
plasty

KOOS/HOOS-p 74.5 (48.8-100.2) 76.0 (50.3-101.7) 1.5 (-5.8-8.8) 0.690

mPDQ 7.2 (-1.7-16.1) 7.1 (-1.8-16.02) 0.1 (-2.5-2.6) 0.952

VAS-R 21.4 (-8.6-51.4) 15.5 (-14.5-45.5) 5.9 (-2.6-14.4 0.173

VAS-M 25.3 (-5.7-56.3) 21.3 (-9.7-52.2) 4.0 (-4.8-12.8) 0.370

12 mos 
after 
arthro-
plasty

KOOS/HOOS-p 79.8 (54.1-105.5) 81.6 (55.9-107.3) 1.8 (-5.5-9.1) 0.623

mPDQ 4.9 (-4.0-13.9) 4.9 (-4.0-13.8) 0.1 (-2.5-2.6) 0.967

VAS-R 12.9 (-17.1-43.0) 15.7 (-14.3-45.7) 2.8 (-5.7-11.3) 0.518

VAS-M 19.1 (-11.9-50.2) 18.7 (-12.2-49.7) 0.4 (-8.3-9.1) 0.929

Abbreviations: KOOS/HOOS-p: KOOS/HOOS Pain subscale. Ranges: KOOS/HOOS pain subscale 

0-100; mPDQ -1 – 38; VAS-R 0-100; VAS-M 0-100.

Sub analysis mixed model for repeated measures including joint as a fixed 
variable.

The study group consisted of  61 knee OA patients and 50 hip OA patients. Table 4 presents 
Estimated means and Difference based on the mixed model for repeated measures using a piece-
wise design including joint as a fixed variable. Figure 3 shows the course of  the KOOS/HOOS 
pain subscale for the different treatment groups based on the mixed model for repeated measures 
including joint groups.
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Chronic residual pain

When looking at proportions of  patients with moderate chronic residual pain, at 6 months after 
surgery, 32.6% of  the intervention group and 31.9% of  the control group scored a KOOS/
HOOS pain scale < 70 points. This percentages decreased to 27.3% and 31.3% at 12 months after 
surgery for the intervention group and control group resp. When looking at hip and knee patients 
separately, 14.3% of  the hip patients and 47.1% of  the knee patients had a KOOS/HOOS pain 
scale <70 points 6 months after arthroplasty. Twelve months after arthoplasty this was 19% for hip 
patients and 38% for knee patients. 

Figure 3. Course of  KOOS/HOOS pain subscale per treatment group for hip- and knee patients.
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Loss to Follow-up, Protocol violations, Adverse Events, and Missing Data

Within the intervention group, 12 patients discontinued duloxetine due to Adverse Events (AE), 
constituting 21.1% of  the intervention group. In 6 of  these cases no following time points were 
retrieved after discontinuation and these patients were consequently lost to follow-up. There 
were some other losses to follow-up, as shown in figure 1., which constitute approximately 5% 
of  participants. There were 10 registered protocol violations, 9 of  which constituted of  another 
TJA within the year of  follow-up (2 in the intervention group vs 7 in the care as usual group). 
These patients all remained in the study up to 1 year follow-up. Three patients discontinued the 
study during the postoperative follow-up period due to Serious Adverse Events not related to the 
intervention, all three patients were included in the intervention group. Additionally, one patient 
suffered from postoperative infection after TKA and underwent extensive additional treatment 
involving surgery and antibiotic treatment. However, this patient remained in the follow-up process 
up to the end of  the study. Another patient suffered from aseptic loosening of  the tibial component 
after TKA. This patient also remained in the study up to the last follow-up time point. Later on this 
patient received revision surgery. Both these patients were part of  the intervention group. Apart 
from the abovementioned discontinuations, some patients did not return their questionnaires on 
all follow-up time points (despite a reminder by telephone and/or mail). Complete follow-up of  all 
post-operative time points up to 1 year after surgery was retrieved in 92 cases (82.9%).

Table 4. Estimated means (95% CI) and Estimated Difference (95% CI) on the mixed model for 
repeated measures using a piece-wise design with joint as a fixed variable.

KOOS/HOOS -p Intervention (57) Control (54) Estm. Difference Sign.

After 7 wks 
targeted Tx

Hip 39.9 (14.0-65.7) 38.0 (12.3-63.7) 1.8 (-8.0-11.7) 0.714

Knee 47.2 (21.6-72.8) 33.9 (8.3-59.5) 13.3 (4.4-22.3) 0.004

6 wks after arthro-
plasty

Hip 70.8 (45.1-96.6) 78.0 (52.2-103.9) 7.2 (-3.0-17.4) 0.165

Knee 56.5 (30.7-82.2) 60.0 (34.4-85.6) 3.6 (-5.8-12.9) 0.455

6 mos after arthro-
plasty

Hip 82.9 (57.1-108.8) 87.0 (61.2-112.9) 4.1 (-6.1-14.3) 0.432

Knee 66.7 (40.9-92.4) 67.1 (41.5-92.8) 0.5 (-9.1-10.0) 0.924

12 mos after 
arthroplasty

Hip 84.6 (58.8-110.4) 88.8 (63.0-114.7) 4.2 (-6.0-14.4) 0.418

Knee 75.5 (49.8-101.2) 75.9 (50.3-101.5) 0.4 (-9.0-9.8) 0.936

Abbreviations: KOOS/HOOS-p: KOOS/HOOS Pain subscale
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Figure 1. Flow-chart of  the screening and inclusion process
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Discussion

In this study, a 7-week pre-operative targeted treatment with duloxetine in a study population of  
end-stage hip/knee OA patients suffering from sensitization did not show an effect on postoperative 
chronic residual pain after THA/TKA. Extensive literature describes the association between signs 
of  sensitization in OA and chronic residual pain after TJA(1,2,7,16–20,22–24,29). Forthcoming 
was the hypothesis that targeted treatment aimed at desensitization prior to surgery would 
reduce chronic residual pain. However, the present randomised clinical trial does not support this 
hypothesis.

Several factors could play a role in our findings. Firstly, if  we were not successful in identifying 
the sensitized subpopulation of  OA patients it is possible that the study population was not as 
‘enriched’ as we anticipated and the treatment effect would be diluted accordingly. However, we 
used a screening questionnaire specifically modified for measuring sensitization in knee- and hip 
OA patients. Previous studies showed a sensitivity and specificity of  50% and 74% resp. for the 
cut-off point of  >12 points (possible sensitization), whereas a cut-off point of  >18 points (likely 
sensitization) showed substantially higher sensitivity and specificity (both 80%)(43,53). However, 
it should be noted that these figures are based only on a small study considering knee OA patients 
and a study performed in a heterogenous group of  patients with low back-pain. We deliberately 
chose the cut-off point for possible sensitization because in OA, it is most likely that patients will 
experience a mixed pain phenotype with nociceptive and neuropathic-like symptoms due to the 
multifactorial pathophysiology of  OA pain(13). A solely neuropathic-like pain experience in OA 
is less likely. Moreover, we found 34.1% of  the screened OA patients had a possible or likely 
neuropathic pain profile, which is in line with literature and thereby increasing the likelihood that 
we identified the target subpopulation(14,15,21–32).

Secondly, if  we were not successful at adequately desensitising patients prior to surgery this could 
explain the lack of  effect on chronic residual pain after TJA. A statistically significant treatment 
effect of  8.3 points (CI 1.3-15.3) was found in the pre-operative treatment phase. However, this 
difference does not seem clinically relevant compared to literature although reports regarding the 
clinically important differences in hip and knee OA patients specifically following conservative 
treatment is scarce(50,56,57). If  the effect of  desensitization is too small to make a clinically 
relevant difference immediately following the treatment phase, this could explain the lack of  effect 
on chronic residual pain after TJA. A detailed analysis of  the treatment effect in the pre-operative 
study period was published earlier(58). As more extensively described in this previous publication, 
effects of  duloxetine found in previous literature are similar to the effect in the present study 
regarding knee OA, although comparison is only possible to a limited extent due to the more 
controlled-nature of  previous studies and only knee OA study populations(33–36,38–40). There 
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is a lack of  studies concerning hip OA patients. Moreover, due to the enriched nature of  the 
present study, a greater effect of  duloxetine could have been expected when comparing to previous 
studies. The applied duloxetine regiment was in accordance with the recommended treatment-
dose based on previous literature although the applied treatment time can be considered relatively 
short compared to literature(33,34,47,48).  Future studies could investigate whether a longer 
pre-operative treatment duration would show more effect on chronic residual pain after TJA. As 
described more extensively previously, the found effect of  duloxetine treatment can be principally 
attributed to the knee OA group of  the study population. No effect of  duloxetine treatment was 
found in the hip OA study population. The cause of  the lack of  effect in the hip OA subgroup 
of  patients can only be speculated(58). Also, for hip OA patients, despite having screened for 
signs of  sensitization, we found a relatively low percentage of  chronic residual pain, 14.3% after 
6 months and 19% after 12 months, whereas literature reports up to 23%(19,20). Consequently, 
the association between sensitization in hip OA and development of  chronic residual pain after 
THA is less prominent in the present study. The proportion of  patients with chronic residual pain 
is relatively high in the knee OA patients after TKA, 47.1% after 6 months and 38% after 12 
months, compared to up to 34% in literature(16–20,23). This was expected due to the enriched 
nature of  our study population. However, the numbers of  the subgroups of  knee and hip OA 
patients are low, rendering generalizability of  these findings limited.

Thirdly, it is possible that the effect of  duloxetine treatment diminishes after tapering of  the 
treatment dose and that the desensitization is becoming undone in the (short) interval period 
between tapering and surgery. This interval period was imposed due to safety reasons (see methods 
section). In the previous publication focusing on the pre-operative study period, a decrease in 
the treatment effect could be observed after the tapering phase(58). This could be a possible 
explanation for the lack of  treatment effect on chronic residual pain. In a recent study by Koh et 
al. a 30 mg duloxetine regimen was administered 1 day prior up to 6 weeks after TKA in knee OA 
patients with signs of  sensitization. In this study, perioperative duloxetine treatment significantly 
reduced pain up to 12 weeks postoperatively(38). Maybe the timing of  duloxetine treatment would 
be more prudent in the perioperative period. However, Koh et al. do not report any information 
regarding more than 12 weeks postoperatively. Future studies are needed to determine whether a 
different timing of  pre-operative duloxetine treatment continued up to (or shortly after) TJA has a 
different effect on chronic residual pain compared to the present study.

Fourthly, the present study is formed around the hypothesis that treatment of  sensitization in OA 
patients leads to less development of  chronic residual pain after THA/TKA. Although signs of  
sensitization are a known predictor in literature for developing chronic residual pain after TJA, 
that does not necessarily imply that treatment of  the first prevents the development of  the latter. 
Our present findings could therefore be in line with a theory by Neogi et al(12,13). Rather than 
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being induced by nociceptive input from the OA pathology, sensitization should possibly be seen as 
a ‘trait’ related to a person’s genetic/systemic predisposition to increased pain perception which is 
being unmasked once nociceptive input is supplied by structural OA pathology. Maybe sensitization 
in OA and chronic residual pain after TJA are both traits of  an underlying proneness/vulnerability 
to enhanced pain experience which explains why people who develop sensitization in OA are at 
risk to also develop chronic residual pain, but that treatment of  the first does not influence the 
underlying vulnerability and therefore does not lessen the development of  chronic residual pain. 
As this is the first study known to us to investigate the direct effect of  treatment of  sensitization 
in OA on chronic residual pain, future research is needed to re-assess the present findings and to 
further investigate the complex causal pathways in the development of  chronic residual pain. 

Strengths and limitations

This study contributes important pragmatic insights to the existing literature. There is an 
increasing demand for pragmatic studies in the field of  OA research(59–61). Up to date, studies 
mostly consisted of  placebo-controlled trials and only considered short-term follow-up. Pragmatic 
trials try to demonstrate whether an intervention works in the reality of  daily practice rather than 
under highly controlled circumstances. Pragmatic dimensions of  the DOA study are: 1) Broad 
screening of  all patients who were planned for TKA/THA ; 2) Using patient-important outcome 
measures; 3) Comparing to usual-care which varied among clinicians and participating centres 
thereby increasing generalizability; 4) Long term follow-up focusing on relevance of  the efficacy 
of  duloxetine treatment prior to arthroplasty to post-operative outcome; 5) Intention-to-treat data 
analysis.

There are also limitations to this study. Firstly, we are aware that our study population is 
underpowered to analyse the hip and knee OA patients separately. Therefore, conclusions 
regarding any sub-analysis of  separate joint-groups are limited. However, by designing a mixed 
model for repeated measures including joint as a fixed variable, we were able to assess the effect 
of  joint-group in the study population as a whole. The difference between hip and knee OA 
patients regarding incidence of  sensitization in OA and development of  chronic residual pain after 
TJA was anticipated based on literature(14-32). However, the substantial difference in treatment 
effect of  duloxetine in the two different joint-groups was not anticipated and somewhat lessens the 
interpretability of  our results for the total study group. This is an important finding that renders 
additional future study. Secondly, by comparing duloxetine treatment with usual care, we can only 
assess the combination of  the pharmacological effect together with the accompanying placebo and 
nocebo effects. However, to some extent these factors would also play a role in daily application 
of  this treatment and therefore are relevant for assessing the effectiveness of  the total intervention.
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Applicability

Considering applicability of  duloxetine in the targeted treatment population, the percentage of  
AEs was high in the intervention group. 21.1% of  intervention participants discontinued the study 
treatment due to AEs. In a previous study, the incidence and nature of  the AEs in the treatment 
period are described in more detail(58). Also, due to the risk of  side effects a substantial proportion 
of  patients had a disinclination to participating in the study. This, in combination with the 
substantial number of  contra-indications for duloxetine on medical reasons lessens the practical 
applicability of  duloxetine in general practice of  OA patients with accompanying co-morbidity.

In conclusion, based on the results of  the present study, pre-operative targeted treatment with 
duloxetine in end-stage hip and knee OA patients with sensitization does not influence postoperative 
chronic residual pain after arthroplasty. Duloxetine does seem to have a treatment effect on pain in 
end-stage knee OA patients suffering from sensitization, but clinical relevant thresholds were not 
met and applicability seems limited. No treatment effect was found in end stage hip OA patients 
with sensitization. The percentage of  patients with chronic residual pain in this sensitized study 
population was relatively high for knee patients (38%, 12 months after TKA), but relatively low 
for hip patients (19%, 12 months after THA). Future studies are necessary especially regarding 
the timing and duration of  duloxetine treatment. Other treatment options for OA patients with 
sensitization as well as for chronic residual pain should be explored. Separate studies specifically 
addressing these issues in hip OA patients are indicated considering the apparent differences 
between hip- and knee OA patients found in the present study. 
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Abstract
Background The pain subscales of the Knee and Hip Osteoarthritis Outcome 
Scores (KOOS and HOOS) are among the most frequently applied, patient 
reported outcomes to assess pain in osteoarthritis patients and after Total Knee 
Arthroplasty and Total Hip Arthroplasty (TKA/THA). For the evaluation of change 
over time it is essential to know the responsiveness and interpretability of these 
measurement instruments. The aim of this study is to investigate responsiveness 
and interpretability of the KOOS and HOOS pain subscales in patients with knee or 
hip OA as well as patients after TKA/THA as recommended by COSMIN guidelines.

Design This responsiveness study was conducted using data obtained from the 
DOA trial (Duloxetine in OsteoArthritis). Primary knee or hip osteoarthritis patients 
with signs of possible sensitization were included. During the study, half of the 
participants received pre-operative targeted treatment with duloxetine, and all 
participants received TKA or THA following the local protocol. In the course of the 
study	period,	patients	filled	out	a	set	of	patient-reported	outcomes	at	several	time	
points. 

Methods Using the criterion validity approach (comparison to a gold standard) the 
change scores of the KOOS and HOOS pain subscales directly after duloxetine 
treatment but before TKA/THA were correlated to the Patient Global Improvement 
anchor-question (PGI-I). Receiver Operating Characteristic curves (ROC curves) 
were obtained. We used the change scores between baseline and six months after 
TKA/THA for the assessment of construct validity. Elaborate hypothesis testing 
was	conducted	investigating	a-priori	defined	hypotheses	regarding	the	correlation	
between change scores in the KOOS/HOOS pain subscale with change scores in 
other questionnaires. For interpretability, an anchor-based approach was used to 
consider the MIC of the KOOS/HOOS pain subscale, based on the subcategory of 
patients who reported ‘much improved’ on the PGI-I. We compared the outcomes 
after conservative treatment (nine weeks after baseline), and six months after TKA/
THA in order to investigate any response shift.

Results 93 participants (53 knee patients and 41 hip patients) were included with 
a	mean	 age	 between	 62-64	 years	 and	 slightly	 more	 females	 than	males.	Mean	
change	was	4.3	and	4.6	points	after	conservative	treatment	for	knee	and	hip	OA	
patients resp. and 31.7 and 48.8 points after TKA/THA resp. After conservative 
treatment the KOOS and HOOS pain subscales both showed a gradual increase in 
change scores over the different categories of improvement on the PGI-I, with an 
Area Under the Curve of 0.72 (95% CI 0.527-0.921) and 0.79 (95% CI 0.588-0.983) on 
the	ROC	curves	for	knee	and	hip	OA	patients	resp.	Of	the	predefined	hypotheses,	
69%	were	confirmed	for	both	subscales.	The	MICs	were	between	12.2	to	37.9	for	
the	KOOS	pain	subscale,	and	between	11.8	to	48.6	for	the	HOOS	pain	subscale,	
depending on whether the PGI-I was administered after conservative treatment, or 
six months after TKA/THA.

Conclusions This study endorses the responsiveness of the KOOS and HOOS pain 
subscales in patients with knee or hip OA and patients after TKA/THA based on 
construct and criterion validity approaches. The KOOS pain subscale might be 
able to detect the MIC at an individual level after arthroplasty, but both the KOOS 
and HOOS pain subscales were not able to do so after conservative treatment. 
Therefore,	in	clinical	research,	the	study	groups	should	be	sufficiently	large	in	order	
to reduce the measurement error when considering conservative treatment. This 
study	is	the	first	to	report	a	considerable	response	shift	in	MIC	of	the	KOOS	and	
HOOS pain subscales. This should be taken into consideration when evaluating 
MIC of the KOOS and HOOS pain subscale after conservative versus operative 
treatment. Future research should present more reference data regarding MIC 
scores after different treatments.
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Introduction

Osteoarthritis (OA), one of  the leading causes of  disability worldwide, constitutes a heterogeneous 
syndrome that is evaluated predominantly through clinical symptoms. Pain, its main symptom, 
is assessed mostly using patient reported outcomes(1–5). Longitudinal studies form an important 
part of  clinical research regarding pain in OA, for example to assess disease progression over time, 
and to assess effects of  different treatment options. For the evaluation of  change over time it is 
essential to know the responsiveness and interpretability of  the measurement instruments used. 
COSMIN (COnsensus based Standards for the selection of  health Measurement INstruments) 
defines responsiveness as ‘the ability of  an instrument to detect change over time in the construct 
to be measured’, and interpretability as ‘the degree to which one can assign qualitative meaning 
(in other words: clinical or commonly understood connotations) to an instrument’s quantitative 
change scores(6,7). Interpretability is not so much a measurement property of  an instrument, but 
it is paramount for the application of  the instrument in clinical research.

The pain subscales of  the Knee and Hip Osteoarthritis Outcome Scores (KOOS and HOOS) 
are among the most frequently applied, patient reported outcomes to assess pain in OA patients 
and after Total Knee Arthroplasty and Total Hip Arthroplasty (TKA/THA)(2–4,8). In a recent 
systematic review and meta-analysis of  the measurement properties of  the KOOS it turns out 
that evidence of  responsiveness almost solely originates from studies reporting effect sizes (ES) 
and standardized response means (SRM) after various interventions(3). However, according to 
the COSMIN criteria, ES and SRM provide very limited evidence for responsiveness. In fact, 
these distribution-based approaches are considered inappropriate measures of  responsiveness 
as they express the magnitude of  change (for example after an intervention) but not whether 
the change is valid(6). COSMIN recommends methods for assessing responsiveness similar to 
those assessing validity, using extensive hypothesis testing to assess criterion validity and construct 
validity of  the change score(6). Only if  the ES are incorporated into an approach using a priori 
defined hypotheses its use is found acceptable in responsiveness studies. Responsiveness analysis 
is a continuous process of  accumulating evidence, depending on study population, context, and 
properties of  the instruments used for comparison(6). A recent meta-analysis shows only 2/17 
studies regarding responsiveness of  the KOOS used pre-defined hypothesis according to COSMIN 
criteria, both studies did not assess primary OA patients(3,9,10). To our knowledge, only one study 
assessing SRM in patients after THA is available, without hypothesis testing or following other 
COSMIN criteria(11).

Regarding interpretability of  change scores in clinical practice the Minimally Important Change 
(MIC) and the Smallest Detectable Change (SDC) are especially informative. In literature, reports 
of  MIC of  the KOOS and HOOS pain subscale are scarce.
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Therefore, further evaluation of  the responsiveness and interpretability of  the KOOS and HOOS 
pain subscales using COSMIN recommended methods is needed(3). Consequently, the aims of  
this study are to investigate responsiveness and interpretability of  the KOOS and HOOS pain 
subscales in patients with knee or hip OA as well as patients after TKA/THA as recommended 
by COSMIN guidelines. 

Methods

This responsiveness study was conducted using data obtained from the DOA trial (Duloxetine 
in OsteoArthritis)(12). This is a prospective, randomized, clinical trial assessing the effect of  pre-
operative duloxetine treatment in sensitized knee and hip OA patients on chronic residual pain 
after TKA/THA. Participating hospitals were University Medical Center Groningen, Martini 
Hospital Groningen, and Medical Center Leeuwarden. The study was approved by the Medical 
Ethics Committee of  University Medical Center Groningen (2014/087) and the procedures 
followed were in accordance with the ethical standards of  the responsible committee on human 
experimentation and with the Helsinki Declaration of  1975, as revised in 2000.

Details regarding the DOA trial were published earlier, see chapter 4 & 5 of  this thesis(12). Patients 
were recruited between December 2014 and June 2018. Patients who were included all suffered 
from primary knee or hip OA and reported a possible or likely neuropathic pain phenotype as 
assessed with the modified PainDetect Questionnaire (mPDQ), indicating signs of  sensitization. 
During the study, half  of  the participants received pre-operative targeted treatment with duloxetine, 
and all participants received TKA or THA following the local protocol. In the course of  the study 
period, patients filled out a set of  patient-reported outcomes at several time points(12). 

Measurement Instruments

The outcome measures included the KOOS/HOOS, modified PainDetect Questionnaire 
(mPDQ), Visual Analoque Scales for pain (VAS), the RAND-36 Health Survey (RAND-36), 
Hospital Anxiety and Depression Scale (HADS), and Pain Catastrophizing Scale (PCS). At the 
follow-up time points patients also filled out a Patient reported Global Improvement (PGI) score.

KOOS/HOOS

The KOOS and the HOOS are self-administered; disease-specific questionnaires designed to assess 
patients’ opinion about their knee or hip symptoms and associated problems. Both scores consist 
of  five subscales: Pain, other Symptoms, Activities of  Daily Living (ADL), Sport and Recreational 
function, and hip/knee related Quality of  Life (QOL). Answers are given on a 0-4 Likert scale. 
Missing items in the KOOS/HOOS are imputed according to the KOOS/HOOS manual. For 
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the pain subscales a normalized 0-100 score is calculated. These 0-100 scores were transformed 
so that 0 represents extreme pain and 100 represents no pain. Several clinimetric properties of  
the KOOS and HOOS have been assessed quite extensively in previous literature, reporting good 
reliability and validity, also of  the Dutch version of  the KOOS and HOOS(3,9,11,13–15). Collins 
et al. report that the Pain subscale especially, and also the ADL subscale, and QOL subscale 
of  the KOOS show the greatest relevance, room for improvement, and effect sizes in knee OA 
patients undergoing TKA. Collins et al. report a Smallest Detectable Change (SDC) of  26 points 
on individual level for the pain subscale of  the KOOS in patients with OA(3). To our knowledge, 
similar information is lacking in literature regarding the HOOS. 

Dutch Modified PainDETECT Questionnaire (mPDQ)

The mPDQ is a self-administered questionnaire consisting of  12 items on neuropathic pain 
symptoms in the left/right knee or hip during the past week. The first item concerns the presence 
of  pain radiation using a body map. The second item concerns pain patterns, where patients 
have to choose between four figures representing distinctly described (and visually illustrated) 
pain patterns. Seven items concern pain quality on a 0-5 Likert scale, 0 representing ‘never’ 
and 5 representing ‘very strongly’. These items concern burning sensation, tingling or prickling 
sensation, pain at light touch, sudden pain attacks, pain at cold or warm stimulus, numbness and 
pain at light pressure, respectively. The total score ranges from -1 to 38 points. Analogously to 
the original PainDETECT Questionnaire, a score of  ≤12 indicates a nociceptive pain profile, 
a score of  13-18 a possible neuropathic pain profile, and a score ≥19 a likely neuropathic pain 
profile(16). The Dutch version of  the mPDQ is considered to be a fairly reliable and valid self-
report instrument in patients with hip and knee OA with an individual SDC of  7.3 points for hip/
knee OA patients(17,18).

Visual Analogue Scale Pain (VAS pain)

Visual Analogue Scales (VAS) are widely used to measure pain. Patients place a marking on a 100-
mm horizontal line that represents their pain. Patients were asked to note their present pain status 
and their mean pain status over the last week; at rest (VAS-R: defined as pain in rest while sitting, 
standing or lying down) and during movement (VAS-M defined as pain during regular walking). 
VAS have been reported as valid and reliable measures for the intensity of  pain(19).

RAND-36 Health Survey

The RAND-36 Health Survey (RAND-36) is a widely used self-administered, generic health 
status questionnaire that assesses quality of  life and well-being(20). It contains 36 questions and 
standardised response choices. These questions are divided into eight different subscales: physical 
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functioning, role limitations due to physical health problems, role limitations due to emotional 
problems, social functioning, vitality, mental health, bodily pain, and general health perceptions. 
The Mental and Physical Component Summary (MCS and PCS) can be calculated combining 
scores from different subscales. For this study the subscales physical functioning, bodily pain, and 
MCS were used. All scores are converted to a 0-to-100 scale, with a higher score indicating higher 
levels of  functioning or well-being. The Dutch version of  the RAND-36 is considered a highly 
reliable instrument with satisfactory validity(20,21) .

Hospital Anxiety and Depression Scale (HADS)

The HADS is a screening questionnaire regarding anxiety and depressive symptoms. The HADS 
contains two 7-items subscales: anxiety and depression. Each subscale is a 4-point Likert scale, 
ranging from 0-3 according to the severity of  experienced distress. The reliability and dimensional 
structure seem to be stable for the Dutch version, across medical setting and age groups(22).

Pain Catastrophizing Scale (PCS) 

The PCS is a questionnaire developed to identify catastrophic thoughts or feelings in relation 
to experienced pain(23). The questionnaire consists of  13 items that reflect on past painful 
experiences. The items are scored on a 0 (not at all) – 4 (all the time) Likert scale. The total score 
ranges from 0 to 52; higher scores reflect more catastrophizing thoughts or feelings. The test-retest 
reliability and internal consistency of  the Dutch version of  the PCS are sufficient and stable(24). 
Construct and concurrent validity seem sufficient(23).

Patient Global Impression of Improvement (PGI-I)

The PGI-I scale is a one-item questionnaire that can measure the patients perceived change in 
a clinical important outcome. It is a 7-point Likert scale that ranges from “very much worse” to 
“very much improved”. It is derived from the clinical global impression scale(25). The question 
that was asked patients was ‘the extent to which their hip/knee complaints had changed compared 
to the start of  the study, when they were placed on the waiting list for THA/TKA’. The PGI-I 
questionnaire was previously used in several other studies concerning patients with musculoskeletal 
pain(26–28).

Procedure

First, the distributions of  baseline and follow-up KOOS/HOOS pain subscales were explored. 
When assessing responsiveness and interpretability of  longitudinal data, floor and ceiling effects 
can pose problems. If  a large proportion of  patients score on the highest or the lowest side of  the 
measurement scale, it can affect the ability of  detection of  relevant changes (depending on the 
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direction of  interest). Floor and ceiling effects can occur if  more than 15% of  the patients achieve 
either the lowest or the highest score(6).

Criterion Validity of  change scores

Using the criterion validity approach (comparison to a gold standard) it is important to be able to 
assume that a portion of  the study population has changed and another portion has not changed(6). 
Therefore, for this approach, we used the change scores of  the KOOS and HOOS pain subscales 
directly after duloxetine treatment but before TKA/THA (which was nine weeks after baseline). 
As half  of  the participants had received pre-operative duloxetine treatment at this time point, and 
the other half  had received care as usual (for details see previous studies regarding DOA trial), 
it is likely that only a portion of  the study population changed. Based on literature, duloxetine 
treatment seems to have a modest positive effect on OA pain, especially in patients showing signs 
of  sensitization(29,30). The changes in KOOS/HOOS pain subscales were correlated to the 
PGI-I anchor question. The use of  a Global Rating Scale, such as the PGI-I, as a ‘gold standard’ 
is considered suitable in the criterion approach of  responsiveness of  patient reported outcomes(6). 
Keeping in mind a certain degree of  measurement error in both the pain subscale of  the KOOS/
HOOS, and in the PGI-I, at baseline and at follow-up, we hypothesized a correlation ≥ 0.6.

Receiver Operating Characteristic curves (ROC curves) were obtained as additional assessment of  
criterion validity. The PGI-I was dichotomised into a group of  patients with relevant improvement 
(PGI-I scales ‘much improved’, and ‘very much improved’) and a group of  patients with no relevant 
improvement (PGI-I scales ‘minimally improved’, ‘no change’, and ‘minimally deteriorated’). The 
area under the ROC curves is considered to be a determination of  the ability of  the questionnaire 
to discriminate between patients who improved on the PGI-I and those who did not improve on 
the PGI-I. An Area Under the Curve (AUC) of  ≥ 0.70 can be considered appropriate(6).

Construct Validity of  change scores

To assess responsiveness using the construct validity approach, it is necessary to assume that actual 
change occurs in the study population(6). TKA and THA are among the most performed surgical 
procedures in orthopaedic surgery and its effectiveness is well established in patients with end-
stage knee- and hip OA with considerable effect sizes(3,31,32). Therefore, we used the change 
scores between baseline and six months after TKA/THA for the assessment of  construct validity. 
Elaborate hypothesis testing was conducted investigating a-priori defined hypotheses regarding 
the correlation between change scores in the KOOS/HOOS pain subscale with change scores in 
other questionnaires (see table 4). Converging and diverging validity were assessed by comparing 
the relationship of  the change in KOOS/HOOS outcome scores with change in instruments with 
similar (VAS pain scales and RAND-36 pain subscales) and different constructs (mPDQ, RAND-
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36 Mental Component Summary, HADS, and PCS). In accordance to literature, responsiveness 
was considered high if  >75% of  the previously composed hypotheses were met, moderate if  25-
50% were met and poor if  <25% were met(6).

Interpretability

The minimal important change (MIC) is defined by COSMIN as ‘the smallest change in score in 
the construct to be measured which patients perceive as important’. In the present study, we used 
an anchor-based approach to consider the MIC of  the KOOS/HOOS pain subscale, based on the 
subcategory of  patients who reported ‘much improved’ on the PGI-I. We compared the outcomes 
after conservative treatment (nine weeks after baseline), and six months after TKA/THA in order 
to investigate any response shift.

Statistical Analyses

Statistical analyses were performed using IBM SPSS Statistics for Windows (version 23.0, Armonk, 
NY: IBM Corp.). Patient characteristics were reported using descriptive statistics consisting of  
mean and standard deviation or median and interquartile ranges in case of  non-parametric 
variables. Correlation was presented either using Pearson or Spearman correlation coefficients, 
depending on normality. According to COSMIN guidelines, criterion and construct approaches 
require a minimal sample size of  50 patients, but larger samples are preferred(6).
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Table 1. Demographics and baseline characteristics of  the study group.

Knee patients (N=53) Hip patients (N=41)

Age (years; mean (SD)) 64.4 (7.8) 61.8 (9.1)

Female N (%) 36 (69.2) 23 (55.3)

BMI (kg/m2; mean (SD)) 29.6 (4.9) 27.9 (4.3)

Duration of  pain symptoms (mos; median (IQR)) 69.7 (24.0; 72.0) 24.0 (12.8; 61.3)

ASA score (N=52)

I 14 (26.9) 15 (36.8)

II 33 (63.5) 23 (57.9)

III 5 (9.6) 3 (5.3)

KL grade (N=52)

II 7 (13.5) 13 (31.6)

III 44 (84.6) 25 (63.2)

IV 1 (1.9) 3 (5.3)

Abbreviations: N: number of  patients; SD: Standard Deviation; BMI: Body Mass Index; IQR: Inter Quartile 
Range; ASA score: American Society of  Anesthesiologists Physical Status Score; KL grade: Kellgren and 

Lawrence severity of  OA scale.

Results

Demographics and Descriptive Statistics

One hundred and eleven patients were included in the original DOA trial. Of  these, the PGI-I and 
KOOS/HOOS pain subscales at six months after TKA/THA were available for 93 participants 
(53 knee patients and 41 hip patients), as a result these were included in the responsiveness 
analyses. Reasons for loss to follow-up were described previously (see chapter 5 of  this thesis). 
Table 1 shows the baseline characteristics of  the patients included in the responsiveness analyses. 
The patients with knee OA group consisted of  more females compared to the hip OA group. Age 
and BMI were comparable between both groups. Most patients suffered from grade III OA on the 
Kellgren and Lawrence scale. Table 2 shows the mean scores and distribution at baseline as well 
as after conservative treatment, and six months after TKA/THA. Also the mean change scores 
are presented.
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Table 2. Mean scores and change scores at baseline and at follow-up time points.

KOOS pain subscale (0-100) HOOS pain subscale (0-100)

Baseline

Mean ± SD 34.6 ± 13.4 34.5 ± 14.6

After conservative treatment (9 wks after baseline)

Mean ± SD 39.7 ± 16.3 38.7 ± 14.7

Mean Change ± SD 4.3 ± 10.9 4.6 ± 11.9

Six mos after TKA/THA

Mean ± SD 67.6 ± 25.0 84.6 ± 19.6

Mean Change ± SD 31.7 ± 25.7 48.8 ± 25.9

Abbreviations: KOOS:  Knee Osteoarthritis Outcome Score; HOOS:  Hip Osteoarthritis Outcome Score; 
SD:  Standard Deviation

Table 3. Change in KOOS and HOOS pain subscales after conservative treatment for the 
different categories of  improvement on the PGI-I.

PGI-I ΔKOOS pain subscale (n=53) ΔHOOS pain subscale (n=40)

N (%) Mean ± SD N (%) Mean ± SD

Very much improved 3 (5.7) 18.5 ± 18.9 2 (5) 20.0 ± 7.1

Much improved 8 (15.1) 12.2 ± 11.0 7 (17.5) 11.8 ± 11.5

Minimally improved 7 (13.2) 2.4 ± 9.7 3 (7.5) 6.7 ± 8.0

No change 8 (15.1) 4.9 ± 7.1 9 (22.5) 7.5 ± 10.2

Minimally deteriorated 14 (26.4) 3.8 ± 7.4 10 (25) 4.8 ± 7.6

Much deteriorated 12 (22.6) -2.8 ± 10.7 8 (20) -5.9 ± 12.2

Very much deteriorated 1 (1.9) NA 1 (2.5) NA

SDCind = 1.96 ∙ SEM ∙ √2  13.9 20.0

SDCgroup 4.9 6.7

Abbreviations: Δ: change; N: number; KOOS: Knee Osteoarthritis Outcome Score; HOOS: Hip 
Osteoarthritis Outcome Score; PGI-I: Patient Global Improvement Index; SD: Standard Deviation; SDC: 
Smallest Detectable Change; NA: Not Applicable.

Criterion Validity of  change scores 

After conservative treatment the KOOS and HOOS pain subscales both showed a gradual 
increase in change scores over the different categories of  improvement on the PGI-I, as can be 
seen in Table 3.
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Figure 1 shows the ROC curves of  the KOOS and HOOS pain subscales after conservative 
treatment. In the knee OA study group, n=29 knee-OA patients were ‘unchanged’ after conservative 
treatment; n=11 knee-OA patients were ‘improved’. The AUC was 0.72 (95% CI 0.527-0.921). 
In the hip OA study group, n=22 hip-OA patients were ‘unchanged’ after conservative treatment; 
n=9 hip-OA patients were ‘improved’. The AUC was 0.79 (95% CI 0.588-0.983).

Construct Validity of  change scores

Table 4 shows a cross table of  the correlations between change in KOOS and HOOS pain subscales 
(columns) and change scores of  other outcome scores (rows) six months after TKA/THA. Our 
pre-defined hypotheses are presented in parentheses, 69% of  the hypotheses were confirmed for 
both KOOS and HOOS pain subscales. Confirmed hypotheses are presented in bold.

Interpretability

Table 5 presents the change in KOOS and HOOS pain subscales six months after TKA/THA 
according to the different categories of  PGI-I. Based on tables 3 and 5, the MICs are between 
12.2 to 37.9 for the KOOS pain subscale, and between 11.8 to 48.6 for the HOOS pain subscale, 
depending on whether the PGI-I was administered after conservative treatment, or six months 
after TKA/THA. The Smallest Detectable Change (SDC) on individual level and group level are 
also presented in tables 3 and 5 in order to be able to compare MIC with the SDC. 

Figure 1. The ROC curves regarding the KOOS and HOOS change scores after conservative treatment.
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Table 4. Cross table regarding correlations between change in KOOS/HOOS pain subscales 
and change on other outcome scores six months after TKA/THA.

ΔKOOS pain subscale ΔHOOS pain subscale

Construct approach

1 ΔVAS rest 0.7 (≥0.6) 0.6 (≥0.6)

2 ΔVAS movement 0.8 (≥0.6) 0.6 (≥0.6)

3 ΔmPDQ 0.7 (≥0.5) 0.6 (≥0.5)

4 ΔKOOS/HOOS ADL subscale 0.9 (≥0.7) 0.9 (≥0.7)

5 ΔKOOS/HOOS QOL subscale 0.9 (≥0.7) 0.7 (≥0.7)

6 ΔKOOS/HOOS Symptoms subscale 0.7 (≥0.7) 0.8 (≥0.7)

7 ΔRand 36 physical functioning 0.7 (0.2-0.4) 0.6 (0.2-0.4)

8 ΔRand 36 Bodily pain 0.7 (0.4-0.6) 0.6 (0.4-0.6)

9 ΔMental scale Rand-36 0.3 (≤0.3) -0.1 (≤0.3)

10 ΔPCS 0.6 (0.2-0.4) 0.6 (0.2-0.4)

11 ΔHADS depression subscore 0.2 (0.2-0.4) 0.4 (0.2-0.4)

Criterion approach

11 Correlation with PGI-I 0.7 (≥0.6) 0.5 (≥0.6)

12 AUC of  ROC curves 0.89 (≥0.7) 0.96 (≥0.7)

Hypotheses met 9/13 (69%) 9/13 (69%)

Abbreviations: Δ: change; KOOS:  Knee Osteoarthritis Outcome Score; HOOS:  Hip Osteoarthritis 
Outcome Score; VAS:  Visual Analoque Scale; mPDQ:  modified PainDETECT Questionnaire; PCS:  Pain 
Catastrophizing Scale; HADS:  Hospital Anxiety and Depression Scale; PGI-I:  Patient Global Improvement 
Index; AUC:  Area Under the Curve; ROC:  Receiver Operating Characteristic; ADL: Activities in Daily 
Life; QOL: Quality Of  Life. 
Confirmed hypotheses are presented in bold.
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Discussion

Aim of  this study was to investigate responsiveness and interpretability of  the KOOS and HOOS 
pain subscale in patients with knee or hip OA and in patients after TKA/THA following COSMIN 
guidelines. The results of  the present study endorse the responsiveness of  both subscales. When 
comparing changes in the KOOS/HOOS pain subscales to the PGI-I, both questionnaires 
showed a gradual increase in change scores over the different categories of  improvement. Also, the 
AUC of  the ROC curves were > 0.7. Considering responsiveness using hypothesis testing, 69% of  
predefined hypotheses were met for both knee and hip OA patients. In accordance to literature, 
this would implicate a moderate rate of  confirmed hypotheses(6). When looking closer at the 
correlations found, most correlation coefficients were higher than hypothesized. Apparently we 
were rather conservative in our hypotheses, which was based on the COSMIN advice to consider 
the fact that we were dealing with the correlation between change scores in which we had to 
account for measurement error in baseline and follow-up measures for both instruments(6).

Considering interpretability, there was a considerable difference between the change scores that 
patients report to be minimally clinically important after conservative treatment and six months 
after TKA/THA. This might represent a response shift between what is considered a relevant 
change of  OA pain after conservative treatment, and after TKA/THA. It seems that a sort of  

Table 5. Change in KOOS and HOOS pain subscales six months after TKA/THA for the 
different categories of  improvement on the PGI-I.

PGI-I ΔKOOS pain subscale (n=53) ΔHOOS pain subscale (n=40)

N (%) Mean ± SD N (%) Mean ± SD

Very much improved 13 (25.0) 56.0 ± 14.0 23 (56.1) 57.2 ± 20.3

Much improved 20 (38.5) 37.9 ± 20.2 15 (36.6) 48.6 ± 26.4

Minimally improved 13 (25.0) 13.0 ± 21.5 3 (7.3) 0.8 ± 13.8

No change 3 (5.8) 11.1 ± 2.8 0 (0) NA

Minimally deteriorated 3 (5.8) 0.9 ± 14.3 0 (0) NA

Much deteriorated 0 (0) NA 0 (0) NA

Very much deteriorated 0 (0) NA 0 (0) NA

SDCind = 1.96 ∙ SEM ∙ √2  5.5 NA

SDCgroup 3.2 NA

Abbreviations: Δ: change; N:  number; KOOS:  Knee Osteoarthritis Outcome Score; HOOS:  Hip 
Osteoarthritis Outcome Score; PGI-I:  Patient Global Improvement Index; SD:  Standard Deviation; SDC:  
Smallest Detectable Change; NA:  Not Applicable.
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‘recalibration’ takes place of  the internal perception of  pain relieve patients experience before 
and after TKA/THA. The phenomenon of  response shift in knee OA patients has been reported 
previously in literature, but not considering the size of  the MIC(33,34). When patients were asked 
six months after TKA to judge how their pain and disability was prior to surgery they tended to 
judge themselves worse compared to how they rated their complaints preoperatively(33). This was 
especially the case for the appraisal of  pain. In other words, it is known from literature that the 
way patients recall their previous pain experience when they were suffering from OA seems to be 
affected by the change of  the internal standard of  measurement of  pain relief. The present study 
adds that also the size of  the MIC seems to change due to this phenomenon. This is important to 
take into consideration when interpreting MIC scores on the KOOS/HOOS pain subscales after 
conservative versus operative treatment. Different MIC scores in KOOS/HOOS pain subscales 
should be used depending on the treatment at hand, and future research should present more 
reference data regarding MIC scores after different treatments. The MIC in KOOS pain subscale 
after conservative treatment was 12.2 points, and after TKA 37.9 points. The MIC of  the HOOS 
pain subscale was 11.8 after conservative treatment and 48.6 after THA. When comparing our 
findings to literature, a previous study reported a MIC of  12 points in KOOS pain subscale 
after non-surgical management in 112 patients, which is in line with the present finding of  12.2 
points(35). Another study found a MIC of  16.7 after TKA rehabilitation in 148 patients using the 
anchor-based method, which is considerably lower than the present finding of  37.9(36). We could 
not find comparable MIC reports in literature regarding the HOOS pain subscale. 

When comparing the MIC to the SDC, the KOOS pain subscale might be able to detect MIC 
at individual level after TKA, but not after conservative treatment. The present study reports 
SDCind of  13.9 after conservative treatment and 5.5 after TKA. This means the SDC is smaller 
than the MIC at six months after TKA, and after conservative treatment the SDC is larger than the 
MIC. Therefore, the KOOS pain subscale cannot detect MIC at individual level after conservative 
treatment, as the standard error of  measurement is too large for that compared to the relatively 
small MIC reported in this study. In clinical research, the study groups should be sufficiently large 
in order to reduce the measurement error. The HOOS pain subscale does not seem able to detect 
MIC at an individual level after conservative treatment, as the SDC after conservative treatment is 
larger than the MIC (see table 4.2). Based on the current data, the SDCind six months after THA 
could not be calculated in a reliable way due to the small number of  patients that not improve after 
surgery, and to our knowledge there is no previous report in literature either.

Floor- and ceiling effects were not found. Baseline KOOS/HOOS pain subscale scores were at 
the low side of  the scale and there was enough room for improvement. At six months after TKA/
THA mean KOOS/HOOS pain subscales were 67.6 and 84.6 respectively, indicating that most 
patients were on the high end of  the scale, as would be expected, however, using the >15% of  
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participants scoring the maximum score possible as criterion (REF), there were no ceiling effects. 

To our knowledge this is the first study assessing responsiveness and interpretability of  the HOOS 
and KOOS pain subscale in patients suffering from OA using both hypothesis testing (construct 
validity) and anchor-based approaches (criterion validity) as recommended by COSMIN. However, 
this study has its limitations. Although the total number of  patients is sufficient, the separate groups 
within the different categories of  improvement on the PGI-I were small, limiting interpretability 
of  some of  these results. However, this is partly inevitable due to the successfulness of  TKA/
THA. The patient subgroups reporting ‘no change’ or ‘minimal improvement’ will probably 
always be relatively small. Furthermore, we did not use an anchor question referring to the exact 
same construct as the pain subscale of  the KOOS/HOOS. Gold standards for patient-reported 
questionnaires are very rare. Instead, a Global Rating Scale (GRS) assessing change perceived by 
the patient compared to baseline in a single question can be considered a gold standard(6). This 
GRS should regard the same construct as the measurement instrument under consideration. The 
PGI-I asks patients to compare their present complaints to those at baseline. Considering that pain 
is the predominant complaint in OA patients, we think that, in the context of  this study the PGI-I 
can be considered a good instrument for comparison. 

There are some concerns when evaluating responsiveness using the construct validity approach 
during a clinical study in which the measurement instrument under study is also an outcome score. 
One must be able to assume that the study population actually changed, because the interpretation 
of  the results can be difficult if  the (lack of) measurement properties of  the instrument cannot be 
disentangled from the (lack of) effect of  the intervention. All patients in this study received a TKA/
THA in the course of  the study. The arthroplasty itself  was not the intervention under study, and 
whether there would be an effect of  arthroplasty on the clinical symptoms of  the OA patients was 
not in question. Therefore, we consider it justified to assess responsiveness using change scores six 
months after TKA/THA for the construct validity approach. Additionally, for the criterion validity 
approach it is important that change can only be assumed in a portion of  the study population. 
Therefore we used the time point immediately after conservative treatment for this approach, in 
which only half  of  the study population received duloxetine. The direct effect of  duloxetine was 
not the primary subject of  the DOA study and its modest effect on OA pain has been established 
in previous studies(29,30,37–39).

In conclusion, this study endorses the responsiveness of  the KOOS and HOOS pain subscales 
in patients with knee or hip OA and patients after TKA/THA based on construct and criterion 
validity approaches. The KOOS pain subscale might be able to detect the MIC at an individual 
level after arthroplasty, but both the KOOS and HOOS pain subscales were not able to do so after 
conservative treatment. Therefore, in clinical research, the study groups should be sufficiently large 
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in order to reduce the measurement error when considering conservative treatment. This study is 
the first to report a considerable response shift in MIC of  the KOOS and HOOS pain subscales. 
This should be taken into consideration when evaluating MIC of  the KOOS and HOOS pain 
subscale after conservative versus operative treatment. Future research should present more 
reference data regarding MIC scores after different treatments.
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Introduction

Aim of  this thesis was to investigate the measurement of  signs of  sensitization in knee and hip 
osteoarthritis (OA) patients, and to assess the effects of  targeted treatment of  this phenomenon on 
long-term outcome after total knee or hip arthroplasty (TKA/THA). Sensitization expresses itself, 
among other things, through neuropathic-like symptoms.

The first part of  this thesis focused on measurement of  signs of  sensitization in OA by assessing the 
reliability and validity of  the modified PainDetect Questionnaire (mPDQ). The mPDQ is a self-
report questionnaire aiming to discriminate between nociceptive and neuropathic pain(1). It does 
this by focusing on peripheral, neuropathic-like symptoms in- or around the OA affected joint. 
As neuropathic-like symptoms are not exclusively seen in patients with sensitization, this offers 
indirect evidence of  sensitization or altered central nociceptive processing, hence the term signs-
of-sensitization(2,3). Based on the findings in chapter 2, the Dutch mPDQ (mPDQ-NL) seems to 
be a reliable measurement tool. It seems to be able to distinguish patients from each other despite 
measurement error, including knee or hip OA patients with subtle neuropathic-like symptoms, 
which is an important feature of  the mPDQ-NL because it helps to identify subtle signs of  
sensitization within the broader spectrum of  OA-symptoms. In chapter 3, construct validity was 
assessed using elaborate hypothesis testing in a considerable sample size of  OA patients. As 80% 
of  the predefined hypotheses concerning the association with other self-reported questionnaires 
were confirmed, the findings endorse the validation of  the construct measured by the mPDQ-NL. 
It needs to be mentioned that the item on ‘pain pattern’ forms an exception, as this does not seem 
to fit the overall construct. 

The second part of  this thesis focused on the effects of  targeted treatment of  sensitization on 
long-term outcome after TKA/THA by describing the long-term outcome of  the Duloxetine 
in OsteoArthritis (DOA) trial, including the responsiveness and interpretability of  its primary 
outcome measure: the Pain Subscales of  the Knee and Hip Osteoarthritis Outcome scale (KOOS 
and HOOS). This trial was set up because in a recent systematic review chronic residual pain 
was reported in up to 23% of  patients after THA, and up to 34% after TKA, and sensitisation is 
among the most important risk factors of  poor outcome after TKA and THA, especially the risk 
of  chronic residual pain(17). As described in chapter 4, a multi-centre, pragmatic, prospective, 
randomized clinical trial was conducted including patients with end stage primary knee/hip OA 
with signs of  sensitization who were planned for TKA/THA. Pre-operative treatment of  seven 
weeks with 60 mg of  Duloxetine was compared to usual care. The primary outcome measure was 
pain, measured by the Pain Subscales of  the KOOS and HOOS. The long-term effect of  this pre-
operative Duloxetine treatment was described in chapter 5. One hundred and eleven participants 
were included. No significant postoperative effects in pain were found up to one year after TKA/
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THA between the intervention and usual care group. Lastly, in chapter 6 responsiveness 
and interpretability of  the pain subscales of  the KOOS and HOOS were reported following 
COSMIN (COnsensus based Standards for the selection of  health Measurement INstruments) 
guidelines. A considerable response shift was found in Minimally Important Change (MIC) scores 
after conservative treatment and after TKA/THA. From that it was concluded that the KOOS 
pain subscale might be able to detect the MIC at an individual level after arthroplasty, but both 
the KOOS and HOOS pain subscales seem to be unable to do so after conservative treatment.

This general discussion addresses key themes for both parts of  this thesis. Concerning the first 
part, the measurement of  signs of  sensitization in knee or hip OA patients will be discussed in 
a broader view including the position of  the mPDQ, the questionnaire that was used for that 
purpose in this thesis. With respect to the second part, the relation between targeted treatment of  
signs of  sensitization and chronic residual pain after TKA/THA will be discussed, and also the 
role of  response shift in pain for OA patients undergoing TKA and THA. For each part of  the 
thesis implications for clinical practice will be considered, and recommendations for future study 
will be given.

Part one

Measurement of  signs of  sensitization in patients suffering from knee or hip 
OA using the mPDQ 

It is important to notice that there is no gold standard for the measurement of  sensitization. This is 
not a problem specifically for OA patients, but for all diseases and syndromes in which sensitization 
is believed to play a role. As already elaborated in the general introduction of  this thesis, in the 
measurement of  peripheral sensitization, a distinction is made between elaborate protocols for 
physical examination of  neuropathic symptoms (such as Quantitative Sensory Testing, QST) 
and self-report questionnaires. To my knowledge, at this moment the mPDQ is the only self- 
report questionnaire that is specifically modified to address neuropathic-like symptoms in patients 
suffering from knee or hip OA(2,4–7). When considering the etiological theory of  sensitization in 
OA as described in my general introduction, I personally think that it is logical to focus specifically 
on the neuropathic-like symptoms in the region of  the OA affected knee or hip if  you want to relate 
these signs of  sensitization to the OA process, rather than addressing neuropathic-like symptoms in 
the whole body(32, 37-40). Therefore, the mPDQ seems to be the most suited measurement tool 
available at this moment to assess signs of  sensitization specifically in knee or hip OA patients(2,3,8). 

However, the scientific world concerning of  measurement of  sensitization is not uniformly partial 
to the PDQ, the original questionnaire of  which the mPDQ was deducted. This is mostly due 
to critical concerns about whether the PDQ addresses the actual construct of  sensitization, 
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particularly its specificity. Timmermans et al. recently investigated whether the PDQ (amongst 
other measurement instruments) could validly measure the neuropathic pain component in patients 
suffering from chronic low back pain, neck-shoulder-arm pain, and pain in patients with suspected 
peripheral nerve damage(9). They particularly focused on patients with a suspected mixed type 
of  pain (so partly nociceptive and partly neuropathic) and used a criterion validity method by 
comparing with the rating of  two experienced physicians as the ‘Reference Standard’. Conclusions 
were that the PDQ is not an effective screening tool for a neuropathic pain component because of  
moderate sensitivity and low specificity. It should be noted that there was little agreement between 
both physicians, as well as between the other measurement entities (other questionnaires as well 
as the international Grading System for neuropathic pain, and bedside examination), confirming 
again, for several different disorders, the lack of  a solid Reference Standard for the measurement 
of  a neuropathic pain component as an expression of  sensitization(9–14).

So, does the PDQ measure signs of  sensitization? More particular, does the modified PDQ measure 
neuropathic-like symptoms as an expression of  sensitization in patients with hip or knee OA? 
Based on the present thesis, the confirmed hypotheses of  chapter 3 indicate that there is a joint 
specific tendency in the mPDQ, and also that correlation with the measurement instrument that 
converged more with the concept of  neuropathic-like pain was higher than with measurements 
with more diverging constructs. Realizing the method of  construct validity is no holy grail, it is an 
accepted method to assess validity in lack of  a Gold Standard(15). 

However, it is possible that the mPDQ-hip is less specific in screening for possible signs of  
sensitization than the mPDQ-knee. In the DOA study, the degree of  chronic residual pain was 
relatively low in patients after THA as compared to literature (14.3% after 6 months and 19% 
after 12 months compared to 23% in literature)(16–18). It is unlikely that this is due to a less 
prominent association between sensitization in hip OA and the development of  chronic residual 
pain after THA, as Blikman et al. recently found a strong association between these two factors in 
a comparable population(19,20). If  the mPDQ-hip is less specific in screening for possible signs 
of  sensitization than the mPDQ-knee, the hip OA population in the DOA trial was less enriched 
than the knee OA population, possibly explaining the divergence between percentages of  chronic 
residual pain in THA and TKA patients (19% vs 38% resp.).

Despite all the ambiguity concerning the measurement of  sensitization, the presence of  an OA 
phenotype with ‘pain sensitization’ has been rather well established(21–24). In a recent study 
from 2019 by Carlesso and Neogi, Quantative Sensory Measurers (QST) were recommended for 
the identification of  this ‘enhanced pain susceptibility phenotype’. They used longitudinal data 
on pain sensitisation in patients with or at risk of  developing knee OA(21,22). Because of  the 
longitudinal nature of  the data they were able to provide insights in the causes of  the development 
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of  chronic persistent pain in OA, rather than features that are associated with sensitization (which 
were more centrally oriented features, catastrophising, depressive symptoms, widespread pain 
and sleep quality). The QST measures that were assessed formed comprehensive indicators of  
the sensitization including both facilitatory (positive-) and inhibitory (negative-) signs. The QST 
abnormalities were present prior to the development of  persistent knee pain in this cohort. 
However, up to date, QST measures are still not suited for clinical practice(3,25,26). As a result, 
Carlesso et al. recommend future studies to develop easy-to-use QST measures including good 
reference data or a validated questionnaire that is an adequate substitute to identify the ‘sensitisized 
OA phenotype’(21). I believe a valid questionnaire to substitute QST is an oxymoron. There is a 
substantial body of  literature indicating that QST measures different aspects of  the neuropathic-
like pain experience compared to patient-reported assessment. It is suggested that measuring a 
subjective phenomenon as pain experience through patient reported outcomes is sounder than 
trying to objectify it though QST measures(25–29). The weak correlations between the selective 
QST measures and the mPDQ scores in the results of  several chapters of  the present thesis also 
seem to indicate that QST entities measure different aspects of  the pain experience compared to 
patient-reported assessment of  pain experience (though this was not a primary research question).

Implications for Future Studies and Clinical Implications

Future studies should either focus on further confirmation of  the construct validity of  the mPDQ 
by comparing it with other measurement tools for sensitization specifically in knee and hip OA 
patients. Or, if  the specificity of  the mPDQ remains to be questionable, other questionnaires, like 
the DN4 which showed better criterion validity in recent research by Timmermans et al., should 
be modified in order to provide specific measurement tools for sensitization for knee and hip OA 
patients(10,25,26,30–32). The results of  the present thesis also indicate the necessity for future 
studies to further compare the phenomenon and measurement of  sensitization in knee versus hip 
OA patients as these two groups appeared to be distinctly different entities. Also, comparing the 
QST measures and the patient-reported questionnaires considering signs of  sensitization remains 
an interesting, though ambiguous field for future studies(27).

What are the present recommendations for clinical practice for the identification of  a dominant 
role of  sensitization in a knee or hip OA patient? As stated by Lluch et al. in 2018, it is important for 
clinicians to realize that sensitization is no single entity that is either present or absent, but rather 
that it forms a continuum(3). The results in chapter 2 and 3 of  the present thesis indicate that 
when a patient has a mPDQ score suggesting a substantial amount of  neuropathic-like symptoms, 
sensitization may play a dominant role in the pain experience of  these patients, especially in 
knee OA patients. Despite its limitations as elaborated in the previous section of  this general 
discussion, the results presented in chapter 2 and 3 of  this thesis support the clinical applicability 
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of  the mPDQ in knee or hip OA patients for the screening of  neuropathic like symptoms as 
an indicator for possible sensitization. However, the moderate specificity of  the mPDQ should 
be taken into consideration when applying it to clinical practice. These findings can be placed 
within the broader recommendations presented by Lluch et al. reporting clinical descriptors for 
the recognition of  sensitization in patients with knee OA(3). When a patient reports a high score 
on the mPDQ, this combined with relatively high pain intensity, disproportionate to the structural 
damage, enlarged areas of  pain and an unpredictable pain pattern, this indicates the presence of  
sensitization. Furthermore, if  such a patient has shown an inconsistent or unsuccessful response 
to nociception-targeted pain treatment the suspicion should rise further. In these patients it would 
be prudent to perform a thorough physical examination assessing QST-like measures to further 
quantify the extent of  sensitization.

Part two

Relation between targeted treatment of  signs of  sensitization and chronic 
residual pain after TKA/THA

In the DOA study, it was hypothesized that with sensitization in knee and hip OA being an 
important risk factor for the 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. However, as shown in chapter 5, a 7-week pre-operative targeted treatment with 
duloxetine in a study population of  end-stage knee/hip OA patients with signs of  sensitization 
did not show an effect on postoperative chronic residual pain after arthroplasty. In exploring the 
reasons behind this lack of  effect, two paths might be taken, which are discussed below.

It could be possible that duloxetine treatment prior to surgery in itself  is a successful treatment in 
the prevention of  chronic residual pain after arthroplasty, but methodological aspects of  the DOA 
trial led to the negative results that were found. These methodological aspects have been explained 
elaborately in the discussion of  chapter 5. For example, it is possible that the treatment period, 
timing, and dosage of  duloxetine was not vigorous enough to generate a substantial enough effect 
on desensitization. However, as can be read in chapter 4 and 5, at the time of  designing the DOA 
trial the available evidence about dosage, timing and treatment period were taken into account. 
Also, in line with the discussion about the method of  measurement of  sensitization in OA patients 
as described in this general discussion, it is possible that our study-population was not as sensitized 
as was intended, especially the hip OA group.

A reason for the lack of  treatment effect found in the DOA trial can be derived from the idea 
of  there actually being no treatment effect of  duloxetine treatment prior to surgery on chronic 
residual pain after arthroplasty. There might not be a causal effect of  sensitization on chronic 
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residual pain, but rather both expressions might be caused by an underlying proneness to enhanced 
pain experience. This is in line with the ‘trait or state’ theory as described previously by Neogi 
et al(33). Rather than the OA process inducing neurobiological changes leading to sensitization 
(therefore sensitization being a ‘state’ induced by OA), it seems that sensitization is more of  a ‘trait’ 
that is present irrespective of  OA pathology and leads to a higher capacity of  pain experience in 
OA. This trait might for example be caused by genetic or other systemic predispositions(33). If  
sensitization is more of  a ‘state’, it might be probable that treatment of  the sensitization (caused 
by the OA process) might lead to less chronic residual pain after TKA/THA, assuming that the 
pathophysiological mechanisms of  OA are removed after arthroplasty. However, based on the 
‘trait’ theory of  Neogi et al., the inherent ‘trait’ of  sensitization would still be present after the 
pathology of  OA was removed by arthroplasty, and the process of  sensitization could cultivate 
once again in the peri- and postoperative period of  surgical tissue damage and recovery, again 
leading to chronic (residual) pain. The negative findings of  the long-term follow up of  the DOA 
study in this thesis therefore endorse the ‘trait’ theory rather than the ‘state’ theory.

Implications for Future Studies and Clinical Implications

These possible explanations bring with them implications for future studies. Firstly, future studies 
could investigate whether a longer pre-operative treatment duration or a different timing of  pre-
operative duloxetine treatment continued up to (or shortly after) TKA/THA has a different effect 
on chronic residual pain, and secondly, there is an evident lack of  studies concerning the treatment 
of  sensitization in hip OA patients.

For clinical practice, the results of  the present thesis discourage the use of  duloxetine in OA 
patients prior to surgery if  the aim is to prevent the development of  chronic residual pain after 
arthroplasty in the treatment dosage, timing and duration as used in the DOA-trial. Depending on 
the results of  the abovementioned future research suggestions regarding other treatment regimens 
with duloxetine, it is possible that there is a place for the use of  duloxetine in the treatment of  
chronic residual pain after TKA/THA. 

Alternatively, Neogi et al. recommends a multidisciplinary, patient-centred, behaviour-oriented 
treatment, following the biopsychosocial model and early on in the OA process, for the treatment 
of  sensitization. This is in line with her ‘trait’ theory, Neogi proposes that this will probably be more 
successful in treating sensitization on the long term rather than the more symptomatic treatment 
of  sensitization by neuromodulating medication(33). Such treatment may provide patients with 
strategies and self-management tools to fall back on if  sensitization should present itself  again in 
their future due to another physical or mental catalyst. Such programmes include elaborate patient 
education about the sensitization process and its possible influencing factors, coping strategies, 
social factors that can provoke or protect from enhanced pain experience, and awareness of  
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physical well-being. Apart from this, the present thesis shows that the complex causal pathways in 
the development of  chronic residual pain need further investigation(33,34).

Response shift in patients undergoing TKA and THA

When investigating an effect of  pre-operative treatment on post-operative pain after knee/hip 
arthroplasty using patient reported outcomes, as was attempted in the DOA trial, it is important 
to consider a possible response shift after surgery. Response shift is a term for the changes in which 
patients perceive their health status, and consequently interpret and respond to questions, based on 
cognitive psychological mechanisms(15). In chapter 6, a considerable difference was found in the 
MIC that patients reported after conservative treatment and six months after TKA. This could be 
explained as a form of  response shift. The phenomenon of  response shift has been reported before 
in knee OA patients by Razmjou et al.(35,36). As far as I know, no previous studies concerning 
response shift in hip OA patients are available. Razmjou et al. found that six months after TKA 
patients judged their pain and disability prior to surgery worse compared to how they rated their 
complaints preoperatively, especially their pain(36). This implicates that the way patients recall 
their previous pain experience (when they were suffering from OA) seems to be affected by the 
change of  the internal standard of  measurement of  pain relief  after arthroplasty. What the present 
thesis adds to this knowledge is the fact that the MIC itself  also seems to be subject to a shift in 
the internal measurement frame of  pain. In literature, several mechanisms are mentioned that can 
cause response shift(15). Reconceptualization, reprioritization and scale recalibration are common 
mechanisms described to cause response shift, a detailed description of  all these mechanisms 
is beyond the scope of  this general discussion but can be read elsewhere(15). Considering the 
response shift in the MIC after conservative treatment and after arthroplasty found in chapter 6, 
it is most likely that scale recalibration took place. It is possible patients experience so much pain-
relieve after arthroplasty, that their reference framework of  pain changes and their internal ‘pain 
scale’ recalibrates. Another phenomenon also needs to be taken into account regarding the change 
in MIC after arthroplasty, namely the effort-justification hypothesis(35). The choice of  acceptance 
of  the risks, stress and efforts of  undergoing surgery lead to effort justification by a positive attitude 
shift towards the goal and thereby a tendency of  reporting more positive changes in health.

The mechanisms of  response shift can influence the clinimetric properties of  patient reported 
outcomes, especially when they are used in longitudinal studies to assess change over time or the 
effect of  an intervention(35). In the case of  TKA, the treatment effect seems to become amplified, 
but after adjustment for response shift the effectiveness of  TKA on pain and physical functioning 
remains undisputed(35,36). However, after other interventions or considering other outcome 
scores, an improvement (or deterioration) might go undetected without adjustment for internal 
scale recalibration. In the DOA trial, we did not account for response shift after TKA/THA 
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including any change in MIC, therefore we cannot determine whether the treatment effect of  pre-
operative duloxetine treatment was obscured by it. 

Implications for Future Studies and Clinical Implications

In future longitudinal studies, response shift is a phenomenon that needs to be taken into 
consideration, including the realization that the MIC scores of  patient reported outcomes might 
differ considerably depending on the type of  treatment (conservative versus operative treatment). 
It would give valuable information to have reference data of  MIC scores after different treatments 
and for different patient groups for the interpretation of  intervention trials in OA patients. Also, 
future studies can investigate whether OA patients with signs of  sensitization experience a different 
magnitude or direction of  response shift than OA patients without signs of  sensitization. In clinical 
practice it is important to realize that response shift depends on personal characteristics and 
psychological mechanisms that are different for each individual.

Concluding Remarks

This thesis provides insights into the measurement of  signs of  sensitization in hip and knee OA 
patients, and the effects of  targeted treatment of  sensitized hip and knee OA patients on long term 
outcome after THA/TKA. The research results from the present studies demonstrate a need for 
more specified measurement tools for signs of  sensitization in hip and knee OA patients, and the 
need to further explore the difference between sensitization in hip versus knee OA patients. Future 
research regarding the treatment of  sensitization in knee and hip OA patients should be focused on 
exploring different treatment regimens with duloxetine, or different neuromodulating medication, 
to investigate whether such medication has a role in the treatment of  chronic residual pain after 
TKA/THA. Future research as well as clinical practice could also focus on providing patients 
who seem prone for sensitization with behaviour-oriented strategies to fall back on if  sensitization 
should present itself  again in their future due to another physical or mental catalyst, for example 
surgery. When studying effects of  pre-operative treatments on the development of  post-operative 
pain after hip or knee arthroplasty, it is important to realize that the effect of  the arthroplasty itself  
likely induces a change of  the internal standard of  measurement of  pain relief  in the patients. 
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Introduction

The aim of  this thesis was to investigate the measurement of  signs of  sensitization in patients 
with hip or knee osteoarthritis, and to investigate the long-term effects of  targeted preoperative 
treatment of  sensitization with duloxetine after total knee or hip arthroplasty (TKA/THA). 

In chapter 1, a general introduction is given to various topics covered in this thesis. Osteoarthritis 
is one of  the most common causes of  pain, disability and loss of  quality of  life worldwide. Pain, 
the main symptom of  osteoarthritis, is a complex and multifactorial construct involving both 
intra- and extra-articular factors. The severity of  OA pain cannot be fully explained from a purely 
nociceptive approach. Changes in the neurological processing of  the pain signals, leading to 
peripheral and central sensitization, appear to play an important role in the experience of  pain 
in osteoarthritis. In the scientific literature, neuropathic-like symptoms suggestive of  sensitization 
are reported by 19% of  patients with hip OA and 19-37% of  patients with knee OA. There 
is currently no gold standard for measuring sensitization, regardless of  the underlying disease. 
Moreover, pain in osteoarthritis patients is probably not purely due to sensitization, but it also 
retains a nociceptive part. It is likely represented by a mixed pain profile given all the different 
mechanisms involved in osteoarthritis (including sensitization). The Pain DETECT Questionnaire 
(PDQ) is the only questionnaire adapted to specifically measure neuropathic-like symptoms 
indicative of  sensitization in patients with knee OA.

Part one

Part one of  this thesis aimed at obtaining a reliable and valid screening tool for neuropathic-like 
symptoms, specifically for hip or knee OA patients. In chapter 2, the English-language modified 
painDETECT Questionnaire (mPDQ) was translated and adapted for Dutch patients with hip 
or knee osteoarthritis. A reliability study was conducted in 278 patients with osteoarthritis of  the 
hip or knee, including a responsiveness analysis in 123 patients. The Dutch mPDQ shows good 
internal consistency and a small relative measurement error. The absolute measurement error is 
acceptable. Based on this study, the Dutch mPDQ appears to be suitable as a screening tool to 
identify patients with knee or hip osteoarthritis with a neuropathic-like pain profile, indicative of  
sensitization. 

Chapter 3 focuses on the validation of  the Dutch mPDQ. Structural validity studies confirmed 
two main components. However, the item about the pain pattern is unlikely to reflect the underlying 
construct. For the construct validity study, predefined hypotheses regarding the correlation 
between the mPDQ and several other questionnaires were formulated and then tested in a 
group of  168 patients. In a subgroup of  46 patients, the correlation with pain pressure threshold 
measurements (PPT) was additionally determined. Eighty percent of  the hypotheses regarding 
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the correlation between the mPDQ and the other questionnaires were confirmed. Fifty percent 
of  the hypotheses regarding the PPT measurements were met, probably due to heterogeneity of  
the PPT measurements and the limited size of  this subgroup. The mPDQ appears to be a valid 
measuring instrument to determine the neuropathic-like complaints of  patients with hip or knee 
osteoarthritis.

Part two

In part two of  this thesis, the effect of  preoperative treatment of  sensitization with duloxetine on 
the postoperative outcomes after TKA/THA was investigated, in particular chronic residual pain. 
Up to 23% of  patients after THA and up to 34% after TKA experience chronic residual pain. 
Sensitization is one of  the main risk factors for poor outcome after TKA/THA, especially for 
chronic residual pain. In chapter 4 a multicentre, pragmatic, prospective, randomized clinical 
trial was conducted in patients with end-stage primary hip or knee OA with signs of  sensitization 
who were waiting for a TKA/THA (the DOA study). Seven weeks preoperative treatment with 
60 mg duloxetine has been compared to usual care. The primary outcome measures are the Pain 
subscale of  the Knee Injury and Osteoarthritis Outcome Score (KOOS) and the Hip Disability 
and Osteoarthritis Outcome Score (HOOS). 

The long-term effect of  preoperative duloxetine treatment is described in chapter 5. One 
hundred and eleven participants were enrolled and the mean change in KOOS/HOOS pain 
sub-scale was 37 (SD 28.1) in the intervention group and 43 (SD 26.5) in the usual care group 
(on a scale of  0-100). There was no statistictically significant difference found in change in score 
six months after TKA/THA between both groups (p = 0.280). The additional longitudinal data 
analysis showed no significant postoperative differences up to one year after TKA/THA. For 
the evaluation of  change in pain over time, as described in chapter 5, it is essential to know the 
responsiveness and interpretability of  the measuring instruments used. Responsiveness is defined 
by COSMIN (COnsensus based Standards for the selection of  health Measurement Instruments) 
as “the ability of  an instrument to detect changes over time in the construct to be measured”, 
and interpretability as “the degree to which a qualitative meaning can be attributing (in other 
words, clinical or commonly understood connotations) to the quantitative change scores of  an 
instrument”. 

In chapter 6, responsiveness and interpretability of  the pain subscales of  the KOOS and HOOS 
in knee and hip osteoarthritis patients were investigated. Both criterion validity (comparison 
with a gold standard) and construct validity (testing hypotheses using correlations with other 
questionnaires) were investigated. The study used data from 93 patients from the DOA study. 
The mean change was 4.3 and 4.6 points after duloxetine treatment for patients with knee or hip 
osteoarthritis, respectively, and 31.7 and 48.8 points after TKA/THA, respectively. The Area 
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Under the Curve was 0.72 (95% CI 0.527-0.921) and 0.79 (95% CI 0.588-0.983) for patients with 
knee and hip osteoarthritis, respectively. Of  the predefined hypotheses, 69% were confirmed for 
both subscales, endorsing the responsiveness of  the KOOS and HOOS pain subscales in patients 
with knee or hip osteoarthritis and patients after TKA/THA. 

For interpretability, the Minimally Important Change (MIC) ranged between 12.2 and 37.9 for 
the KOOS pain subscale and between 11.8 and 48.6 for the HOOS pain subscale, depending 
on whether the change was assessed after treatment with duloxetine, or six months after TKA/
THA. This indicates a significant response shift after arthroplasty. This means that when assessing 
the effects of  preoperative treatments on the development of  postoperative pain after hip or knee 
replacement, it is important to realize that the effect of  the procedure itself  is likely to produce a 
change in the patients’ internal measure of  pain relief. 

General Discussion

Chapter 7 contains a general discussion of  the findings of  both parts of  this thesis, including 
clinical implications and recommendations for future studies. Based on the findings of  part one 
of  this thesis, there is a need for more specific measuring instruments for measuring signs of  
sensitization in patients with hip and knee OA, and a need to further investigate the difference in 
sensitization between patients with hip or knee OA. 

Part two of  this thesis shows the need for future research into the treatment of  sensitization in 
patients with knee or hip osteoarthritis. Consideration may be given to investigating different 
treatment regimens with duloxetine, or other neuromodulating medications, to investigate whether 
such medications play a role in the treatment of  chronic residual pain after TKA/THA. Future 
research and clinical practice could also focus on offering behavioural strategies to patients who 
appear prone to sensitization, not only to treat current symptoms, but also to fall back on should 
sensitization recur in the future as a result of  another physical or mental catalyst, such as surgery.
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Inleiding

Het doel van dit proefschrift was om het meten van tekenen van sensitisatie bij patiënten met 
heup- of  knieartrose te onderzoeken en om de effecten van gerichte preoperatieve behandeling 
van sensitisatie middels duloxetine op lange termijn na een totale knie- of  heupartroplastiek 
(TKA/THA) te onderzoeken. 

In hoofdstuk 1 wordt een algemene inleiding gegeven over verschillende onderwerpen die in dit 
proefschrift aan bod komen. Artrose vormt een van de meest voorkomende oorzaken van pijn, 
invaliditeit en verlies van kwaliteit van leven wereldwijd. Pijn, het hoofdsymptoom van artrose, 
is een complex en multifactorieel construct waarbij zowel intra- als extra-articulaire factoren 
betrokken zijn. De ernst van artrose-pijn kan niet volledig worden verklaard vanuit een puur 
nociceptieve benadering. Veranderingen in de neurologische verwerking van de pijnsignalen, 
leidend tot perifere en centrale sensitisatie, lijken een belangrijke rol te spelen in het ervaren van 
pijn in artrose. In de wetenschappelijke literatuur worden neuropathisch-achtige symptomen, 
suggestief  voor sensitisatie, gerapporteerd door 19% van de patiënten met heupartrose en 19-
37% van de patiënten met knieartrose. Momenteel is er geen gouden standaard voor het meten 
van sensitisatie, ongeacht het onderliggende ziektebeeld. Bovendien is pijn bij artrosepatiënten 
waarschijnlijk niet puur te wijten aan sensitisatie, maar behoudt het ook een nociceptief  aandeel. 
Het is waarschijnlijk een meer gemengd pijnprofiel gezien alle verschillende mechanismen die 
betrokken zijn bij artrose (inclusief  sensitisatie). De Pain DETECT-vragenlijst (PDQ) is de enige 
vragenlijst die is aangepast om specifiek bij patiënten met knieartrose neuropathisch-achtige 
symptomen te meten, die wijzen op sensitisatie. 

Deel één

Deel één van dit proefschrift is gericht op het verkrijgen van een betrouwbaar en valide screenings-
instrument voor neuropathisch-achtige symptomen, specifiek voor heup- of  knieartrose patiënten. 
In hoofdstuk 2 is de Engelstalige gemodificeerde painDETECT Vragenlijst (mPDQ) vertaald en 
aangepast voor Nederlandse patiënten met heup- of  knieartrose. Er is een betrouwbaarheidsstudie 
verricht onder 278 patiënten met heup- of  knieartrose, inclusief  een responsiviteitsanalyse bij 123 
patiënten. De Nederlandse mPDQ vertoont een goede interne consistentie en een kleine relatieve 
meetfout. De absolute meetfout is acceptabel. Op basis van deze studie lijkt de Nederlandse mPDQ 
geschikt als een screenings instrument om patiënten met knie- of  heupartrose te identificeren met 
een neuropathisch-achtig pijnprofiel, indicatief  voor sensitisatie. 

Hoofdstuk 3 richt zich op de validatie van de Nederlandse mPDQ. Bij onderzoek naar de 
structurele validiteit werden twee hoofdcomponenten bevestigd. Het item over het pijnpatroon 
echter weerspiegelt het onderliggende construct waarschijnlijk niet. Voor het onderzoek naar de 



169

Nederlandse samenvatting

construct validiteit werden vooraf  gedefinieerde hypothesen geformuleerd met betrekking tot 
de correlatie tussen de mPDQ en verschillende andere vragenlijsten en vervolgens werden deze 
getoetst in een groep van 168 patiënten. In een subgroep van 46 patiënten werd aanvullend de 
correlatie met pijndrukdrempelmetingen (PPT) bepaald.  Tachtig procent van de hypothesen met 
betrekking tot de correlatie tussen de mPDQ en de andere vragenlijsten werd bevestigd. Aan 50% 
van de hypothesen met betrekking tot de PPT-metingen werd voldaan, waarschijnlijk als gevolg 
van heterogeniteit van de PPT-metingen en de beperkte omvang van deze subgroep. De mPDQ 
lijkt een valide meetinstrument te zijn om de neuropathisch-achtige klachten van patiënten met 
heup- en knieartrose te bepalen. 

Deel twee

In deel twee van dit proefschrift is het effect van preoperatieve behandeling van sensitisatie middels 
duloxetine op de postoperatieve uitkomsten na TKA/THA onderzocht, in het bijzonder chronische 
residuele pijn. Tot 23% van de patiënten na THA en tot 34% na TKA ervaart chronische residuele 
pijn. Sensitisatie is een van de belangrijkste risicofactoren voor een slechte uitkomst na TKA/
THA, met name voor chronische residuele pijn. In hoofdstuk 4 is een multicenter, pragmatische, 
prospectieve, gerandomiseerde klinische studie beschreven, welke is uitgevoerd bij patiënten 
met eindstadium primaire heup- of  knieartrose met tekenen van sensitisatie die op de wachtlijst 
stonden voor een TKA/THA (de DOA-studie). Een preoperatieve behandeling van zeven weken 
met 60 mg duloxetine is vergeleken met gebruikelijke zorg. De primaire uitkomstmaten zijn de Pijn 
subschaal van de Knee injury and Osteoarthritis Outcome Score (KOOS) en de Hip Disability 
and Osteoarthritis Outcome Score (HOOS). 

Het langetermijneffect van preoperatieve duloxetine-behandeling is beschreven in hoofdstuk 5. 
Honderdelf  deelnemers werden geïncludeerd en de gemiddelde verandering in KOOS/HOOS-
pijn sub schaal was 37 (SD 28,1) in de interventiegroep en 43 (SD 26,5) in de groep met gebruikelijke 
zorg (op een schaal van 0-100). Er werd geen statistisch significant verschil gevonden in verandering 
in score zes maanden na TKA/THA tussen beide groepen (p = 0.280). Uit de aanvullende 
longitudinale data-analyse kwamen geen significante postoperatieve verschillen tot een jaar na 
TKA/THA. Voor de evaluatie van verandering van pijn over de tijd, zoals beschreven in hoofdstuk 
5, is het essentieel om de responsiviteit en interpreteerbaarheid van de gebruikte meetinstrumenten 
te kennen. Responsiviteit wordt door COSMIN (COnsensus based Standards for the selection 
of  health Measurement Instruments) gedefinieerd als “het vermogen van een instrument om 
veranderingen over de tijd in het te meten construct te detecteren”, en interpreteerbaarheid als 
“de mate waarin men een kwalitatieve betekenis kan toekennen (met andere woorden: klinische 
of  algemeen begrepen connotaties) aan de kwantitatieve veranderingsscores van een instrument”. 

In hoofdstuk 6 zijn responsiviteit en interpreteerbaarheid van de pijn subschalen van de KOOS 
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en HOOS bij knie- en heupartrose patiënten onderzocht. Zowel criterium-validiteit (vergelijking 
met een gouden standaard), als construct-validiteit (hypotheses testen met behulp van correlaties 
met andere vragenlijsten) zijn onderzocht. De studie maakte gebruik van data van 93 patiënten uit 
de DOA-studie. De gemiddelde verandering was 4,3 en 4,6 punten na behandeling met duloxetine 
voor patiënten met respectievelijk knie- en heupartrose en 31,7 en 48,8 punten na TKA/THA 
respectievelijk.  De Area Under the Curve was 0,72 (95% BI 0,527-0,921) en 0,79 (95% BI 0,588-
0,983) voor patiënten met respectievelijk knie- en heupartrose. Van de vooraf  gedefinieerde 
hypothesen werd 69% bevestigd voor beide subschalen, hetgeen de responsiviteit van de KOOS- 
en HOOS-pijn subschalen onderschrijft bij patiënten met knie- of  heupartrose en patiënten na 
TKA/THA. 

Wat betreft de interpreteerbaarheid lag de Minimally Important Change (MIC) tussen 12,2 en 37,9 
voor de KOOS-pijn subschaal en tussen 11,8 en 48,6 voor de HOOS-pijn subschaal, afhankelijk 
van of  de verandering werd beoordeeld na behandeling met duloxetine, of  zes maanden na TKA/
THA. Dit duidt op een aanzienlijke response shift na een artroplastiek. Dit betekent dat bij het 
beoordelen van effecten van preoperatieve behandelingen op de ontwikkeling van postoperatieve 
pijn na een heup- of  knieprothese, het belangrijk is om te beseffen dat het effect van de ingreep 
zelf  waarschijnlijk een verandering in de interne maatstaf  van pijnverlichting bij de patiënten 
teweegbrengt. 

Algemene discussie

Hoofdstuk 7 bevat een algemene discussie over de bevindingen van beide delen van dit 
proefschrift, inclusief  klinische implicaties en aanbevelingen voor toekomstige studies. Op basis van 
de bevindingen van deel één van dit proefschrift is er behoefte aan specifiekere meetinstrumenten 
voor het meten van tekenen van sensitisatie bij patiënten met heup- en knieartrose, en een 
behoefte om het verschil in sensitisatie tussen patiënten met heup- en knieartrose verder te 
onderzoeken. Deel twee van dit proefschrift toont de noodzaak aan voor toekomstig onderzoek 
naar de behandeling van sensitisatie bij patiënten met knie- of  heupartrose. Daarbij kan gedacht 
worden aan het onderzoeken van verschillende behandelingsregimes met duloxetine, of  andere 
neuromodulerende medicatie, om te onderzoeken of  dergelijke medicatie een rol speelt bij de 
behandeling van chronische residuele pijn na TKA/THA. Toekomstig onderzoek en de klinische 
praktijk zou zich ook kunnen richten op het aanbieden van gedragsgerichte strategieën aan 
patiënten die gevoelig lijken voor sensitisatie, niet alleen voor huidige klachten, maar ook om op 
terug te kunnen vallen als sensitisatie zich in de toekomst opnieuw zou voordoen als gevolg van een 
andere fysieke of  mentale katalysator, zoals bijvoorbeeld een operatie.
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Hier ligt dan echt mijn proefschrift; het is klaar. Tijd voor een nieuw hoofdstuk. Ik moet eerlijk 
zeggen dat er verschillende momenten zijn geweest waarop ik dacht dat ik deze klus niet tot het 
huidige einde zou gaan brengen. Niemand kan zoiets alleen doen en over de jaren heb ik altijd 
belangrijke steun ervaren van vele mensen die (in welke vorm dan ook) betrokken waren bij het tot 
stand komen van dit proefschrift. Hen allen wil ik hier graag bedanken; een aantal in het bijzonder.

Allereerst natuurlijk de patiënten die hebben deelgenomen aan de verschillende studies. Zonder 
hun inzet is het onmogelijk om klinisch onderzoek te doen. Zij helpen de zorg vooruit; zonder hen 
was dit proefschrift er niet geweest! 

Prof. dr. S.K. Bulstra, Sjoerd, mijn eerste promotor. Het grootste deel van de tijd was je op afstand, 
maar je voelde voor mij altijd dichtbij en op de juiste momenten was je er. Je bent een inspirerende 
persoon met je niet aflatende interesse en nieuwsgierigheid, altijd enthousiast en op de hoogte. 
Dank voor alle kansen en steun die je me hebt geboden en voor je begrip.

Mijn tweede promotor, dr I. Van den Akker-Scheek, beste Inge. Jij stond aan de bakermat van 
mijn wetenschappelijke loopbaan. Ik herinner me nog hoe ik mijn wetenschappelijke stage deed in 
het Martiniziekenhuis toen jij zwanger was van je eerste kindje. Het lijkt al zo lang geleden! Mede 
door jouw begeleiding kwam het tot mijn eerste publicatie. Mede dankzij jou raakte ik betrokken 
bij het enorme project waar Tim aan begonnen was. Je bent altijd betrokken en laagdrempelig 
benaderbaar gebleven. Ook al zat je op een gegeven moment tijdelijk in Schotland, je voelde altijd 
dichtbij. Jouw rust en scherpe blik hield mij op koers als ik dreigde af  te dwalen in statistische of  
methodologische chaos. Ik hoop dat we in de toekomst kunnen blijven samenwerken. 

Mijn derde promotor, dr. M. Stevens, beste Martin. Ik weet nog dat ik je kamer binnen struinde 
met de vraag of  je ook promotie-onderzoek voor me had, want ik vond onderzoek doen wel 
interessant. Dat was niet direct voorhanden, maar je wist dat Tim wel een helpende hand kon 
gebruiken. De rest is geschiedenis. Dank voor al je vertrouwen en betrokkenheid. Jouw deur 
staat letterlijk altijd open en je ziet altijd mogelijkheden en oplossingen. Je houdt niet van wollig 
taalgebruik en zegt volgens mij altijd wat je ergens van vindt. Wat ik het meeste in je waardeer is 
dat je het ook gewoon zegt als je vindt dat een stuk goed op papier staat, iets wat als beginnende 
wetenschapper heel opbouwend is om te horen. Jij en Inge vullen elkaar aan en samen zijn jullie 
de beste wetenschappelijke begeleiders die ik me kan voorstellen. 

Leden van de leescommissie, Prof. Dr. S.M.A. Bierma-Zeinstra, Prof. Dr. C.K. van der Sluis en 
Prof. Dr. R.L. Diercks, hartelijk dank voor het beoordelen van dit proefschrift.

Graag wil ik ook het reumafonds (ReumaNederland) bedanken voor hun subsidie die het 
mogelijk maakte om de onderzoeken op te zetten die dit proefschrift vormgaven. Tevens wil ik de 
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Nederlandse Orthopedische Vereniging en stichting ARGON bedanken.

Tim, op het moment dat ik dit schrijf  ben jij net 3 maanden geleden zelf  gepromoveerd. In 
Covid tijd, dus met een select publiek. Met het voltooien van mijn proefschrift is het DOA-tijdperk 
eindelijk ten einde gekomen. Dank voor al je inspanningen en je doorzettingsvermogen. 

Roy, bedankt voor je ondersteuning in de vaak troebele wateren van de statistiek… met name de 
mixed models.

Alle orthopeden, arts-assistenten en al het ondersteunend personeel van de orthopedie van het 
UMCG, Martiniziekenhuis Groningen en Medisch Centrum Leeuwarden wil ik bedanken voor 
hun inzet voor de DOA-studie, in welke vorm dan ook. In het bijzonder Baukje Dijkstra, dank 
voor al je logistieke ondersteuning.

Els en Yvonne van het stafsecretariaat orthopedie, dank voor alle gezelligheid en het meeleven over 
de jaren. Het was altijd fijn om even bij jullie te kunnen buurten.

Ook wil ik alle studenten bedanken die middels hun stages hebben bijgedragen, Frans, Rene, Bram 
& Bram, dank voor jullie inzet!

Kamergenootjes van het ‘onderzoekshok’ van de orthopedie, Tim, Jasper, Anton, Louren, Annet. 
Het lijkt al een eeuwigheid geleden maar ik weet nog dat het 2 bijzonder gezellige jaren waren als 
onderzoeker bij de orthopedie. Een aangename afwisseling van het klinische werken. Dank voor 
alle gezelligheid.

Dan is daar de revalidatiegroep, alle revalidatieartsen en arts-assistenten. Ik heb m’n plek gevonden 
mede dankzij jullie allemaal. Corry en Henk, dankzij jullie steun en vertrouwen was het voor mij 
mogelijk om verder te werken aan dit project en het tot een bevredigend einde te brengen. Dank 
voor alles, dank dat jullie me een kans hebben gegeven om na een moeilijke tijd aan een nieuwe 
opleiding te mogen beginnen. Mede aios revalidatie, dank voor alle gezelligheid, maar ook alle 
onderlinge steun die ik ervaar. Er wordt nogal wat lief- en leed gedeeld in onze groep!

Els en Sietke, paranimfen, jaargenootjes, vriendinnen. Dank voor alle inspiratie die jullie me 
geven. We zijn alle drie heel verschillend, maar toch ook wel een beetje hetzelfde. Els: ik kan je nog 
steeds aanraden om ook nog eens zo’n boekje als dit te schrijven :).

Al mijn lieve vrienden en vriendinnen, bedankt dat jullie in mijn leven zijn. Jullie hebben me de 
afgelopen jaren nogal eens over het onderzoek gehoord en me gesteund door dik en dun. De 
afgelopen tijd is wijn en bier steeds vaker alcoholvrij geworden en Covid zorgt dat we steeds vaker 
digitaal spelletjes doen en bijkletsen, maar ook dit gaat weer voorbij! 
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Lieve schoonfamilie, Afke en Paco met de hele piraten-bende, Jelle, Silke en kleine Douwe. Dank 
voor alle reuring en avonturen die jullie altijd met je meebrengen. Jullie zijn een frisse wind in mijn 
leven.

Geke, leave skoanmem, dank voor je wijze raad en het luisterende oor als ik er weer eens niet 
uitkom. Jij hebt zelf  al zoveel meegemaakt en gezien dat je vaak een mentor voor me bent. Maar 
daarnaast natuurlijk ook een hele leave beppe voor Brecht!

Heit en Mem, dank voor alles dat jullie me (mee)gegeven hebben. Jullie hebben me grootgebracht 
met de mentaliteit dat je gewoon goed je best moet doen, meer kun je niet. Vaak verwonderen 
jullie je over mijn belevenissen, altijd hebben jullie geduld en een luisterend oor. Maar bovenal 
hebben jullie me altijd het gevoel van een warme en stabiele basis gegeven.

Rients, lief  broertje. Als ik me weer eens druk om iets maak dan ben jij er om me aan te kijken 
met dat lachje van ‘wat maak je alles weer nodeloos ingewikkeld voor jezelf, het komt allemaal wel 
goed’. Jouw rust en stabiliteit helpen mij dan. Als ik lekker een middag met jou heb zitten gamen 
kan ik er daarna weer tegenaan!

Sjoerd en Brecht, jullie komen natuurlijk op de eerste- en de laatste plek. Sjoerd, je bent er 
onvoorwaardelijk voor me en je vindt me volgens mij goed zoals ik ben, ondanks al m’n gemopper. 
Je bent een inspirator met je tomeloze enthousiasme en een echt mensen-mens. Maar ook een 
analyticus en je vindt computers leuk, iets waar ik keer-op-keer dankbaar gebruik van maak. Ik 
hou van je en ik vind je geweldig! 

Brecht, je bent prachtig. Je ontdekt de wereld, probeert uit en verbaast je. Kortom, je doet maar 
wat, en wij eigenlijk ook…
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