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Abstract 

Objectives 

Total knee replacement (TKR) normally provides improvements of physical function and reduces 

pain. However, approximately 20% of the patients report chronic postoperative knee pain. The aims 

of the present study were to assess the pain, physical function, and physiological characteristics 5 

years after TKR surgery. 

Methods 
Eighty patients were recruited 5 years after TKR and divided into two groups based on their 

average 24-hour knee pain intensity assessed on a visual analog scale (VAS 0-10) (‘High Pain 

Group’: VAS3; ‘Low Pain Group’: VAS<3). The patients completed the painDETECT (PD-Q), 

Oxford Knee Score (OKS), Pain Catastrophizing Scale (PCS), and Forgotten Joint Score (FJS-12). 

Furthermore, the patients underwent a clinical examination of the knees and high sensitivity serum 

C-reactive protein (hs-CRP) was measured as an inflammatory marker. 

Results 
53% of the patients in the High Pain Group was not satisfied with the outcome, while only 11% of 

the patients in the Low Pain Group was not satisfied, and the pain intensities in the two groups were 

5.1 (4.6-5-6) and 1.1 (0.6-1.5), (p<0.001), respectively. Furthermore, the High Pain Group 

demonstrates worse scores in: FJS-12 (p=0.001), OKS function (p<0.001), OKS pain (p<0.001), 

and PCS (p<0.001). 

The High Pain Group demonstrated increased level of hs-CRP (4.3mg/L (3.2-5.5) vs 1.7mg/L (1.2-

2.2), p<0.001), and decreased range of motion in the knee (110-degrees ROM vs 119-degrees 

ROM, P=0.013). 

Discussion 
Patients with high chronic postoperative knee pain 5 years after TKR demonstrate decreased 

physical function, higher levels of catastrophizing thoughts, and increased levels of inflammation. 

Keywords 
C-reactive protein, Total Knee Replacement, Chronic Postoperative Pain, Physical function 
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Introduction 

Osteoarthritis (OA) is the most frequent painful musculoskeletal diagnosis in the elderly population 

and the most common cause of disability
1
 in the United States

2
 and in other developed countries.

3
 

Knee OA accounts for more than 80% of the total burden caused by OA.
3,4

 

With an expected growth in the elderly population, the incidence of knee osteoarthritis (KOA) is 

predicted to increase in the future
4
 and thereby the incidence of total knee and hip joint 

replacements are also expected to increase.
5
 

Total knee replacement (TKR) is effective and produces long-lasting improvements of physical 

function and reduces pain
6
 but it is well-described that approximately 20% of TKR patients will 

develop chronic postoperative knee pain and that these patients are less satisfied with the outcome 

compared with patients with the expected recovery.
7–10

 However, the understanding of chronic 

postoperative pain and the long-term (>1 year follow up) outcomes is incomplete.
11–14

 

Recent data have revealed a relationship between pain and inflammation in patients with painful 

OA 
15–18

 but less is known if such relationships exist for patients with chronic postoperative knee 

pain after TKR. The most common measurement of inflammation is C-reactive protein (CRP), and 

CRP is used in clinical practice as a rough indicator for infection, inflammatory diseases, or 

malignancy.
19

 In healthy persons, normal CRP levels are generally considered to be below 3 

mg/L.
19,20

 Low-grade inflammation can be defined as a CRP in the range from 3 to 10 mg/L.
19,20

 

CRP levels above 10 mg/L may suggest the presence of an underlying inflammatory disease, 

infection, or malignancy.
19,20

 

Traditionally CRP has been used to distinguish systemic inflammatory disorders such as 

rheumatoid arthritis (RA) from ‘‘noninflammatory’’ diseases such as OA.
21

 More recently, low-

level elevations in CRP have been observed in diseases where there is a local, low-grade 

inflammatory component.
21

 Previously a study has demonstrated an association between 
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preoperatively elevated CRP (low-grade inflammation) and potentially worse long-term prognosis 

after TKR.
22

 However, no studies have assessed CRP levels in patients with chronic postoperative 

pain 5 years following TKR. 

The aim of present long-term follow-up study was to evaluate the inflammatory status, along with 

characterizing the satisfaction, painDETECT scores, physical function, catastrophizing thoughts, 

and physiological characteristics in TKR patients with low or high chronic postoperative knee pain 

5 years after TKR surgery. 

Materials and Methods 

Protocol 

All the patients who underwent TKR in 2011 in the five hospitals of the Northern Region of 

Denmark were invited to a 5-years follow up examination of the knee operated in 2011. The 

invitation about whether they wanted an additional examination was a part of a simple 

questionnaire sent out in connection with another study, and was done according to the published 

protocol.
8
 Patients were assessed between April 2017 and January 2018. 

The patients were divided into two groups (a High Pain Group with VAS3, and a Low Pain Group 

with VAS<3), based on the degree of the chronic postoperative average 24-hour knee pain intensity 

assessed on a 10 cm visual analog scale (VAS, anchored at 0: no pain and 10: worst pain 

imaginable). Patients were excluded if they had undergone further surgery in the knee operated in 

2011, did not understand Danish, had previous neurologic or mental illnesses, or could not 

cooperate. Furthermore, patients were excluded if they have a recent history of acute pain affecting 

the lower limb and/or trunk, or any abuse history of alcohol or drug. 

The examination was conducted at the Orthopedic Outpatient Clinic at Aalborg University Hospital, 

Aalborg, Denmark. 
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The study was approved by the local ethics committee (N-20170072) and by the Danish Data 

Protection Agency and followed the rules of the Declaration of Helsinki. All patients signed an 

informed consent before enrollment. 

Enrolled patients were assessed using painDETECT, Forgotten Joint Score, Oxford Knee Score, 

Pain Catastrophizing Scale, and information from the medical journal which will be described 

below. 

Pain assessment 

The patients were asked to rate their average pain within the last 24-hour of the index knee on a 

visual analog scale (VAS 0-10). Also, the patients were asked to estimate what they believe their 

knee pain intensity after 30 minutes of walk would be (VAS 0-10). Furthermore, the patients were 

asked to rate their satisfaction with the outcome of the knee replacement from 2011 as ‘Very 

Satisfied’, ‘Satisfied’ or ‘Not Satisfied’. These three measurements were conducted by mail in 

connection with the screening and the patients were later invited for a medical follow-up 

examination. 

5-year medical follow up examination 

The examination included an objective examination of the knee including measurement of passive 

range of motion (ROM) (degrees from maximal extension to maximal flexion) of both knees with a 

standard goniometer (Fabrication Enterprises Inc., White Plains, NY, USA). Changes in ROM, and 

reduction flexion and extension are defined by comparison between the knees with the knee not 

operated in 2011 as reference. Examination of the patients were conducted by a surgeon with the 

patients in supine position. 

A 5ml blood sample was collected by forearm venipuncture and analyzed the same day. Serum hs-

CRP was analyzed on a Roche/Hitachi cobas c-system (Roche Diagnostics GmbH, Mannheim, 

Germany) with a limit of detection of 0.3 mg/L. 
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painDETECT Questionnaire (PD-Q) 

PainDETECT is a validated self-report questionnaire that can be used in patients with OA to 

evaluate of the likelihood of neuropathic pain in a range of contexts.
23–29

  Total PD-Q scores of ≤ 12 

suggests that presence of neuropathic pain components are unlikely, ≥ 19 indicates that presence of 

neuropathic pain component is likely, and scores between 13 to 18 indicate an uncertain 

classification.
23

 

Pain Catastrophizing Scale (PCS) 

Pain catastrophizing thoughts can be assessed by the Pain Catastrophizing Scale (PCS)
30

 and it has 

previously been demonstrated that the degree of pain catastrophizing thoughts is predictive for the 

outcome after TKR.
31,32

 However, it has also been demonstrated that some pain-relieving surgeries 

may systematically reduce catastrophizing.
33

 However, no studies have identified if pain 

catastrophizing thoughts persists in patients with chronic postoperative pain 5 years after TKR. 

The PCS is a 13-item questionnaire focusing on thoughts and feelings in connection with pain. The 

questions are to be rated on a 5-point Likert scale: 0 (not at all) to 4 (all the time). The PCS total 

score is computed by adding up the responses to all 13 items. PCS total scores range from 0 – 52. 

PCS > 30 has been suggest as a clinical cut off point for pain catastrophizing thoughts.
30

 

Oxford Knee Score (OKS) 

The Oxford Knee Score (OKS) is a disease-specific patient-reported outcomes measures (PROM) 

which is used to evaluate the knee before and after TKA.
34

 The OKS is a 12-item questionnaire 

assessing pain and function of the OA affected knee.
35,36

 

The patient scored each question (item) from 0 to 4, with 0 being the worst outcome and 4 being the 

best outcome. The summed scores of each subscale were then standardized to a range from 0 

(worst) to 100 (best). 
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Forgotten Joint Score, FJS-12 

The Forgotten Joint Score, FJS-12 is a recently published PROM scale to assess joint awareness in 

hips and knees during various activities of daily living.
37–39

 It is based on a descriptive system that 

defines health in terms of 5 dimensions, each with three response options: mobility, self-care, usual 

activities, pain/ discomfort, and anxiety/depression.
37

 It consists of 12 equally weighted questions, 

which are scored using five-point Likert scales, with the raw score transformed to range from zero 

to 100 points. High scores indicate a high degree of being able to forget about the affected joint in 

daily life.
37

 

Comorbidities 

It has previously been demonstrated that the presence of different comorbidities postoperatively can 

be predictive for the outcome of the TKR surgery, with widespread pain conditions as the strongest 

predictors.
8,40,41

 A set of predefined comorbidities was investigated, but only comorbidities noted in 

the medical record were collected. 

The following comorbidities were examined: OA elsewhere than the knee scheduled for surgery, 

fibromyalgia, chronic pain in body parts other than the knee, previous diagnosis of cancer, chronic 

obstructive pulmonary disease, diabetes, lumbar issues, history of erysipelas, stroke, rheumatic 

diseases, and dementia, which, in previous studies were parameters found associated with the 

development of chronic postoperative knee pain.
8,40–43

 

Data Analysis 

Descriptive characteristics of the sample are reported using means and 95% confidence interval 

(95% CI) unless otherwise stated. 

Normal distribution was assessed using the Shapiro-Wilk test. Normal distribution was accepted for 

all parameters except serum hs-CRP. 
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Between group differences were evaluated with independent sample t-test or the nonparametric 

Mann-Whitney U-test. 

Chi-square tests were used to compare gender, range of motion, and satisfaction. 

Statistical analyses were performed in IBM SPSS Statistics (ver. 26, IBM Corporation, New York, 

USA). P<0.05 was considered significant. All outcomes were Bonferroni corrected to account for 

multiple comparisons when appropriate. 

Results 

A total of 124 patients out of 493 accepted the invitation to a 5-year follow up examination, 44 

patients withdraw their acceptance before the examination, and 80 patients participated in the study. 

No significant difference were found between the patients responding and patients not responding 

to the invitation in regards to gender distribution (p=0.779), age (p=0.401), BMI (p=0.108), average 

24-hour knee pain intensity (p=0.601) and in pain intensity after 30 minutes of walk (p=0.723). 

A total of 18 patients reported pain score lower than VAS 3, and 62 patients reported pain score 

higher or equal VAS 3. 

Patient demographics are listed in Table 1. No differences were found between groups regarding 

patient demographics. 

Medical follow-up examination 

The High Pain Group demonstrated a significantly decreased knee range of motion (ROM) (110-

degrees ROM) compared with the Low Pain Group (119-degrees ROM, P=0.013). Reduced knee 

extension was found in 10% of the patients in the High Pain Group, and in none of the patients in 

the Low Pain Group. Reduced knee flexion was found in 58% of the patients in the High Pain 

Group, and in 33% of the patients in the Low Pain Group (table 2). 
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Serum hs-CRP 

The High Pain Group have a significantly increased serum hs-CRP level compared with the Low 

Pain Group (4.3 mg/L (95% CI 3.2-5.5) vs 1.7 mg/L (95% CI 1.2-2.2), p<0.001). None of the 

patients in the Low Pain Group had a serum hs-CRP level higher than 3 mg/L, and 26 of the 

patients in the High Pain Group (42%) had a hs-CRP level higher than 3 mg/L. (table 2). 

No significant difference in serum hs-CRP level among patients with or without presence of 

different comorbidities, or with or without osteoarthrosis in other joints (table 3). 

Knee pain at 5-years follow-up 

For patients in the High Pain Group the average 24-hour knee pain intensity was significantly 

higher than the patients in the Low Pain Group (5.0 (4.4-5.6) vs 2.1 (1.3-2.8), p<0.001) and had 

significantly higher pain intensity after 30 minutes of walk (6.0 (5.4-6.7) vs 2.8 (0.7-4.9), p<0.001) 

(table 2). 

Satisfaction 

The percentage of patients in the High Pain Group (47%) who were ‘very satisfied’ or ´satisfied´ 

with the outcome was significantly lower than in the Low Pain Group (89%) compared with the 

High Pain Group (p<0.0001). While 33 of the patients in the High Pain Group (53%) were ‘not 

satisfied’, only 2 patients in the Low Pain Group (11%) was ‘not satisfied’ with the TKR 

(P<0.0001), (table 2). 

PainDETECT 

The High Pain Group demonstrated the highest painDETECT score (14.8 (95% CI 13.2-16.3) vs 6.8 

(95% CI 4.4-9.1), p<0.001) (table 2). 

Furthermore, 18 (29%) of the patients in the High Pain Group had a neuropathic pain component 

according to the painDETECT-score. None of the patients in the Low Pain Group had neuropathic 

pain components. 
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Pain Catastrophizing Scale, PCS 

The High Pain Group reported a significantly higher score on the PCS (18.9 (95% CI 15.6-22.1) vs 

4.0 (95% CI 1.3-6.7), p<0.001) (table 2). Furthermore, 12 out of 62 (19%) patients in the High Pain 

Group had a PCS 30, and 0 out of 18 patients in the Low Pain Group had a PCS 30. 

Oxford Knee Score 

The High Pain Group demonstrated a significantly lower Oxford Knee Score for both the function 

component (53.7 (95% CI 50.2-57.2) vs. 79.3 (95% CI 71.7-86.9), p<0.001) and the pain 

component (49.8 (95% CI 46.6-53.0) vs 74.6 (95% CI 67.0 -82.2), p<0.001) compared with the 

Low Pain Group (table 2). 

Forgotten Joint Score, FJS-12 

The High Pain Group scored significantly lower on the FJS-12 than the Low Pain Group (22.6 

(95% CI 16.9-28.3) vs 42.8 (95% CI 33.2-52.3), p=0.001) (table 2). 

Comorbidities 

The High Pain Group and the Low Pain Group did not demonstrate a significantly differences in 

number of comorbidities (1.06 vs 0.8, p=0.265). However, rheumatic diseases (p=0.007), 

fibromyalgia (p=0.045) and chronic pain in other body parts than the knee (p=0.024) was only 

present among patients in the High Pain Group (table 2). No other registered comorbidities had any 

significance in presence in the two groups. 

Discussion 

The present study found that patients with high chronic postoperative knee pain demonstrate 

decreased physical function, high levels of pain catastrophizing thoughts, and increased levels of 

serum CRP as compared with patients with low knee pain 5 years after a TKR. 

The primary aims of TKR are pain relief and improve the function of the knee, and thereby increase 

the quality of life for the patient.
44

 However, it is now well documented that a number of patients 
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report chronic postoperative knee pain with functional limitations.
7,8

 Poor outcomes after an 

elective procedure such as TKR can lead to patient dissatisfaction, poor health-related quality of life 

and psychological distress
10

 as further highlighted in the current long-term 5-years follow-up study. 

In general, little is known about the long-term (e.g. 5 years) outcome after TKR and its 

consequences, since most studies have followed patients for one year, when comparing the patients 

with chronic knee pain with the patients without knee pain.
45,46

 It has been shown consistently that 

around 20% of the patients will experience chronic knee pain up to one year after TKR and a 

majority of those patients will report to be dissatisfied with the outcome.
10,47–50

 

Range-of-motion (ROM) has been linked to the performance of functional activities, with reduced 

ROM associated to lower degree of satisfaction of the outcome after TKR.
51,52

 Despite the relative 

low degree of reduced ROM, ROM is important for the individual patient, and commonly used as a 

patient related measurement of the functional outcome. 
51–53

 Furthermore, it could impact the use 

and wear of the patients’ other knee, with increased overload as a result.
54

 

Several studies have sub-grouped the patients according to the degree of satisfaction and have 

found associations between degree of satisfaction and postoperative knee pain, indicating that low 

satisfaction and high clinical pain intensities are associated, and therefore both factors should be 

addressed when assessing patients in the clinic.
48–50,55

 Furthermore, associations between low 

degree of satisfaction and low scores in FJS-12, and OKS have been established.
49,55–58

 

The present study demonstrates a substantial degree of dissatisfaction (53%) in the group of patients 

with chronic postoperative knee pain 5 years after TKR. However, it is interesting that 47% of 

patients experiencing chronic postoperative knee pain 5 years after TKR either are very satisfied 

(12%) or satisfied (37%) with the outcome of the knee replacement. The reason why almost half of 

patients within the high-pain group is satisfied with the knee replacement is unknown but might 

reflect that the patients have experienced some degree of pain relief compared with the preoperative 
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status, and that satisfaction with surgery in not solely driven by pain-relief. Clement et al
50

 

demonstrated that the degree of satisfaction was not stable over a period of 5 years, and that 

increased pain symptoms were associated with increased dissatisfaction which has been confirmed 

in other studies.
48,49,55

 

Preoperative pain catastrophizing thoughts have widely been used
32,59,60

 to predict the pain 1 year 

after TKR with high preoperative catastrophizing level predicting high postoperative knee pain. 

However, previous study suggest that some knee OA patients show spontaneous changes in 

catastrophizing
31

 and that pain-relieving surgeries may systematically reduce catastrophizing.
33

 

Only few studies have evaluated the effect of preoperative pain catastrophizing on long-term (e.g. 5 

years) outcomes.
61,62

 However, no studies have identified if pain catastrophizing thoughts persists in 

patients with chronic postoperative pain 5 years after TKR. In accordance with previously 

demonstrated
62

, present study demonstrates that among the patients with chronic knee pain a higher 

degrees of pain catastrophizing thoughts exists. 

Serum hs-CRP 

Recently low-grade inflammation has been described having a predictive role in the development 

and progression of OA 
63

, with serum CRP levels as a bio-marker associated with local 

inflammation
21

, knee pain and knee stiffness.
22,64,65

 Smith et al.
22

 showed that KOA patients with 

high preoperative serum hs-CRP levels (average higher than 7 mg/L) demonstrated high 1-year 

postoperative serum hs-CRP levels (average higher than 14 mg/L), indicating a continued chronic 

low-grade inflammation. In addition worse outcome in the Short Form health outcomes survey (SF-

12) have been identified in patients with higher preoperative serum hs-CRP levels 6 and 12 months 

after TKR.
22

 

One of the major mediators of inflammatory are cytokines, which induce and maintain the 

processes in diseases like OA
66

, with Interleukin-6 (IL-6) as a key player in systemic inflammation 
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and OA.
67

 In relation to OA, increased serum hs-CRP levels correlates with increased IL-6 levels
21

 

which correlates with pain intensity
64

, suggesting that serum hs-CRP can be an indicator of poor 

outcomes after TKR
15,22

 and the present study can extend these findings to the 5 years postoperative 

pain status. 

Limitations 

Recruitment of participants in present study was based on the patient’s own response on whether or 

not they wanted to receive an additional medical examination 5 years postoperatively. They were 

asked by mail, at the same time as they were asked to rate their worst pain in the last 24 hours. By 

actively being asked to relate to their TKR and about whether or not their pain originates from the 

knee, could create a selection bias in which patients from the original cohort accepted the invitation. 

Furthermore, 44 out of 124 patients (35%) withdraw their acceptance before the examination, 

ending up with 80 patients out of the original cohort of 604 patients operated with a TKR in 2011. 

However, no significant difference regarding preoperative demographics between responders and 

non-responders was detected. 

As stated in the introduction, it is broadly accepted that approximately 20% of the TKR patients 

experience chronic postoperative knee pain. However, it is important highlight that the purpose of 

present study not is to evaluate this, but to characterize the patients with high and low chronic 

postoperative knee pain. 

Due to the sample size it is not possible to identify if the presence of any comorbidity will have an 

impact on the serum hs-CRP level in patients with high or low chronic postoperative pain after 

TKR. However, the study was designed as an explorative study, and as such no firm statistical plan 

was formulated a priori, which further highlights the preliminary nature at the study. The findings 

should therefore be replicated in future studies for confirmation. 

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

ACCEPTED



In general, the conclusion of the study would have been stronger, if presurgical data were available, 

both to document the development of catastrophizing thoughts, and the low-grade inflammation has 

been developed before or after the surgery. 

Conclusion 

The current study found that patients with high chronic postoperative knee pain 5 years after TKR 

express presence of low-grade inflammation through increased levels of serum hs-CRP, indicating 

that inflammation can contribute to drive the pain. Furthermore, the patients with high chronic 

postoperative knee pain 5 years after TKR demonstrate significantly worse outcome as decreased 

physical function, and higher levels of catastrophizing thoughts compared with patients with low 

knee pain 5 years after TKR. 

Conflict(s) of interest 

The authors have no conflict of interest to declare. 

Source(s) of Financial Support for the Project 

The Danish Rheumatism Association is acknowledged for providing the opportunity to conduct the 

study. Center for Neuroplasticity and Pain (CNAP) is supported by the Danish National Research 

Foundation (DNRF121). 

  

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

ACCEPTED



References 

1.  Peat G, McCarney R, Croft P. Knee pain and osteoarthritis in older adults: a review of 

community burden and current use of primary health care. Ann Rheum Dis. 2001;60(2):91-

97. 

2.  Murray C, Atkinson C, Bhalla K, et al. The state of US health, 1990-2010: burden of 

diseases, injuries, and risk factors. JAMA - J Am Med Assoc. 2013;310(6):591-608. 

3.  Vos T, Flaxman AD, Naghavi M, et al. Years lived with disability (YLDs) for 1160 sequelae 

of 289 diseases and injuries 1990-2010: A systematic analysis for the Global Burden of 

Disease Study 2010. Lancet. 2012;380(9859):2163-2196. 

4.  Wallace IJ, Worthington S, Felson DT, et al. Knee osteoarthritis has doubled in prevalence 

since the mid-20th century. Proc Natl Acad Sci. 2017;114(35):9332-9336. 

5.  Kurtz S, Ong K, Lau E, et al. Projections of primary and revision hip and knee arthroplasty in 

the United States from 2005 to 2030. J Bone Jt Surg - Ser A. 2007;89(4):780-785. 

6.  Carr AJ, Robertsson O, Graves S, et al. Knee replacement. Lancet. 2012;379(9823):1331-

1340. 

7.  Beswick AD, Wylde V, Gooberman-Hill R, et al. What proportion of patients report long-

term pain after total hip or knee replacement for osteoarthritis? A systematic review of 

prospective studies in unselected patients. BMJ Open. 2012;2(1):e000435. 

8.  Skrejborg P, Petersen KK, Kold S, et al. Presurgical Comorbidities as Risk Factors for 

Chronic Postsurgical Pain Following Total Knee Replacement. Clin J Pain. 2019;35(7):577-

582. 

9.  Grosu I, Lavand’homme P, Thienpont E. Pain after knee arthroplasty: An unresolved issue. 

Knee Surgery, Sport Traumatol Arthrosc. 2014;22(8):1744-1758. 

10.  Dunbar MJ, Richardson G, Robertsson O. I can ’ t get no satisfaction after my total knee 

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

ACCEPTED



replacement. Rhytmes and reasons. Bone Jt J. 2013;95-B(Supl 11):148-152. 

11.  Petersen KK, Simonsen O, Laursen MB, et al. Chronic postoperative pain after primary and 

revision total knee arthroplasty. Clin J Pain. 2015;31(1):1-6. 

12.  Petersen KK, Arendt-Nielsen L, Simonsen O, et al. Presurgical assessment of temporal 

summation of pain predicts the development of chronic postoperative pain 12 months after 

total knee replacement. Pain. 2015;156(1):55-61. 

13.  Skou ST, Graven-Nielsen T, Rasmussen S, et al. Facilitation of pain sensitization in knee 

osteoarthritis and persistent post-operative pain: A cross-sectional study. Eur J Pain (United 

Kingdom). 2014;18(7):1024-1031. 

14.  Arendt-Nielsen L, Simonsen O, Laursen MB, et al. Pain and Sensitisation after Total Knee 

Replacement or Non-Surgical Treatment in Patients with Knee Osteoarthritis: Identifying 

Potential Predictors of Outcome at 12 Months. Eur J Pain. 2018:1-15. 

15.  Eitner A, Pester J, Vogel F, et al. Pain sensation in human osteoarthritic knee joints is 

strongly enhanced by diabetes mellitus. Pain. 2017;158(9):1743-1753. 

16.  De Lange-Brokaar BJE, Ioan-Facsinay A, Yusuf E, et al. Association of pain in knee 

osteoarthritis with distinct patterns of synovitis. Arthritis Rheumatol. 2015;67(3):733-740. 

17.  Neogi T, Guermazi A, Roemer F, et al. Association of Joint Inflammation with Pain 

Sensitization in Knee Osteoarthritis: The Multicenter Osteoarthritis Study. Arthritis 

Rheumatol. 2016;68(3):654-661. 

18.  Yusup A, Kaneko H, Liu L, et al. Bone marrow lesions, subchondral bone cysts and 

subchondral bone attrition are associated with histological synovitis in patients with end-

stage knee osteoarthritis: A cross-sectional study. Osteoarthr Cartil. 2015;23(11):1858-1864. 

19.  Windgassen EB, Funtowicz L, Lunsford TN, et al. C-reactive protein and high-sensitivity C-

reactive protein: An update for clinicians. Postgrad Med. 2011;123(1):114-119. 

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

ACCEPTED



20.  Tao Q, Ang TFA, DeCarli C, et al. Association of Chronic Low-grade Inflammation With 

Risk of Alzheimer Disease in ApoE4 Carriers. JAMA Netw open. 2018;1(6):e183597. 

21.  Pearle AD, Scanzello CR, George S, et al. Elevated high-sensitivity C-reactive protein levels 

are associated with local inflammatory findings in patients with osteoarthritis. Osteoarthr 

Cartil. 2007;15(5):516-523. 

22.  Smith JW, Martins TB, Gopez E, et al. Significance of C-reactive protein in osteoarthritis 

and total knee arthroplasty outcomes. Ther Adv Musculoskelet Dis. 2012;4(5):315-325. 

23.  Freynhagen R, Baron R, Gockel U, et al. pain DETECT : a new screening questionnaire to 

identify neuropathic components in patients with back pain. Curr Med Res Opin. 

2006;22(10):1911-1920. 

24.  Hochman JR, Davis AM, Elkayam J, et al. Neuropathic pain symptoms on the modified 

painDETECT correlate with signs of central sensitization in knee osteoarthritis. Osteoarthr 

Cartil. 2013;21(9):1236-1242. 

25.  Koop SMW, ten Klooster PM, Vonkeman HE, et al. Neuropathic-like pain features and 

cross-sectional associations in rheumatoid arthritis. Arthritis Res Ther. 2015;17(1):1-8. 

26.  Hochman JR, Gagliese L, Davis AM, et al. Neuropathic pain symptoms in a community knee 

OA cohort. Osteoarthr Cartil. 2011;19(6):647-654. 

27.  Moreton BJ, Tew V, Das Nair R, et al. Pain phenotype in patients with knee osteoarthritis: 

Classification and measurement properties of painDETECT and self-report leeds assessment 

of neuropathic symptoms and signs scale in a cross-sectional study. Arthritis Care Res. 

2015;67(4):519-528. 

28.  Moss P, Benson HAE, Will R, et al. Patients with Knee Osteoarthritis Who Score Highly on 

the PainDETECT Questionnaire Present with Multimodality Hyperalgesia, Increased Pain, 

and Impaired Physical Function. Clin J Pain. 2018;34(1):15-21. 

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

ACCEPTED



29.  Roubille C, Raynauld JP, Abram F, et al. The presence of meniscal lesions is a strong 

predictor of neuropathic pain in symptomatic knee osteoarthritis: A cross-sectional pilot 

study. Arthritis Res Ther. 2014;16(1):1-7. 

30.  Sullivan M, Bishop S, Pivik J. The pain catastrophizing scale: development and validation. 

Psychol Assess. 1995;7(4):524-532. 

31.  Wade JB, Riddle DL, Thacker LR. Is pain catastrophizing a stable trait or dynamic state in 

patients scheduled for knee arthroplasty? Clin J Pain. 2012;28(2):122-128. 

32.  Riddle DL, Wade JB, Jiranek WA, et al. Preoperative pain catastrophizing predicts pain 

outcome after knee arthroplasty. Clin Orthop Relat Res. 2010;468(3):798-806. 

33.  Gibson E, Sabo MT. Can pain catastrophizing be changed in surgical patients? A scoping 

review. Can J Surg. 2018;61(5):311-318. 

34.  Dawson J, Fitzpatrick R, Murray D, et al. Questionnaire on the perceptions of patients about 

total knee replacement. J Bone Jt Surg - Ser B. 1998;80(1):63-69. 

35.  Harris K, Dawson J, Doll H, et al. Can pain and function be distinguished in the Oxford Knee 

Score in a meaningful way? An exploratory and confirmatory factor analysis. Qual Life Res. 

2013;22(9):2561-2568. 

36.  Murray DW, Fitzpatrick R, Rogers K, et al. The use of the Oxford hip and knee scores. J 

Bone Joint Surg Br. 2007;89(8):1010-1014. 

37.  Behrend H, Giesinger K, Giesinger JM, et al. The “Forgotten Joint” as the Ultimate Goal in 

Joint Arthroplasty. Validation of a New Patient-Reported Outcome Measure. J Arthroplasty. 

2012;27(3):430-436.e1. 

38.  Thienpont E, Opsomer G, Koninckx A, et al. Joint awareness in different types of knee 

arthroplasty evaluated with the forgotten joint score. J Arthroplasty. 2014;29(1):48-51. 

39.  Thienpont E, Vanden Berghe A, Schwab PE, et al. Joint awareness in osteoarthritis of the hip 

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

ACCEPTED



and knee evaluated with the ‘Forgotten Joint’ Score before and after joint replacement. Knee 

Surgery, Sport Traumatol Arthrosc. 2016;24(10):3346-3351. 

40.  Peter WF, Dekker J, Tilbury C, et al. The association between comorbidities and pain, 

physical function and quality of life following hip and knee arthroplasty. Rheumatol Int. 

2015;35(7):1233-1241. 

41.  Singh JA, Lewallen DG. Medical and psychological comorbidity predicts poor pain 

outcomes after total knee arthroplasty. Rheumatol (United Kingdom). 2013;52(5):916-923. 

42.  Hawker GA, Badley EM, Borkhoff CM, et al. Which patients are most likely to benefit from 

total joint arthroplasty? Arthritis Rheum. 2013;65(5):1243-1252. 

43.  Ayers DC, Li W, Oatis C, et al. Patient-Reported Outcomes After Total Knee Replacement 

Vary on the Basis of Preoperative Coexisting Disease in the Lumbar Spine and Other 

Nonoperatively Treated Joints. J Bone Jt Surgery-American Vol. 2013;95(20):1833-1837. 

44.  Price AJ, Alvand A, Troelsen A, et al. Knee replacement. Lancet. 2018;392(10158):1672-

1682. 

45.  Blom AW, Artz N, Beswick AD, et al. Improving patients’ experience and outcome of total 

joint replacement: the RESTORE programme. Program Grants Appl Res. 2016;4(12):1-508. 

46.  Wylde V, Penfold C, Rose A, et al. Variability in long-term pain and function trajectories 

after total knee replacement: A cohort study. Orthop Traumatol Surg Res. 2019;105(7):1345-

1350. 

47.  Jacobs CA, Christensen CP. Factors influencing patient satisfaction two to five years after 

primary total knee arthroplasty. J Arthroplasty. 2014;29(6):1189-1191. 

48.  Kahlenberg CA, Nwachukwu BU, McLawhorn AS, et al. Patient Satisfaction After Total 

Knee Replacement: A Systematic Review. HSS J. 2018;14(2):192-201. 

49.  Shannak O, Palan J, Esler C. A regional registry study of 216 patients investigating if patient 

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

ACCEPTED



satisfaction after total knee arthroplasty changes over a time period of five to 20 years. Knee. 

2017;24(4):824-828. 

50.  Clement ND, Bardgett M, Weir D, et al. Three groups of dissatisfied patients exist after total 

knee arthroplasty: Early, persistent, and late. Bone Jt J. 2018;100B(2):161-169. 

51.  McGinnis K, Snyder-Mackler L, Flowers P, et al. Dynamic joint stiffness and co-contraction 

in subjects after total knee arthroplasty. Clin Biomech. 2013;28(2):205-210. 

52.  Herbold JA, Bonistall K, Blackburn M, et al. Randomized controlled trial of the effectiveness 

of continuous passive motion after total knee replacement. Arch Phys Med Rehabil. 

2014;95(7):1240-1245. 

53.  Turcot K, Sagawa Y, Fritschy D, et al. How gait and clinical outcomes contribute to patients’ 

satisfaction three months following a total knee arthroplasty. J Arthroplasty. 

2013;28(8):1297-1300. 

54.  Metcalfe A, Stewart C, Postans N, et al. Abnormal loading of the major joints in knee 

osteoarthritis and the response to knee replacement. Gait Posture. 2013;37(1):32-36. 

55.  Loth FL, Giesinger JM, Giesinger K, et al. Single-item satisfaction scores mask large 

variations in pain, function and joint awareness in patients following total joint arthroplasty. 

Eur J Orthop Surg Traumatol. 2019;30:267-274(2020). 

56.  Conner-Spady BL, Bohm E, Loucks L, et al. Patient expectations and satisfaction 6 and 12 

months following total hip and knee replacement. Qual Life Res. 2019;29:705-719. 

57.  Giesinger JM, Hamilton DF, Jost B, et al. WOMAC, EQ-5D and Knee Society Score 

Thresholds for Treatment Success After Total Knee Arthroplasty. J Arthroplasty. 

2015;30(12):2154-2158. 

58.  Behrend H, Zdravkovic V, Giesinger J, et al. Factors Predicting the Forgotten Joint Score 

After Total Knee Arthroplasty. J Arthroplasty. 2015;31(9):1927-1932. 

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

ACCEPTED



59.  Riddle DL, Keefe FJ, Ang DC, et al. Pain coping skills training for patients who 

catastrophize about pain prior to knee arthroplasty: A multisite randomized clinical trial. J 

Bone Jt Surg - Am Vol. 2019;101(3):218-227. 

60.  Birch S, Stilling M, Mechlenburg I, et al. No effect of cognitive behavioral patient education 

for patients with pain catastrophizing before total knee arthroplasty: a randomized controlled 

trial. Acta Orthop. 2020;91(1):98-103. 

61.  Bierke S, Petersen W. Influence of anxiety and pain catastrophizing on the course of pain 

within the first year after uncomplicated total knee replacement: a prospective study. Arch 

Orthop Trauma Surg. 2017;137(12):1735-1742. 

62.  Bierke S, Häner M, Karpinski K, et al. Midterm Effect of Mental Factors on Pain, Function, 

and Patient Satisfaction 5 Years After Uncomplicated Total Knee Arthroplasty. J 

Arthroplasty. 2019;35(1):105-111. 

63.  Robinson WH, Lepus CM, Wang Q, et al. Low-grade inflammation as a key mediator of the 

pathogenesis of osteoarthritis. Nat Rev Rheumatol. 2016;12(10):580-592. 

64.  Stürmer T, Brenner H, Koenig W, et al. Severity and extent of osteoarthritis and low grade 

systemic inflammation as assessed by high sensitivity C reactive protein. Ann Rheum Dis. 

2004;63(2):200-205. 

65.  Takahashi M, Naito K, Abe M, et al. Relationship between radiographic grading of 

osteoarthritis and the biochemical markers for arthritis in knee osteoarthritis. Arthritis Res 

Ther. 2004;6(3):208-212. 

66.  Schaible HG. Nociceptive neurons detect cytokines in arthritis. Arthritis Res Ther. 

2014;16(5):470. 

67.  Fonseca JE, Santos MJ, Canhão H, et al. Interleukin-6 as a key player in systemic 

inflammation and joint destruction. Autoimmun Rev. 2009;8(7):538-542. 

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

ACCEPTED



  

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

ACCEPTED



Table 1 Pre-operative demographics retrieved from patients record. BMI, Body Mass Index. 

TABLE 1 High Pain Group Low Pain Group p-value 

Number 62 18  

Gender, male/female 27/35 6/12 0.445 

Age at the time of surgery, years 63.9 (61.9-66.0) 65.8 (66.7-69.0) 0.359 

BMI, kg/m2 31.6 (30.2-33.0) 29.4 (26.5-32.3) 0.147 
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Table 2 Mean range of motion in the index knee, and number of patients with reduced flexion/extension in the knee mean serum hs-

CRP, mean pain scores (VAS) in the last 24 hours, and after 30 minutes of walk, the degree of satisfaction 5 years postoperatively 

and mean, painDETECT, Oxford Knee Score, Pain Catastrophizing Scale, and Forgotten Joint Score, and presence of comorbidities 

in patients categorized into a Low or a High chronic postoperative pain group. 

TABLE 2 High Pain Group Low Pain Group p-value 

Knee range of motion, extension/flexion (degree) 110 (106-114) 119 (114-123) 0.013 

Patients with reduced extension in index knee (n, %) 6(10%) 0 (0%) <0.001 

Patients with reduced flexion in index knee (n, %) 36 (58%) 6 (33%) <0.001 

Serum hs-CRP (mg/L) 4.3 (3.2-5.4) 1.5 (1.0-1.9) <0.001 

Average pain last 24hours (VAS, 0-10) 5.0 (4.4-5.6) 2.1 (1.3-2.8) <0.001 

Pain after 30 minutes of walk, (VAS, 0-10) 6.0 (5.4-6.7) 2.8 (0.7-4.9) <0.001 

Satisfaction (Very satisfied/satisfied/not satisfied) 7/22/33 10/6/2 <0.001 

painDETECT 14.8 (13.2-16.3) 6.8 (4.4-9.1) <0.001 

Pain Catastrophizing Scale 18.9 (15.6-22.1) 4.0 (1.3-6.7) <0.001 

Oxford Knee Score, function component 53.7 (50.2-57.2) 79.3 (71.7-86.9) <0.001 

Oxford Knee Score, pain component 49.8 (46.6-53.0) 74.6 (67.0 -82.2) <0.001 

Forgotten Joint Score, FJS-12, (0-100) 22.6 (16.9-28.3) 42.8 (33.2-52.3) 0.001 

Number of comorbidities 1.06 (0.8-1.3) 0.8 (0.2-1.4) 0.265 

Patients with Rheumatic disease (n) 7 0 0.007 

Patients with Chronic pain in other body part than the knee (n) 4 0 0.045 

Patients with Fibromyalgia (n) 5 0 0.024 

N, number of patients. Hs-CRP, high sensitivity C-reactive protein. VAS, visual analog scale. OKS, Oxford Knee Score. 
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Table 3 Mean levels of serum hs-CRP in patients with or without the registered comorbidities. Only comorbidities with a presence of 
more than 3 are calculated. 

TABLE 3 Yes No p-value 

Rheumatic disease 4.8 (1.8-7.9), n=7 3.5 (2.6-4.5), n=73 0.423 

Chronic pain in other body part than the knee 7.8 (-3.6-19.2), n=4 3.4 (2.6-4.3), n=76 0.309 

Fibromyalgia 2.7 (1.1-4.3), n=5 3.7 (2.7-4.7), n=75 0.593 

Osteoarthrosis in other joints 3.7 (2.7-4.7), n=60 3.4 (1.2-5.7), n=19 0.803 

Previous diagnosis of cancer 3.0 (0.9-5.0), n=12 3.8 (2.7-4.8), n=68 0.526 

Diabetes 4.4 (0.5-8.2), n=10 3.6 (2.6-4.5), n=70 0.567 

Lumbar issues 3.1 (1.6-4.7), n=27 3.9 (2.8-5.1), n=53 0.399 

History of erysipelas 4.0 (-1.9-9.8), n=5 3.6 (2.7-4.6), n=75 0.863 
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