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This thesis focused on patient-reported pain, function and participation 
in patients with hip or knee OA prior to and after total hip or knee 
arthroplasty (THA and TKA). Based on the ICF-model, a comprehensive 
model for health status, specifically the ICF core set for OA (1-3), three 
study aims were formulated in the introduction:

1.	 To investigate associations between radiographic OA severity, 
knee instability, pain and function prior to and after THA and/
or TKA

2.	 To evaluate factors influencing physical activities in patients 
with end-stage hip or knee OA.

3.	 To identify determinants of return to work after THA or TKA.
 The current chapter discusses the results and clinical implications of the 
abovementioned aims consecutively.

Part 1. Associations between radiographic OA severity, knee instability, 
pain and function prior to and after THA and/or TKA.
Effect modification of radiographic OA severity on the effect of 
preoperative pain on postoperative pain and function (Chapter 2)
The results of the study described in Chapter 2 showed that, in line 
with the literature, less radiographic OA severity and more preoperative 
pain were associated with worse postoperative pain (Chapter 2) (4-8). 
Function was solely affected by radiographic OA severity (4, 5). To our 
knowledge, no previous study investigated the combined effect of OA 
severity and preoperative pain on postoperative outcomes. We found 
that the effect of preoperative pain on the postoperative outcomes 
seemed to become less important when patients had more severe OA. 
We believe that this effect modification of radiographic OA severity on the 
association of preoperative pain with postoperative outcomes should be 
taken into account, when new prognostic models for outcomes after TKA 
are developed. Another interesting finding was that a substantial part of 
the included patients (12%) had only mild radiographic OA according to 
the KL score. In these patients, pain or functional disability were probably 
the main indications for surgery rather than their OA severity. Accordingly, 
the finding may also indicate that, in these patients, structural damage of 
the knee may not have been the major driver of perceived pain. It may 
indeed be more plausible that other mechanisms, such as central pain 
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sensitization, may underlie pain levels (7). When pain sensitization is 
apparent, the central nervous system is altered in such a way that patients 
experience more pain than one should expect with a certain provocation 
(7). A previous study showed that increased central pain sensitization 
was apparent in OA patients who perceived much pain but who had little 
radiographic OA severity (7). Consequently, if the main source of the pain 
is not structural damage of the knee, patients with low radiographic OA 
severity and much perceived pain will gain less improvement from TKA 
compared to patients with high radiographic OA severity who experience 
the same levels of pain. More research on the source of pain in knee OA 
patients with mild structural damage of the knee joint is necessary.

Recovery trajectories after total hip and knee arthroplasty and early 
postoperative identification of patients at risk for unfavourable one-year 
outcome (Chapter 3)
In this thesis we showed that patients at risk for an unfavourable 
pain or function outcome at one-year could be identified six months 
postoperatively by preoperative pain and function scores as well as 
clinical change in the first six months (Chapter 3). Early postoperative 
identification of patients at risk for one-year unfavourable outcomes 
provides the opportunity to start early interventions for optimising 
clinical outcome  (9, 10). These early postoperative interventions could 
probably result in shortened time to recovery, reduced distress to 
patients and maximized cost-effectiveness for the healthcare system as 
such (11). Besides, early postoperative identification of patients at risk 
for unfavourable long-term outcome, could help orthopaedic surgeons 
to identify which patients should be invited for follow-up visits at the 
outpatient clinic. Currently, many orthopaedic surgeons invite all patients 
for routine follow-up visits during the first postoperative year. This 
imposes substantial costs to the health care system, whereas in only very 
few cases patient management is altered (12, 13). Although the latter is 
true from a managerial perspective, the patient perspective on subjective 
well-being and reassurance on outcome has to be taken into account as 
well in future studies. Further research should identify the generalizability 
of our findings in other cohorts and focus on rehabilitation strategies 
improving outcomes in patients with unfavourable initial recovery.
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Knee instability and its associations with radiographic features, pain, 
function and QoL (Chapters 4 and 5)
The majority of patients (72%) with knee OA reported knee instability 
prior to TKA. Although we hypothesised that self-reported knee instability 
would be associated with radiographic features, no associations were 
found. This suggests that structural damage of the knee prior to TKA might 
not be related to the sense of knee instability, whereas previous studies 
suggested that either osteophyte formation prevented the progression of 
instability or joint space narrowing contributed to a higher prevalence of 
instability in OA knees (14-16). Possible explanations for the discrepancy 
could be related to the definition of stability (varus-valgus laxity versus 
self-reported knee stability) and the different types of osteophytes (17, 
18). A recent radiographic study on the size and direction of osteophytes 
in knee OA suggested that only small, predominantly outward extending 
osteophytes (i.e. increasing the surface area of the joint) create stability 
(18). Thus, future studies should not only include size, but also the 
location of osteophytes when analysing the association with instability. 
In another analysis it was found that one year following TKA, the proportion 
of patients with perceived instability was much lower than before 
surgery, with 21% of the patients reporting a sense of knee instability. 
Of the patients with preoperative knee instability, this perception was 
retained in 25%. Pre-, postoperative and retained knee instability were 
associated with more perceived pain, activity limitations, and poorer QoL. 
Potential underlying mechanisms for these associations include muscle 
weakness and fear of movement, closely related to pain catastrophizing 
(19-22). Muscle weakness, a factor associated with complaints of OA, 
may contribute to a delayed response of muscles to sudden forces on 
the knee, which results in excessive moments of the knee joint and the 
perception of knee joint instability (19). This suggests that improving 
muscle strength could be a target for intervention. Furthermore, the 
associations between knee instability and perceived pain, activity 
limitations and (to a lesser extent) QoL could be related to the previous 
found association between knee stability and fear of movement (23, 
24). Fear of movement results, according to the fear-avoidance model, 
in decreased physical activity, which worsens pain perception, increases 
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pain catastrophizing and alters joint proprioception. Proprioception is 
one of the main factors affecting the sense of joint instability (23). Fear 
of movement could thereby increase the sense of joint instability, which 
leads to more avoidance of activities and increased pain catastrophising 
(23, 24). Future studies should identify if improving fear-avoidance and 
encouraging performance can improve proprioception and thus the sense 
of knee instability. From a clinical perspective, knee instability might 
help orthopaedic surgeons to evaluate outcome after TKA. Due to the 
associations with clinical outcomes, retained knee joint instability could 
be an easily identifiable alarm symptom for poor clinical outcomes. When 
retained knee joint instability is present, orthopaedic surgeons should be 
aware of a higher risk for poor clinical outcomes.

Part 2. Factors influencing physical activity in patients with end-stage 
hip or knee OA
In Chapter 6 we showed that joint pain and functional limitations were 
not associated with physical activity as measured with an accelerometer 
in neither hip nor knee OA patients scheduled for joint replacement. 
However, in hip OA patients QoL was associated with objectively measured 
physical activity. The observation that pain and functional limitations do 
not influence objective physical activity levels are in line with previous 
studies, that concluded that patients with OA are equally active as 
compared to the general population (25) and that physical activity levels 
do not increase after interventions such as THA or TKA (26, 27). If OA-
related complaints are not associated with objectively measured physical 
activity, no difference is to be expected in physical activity levels between 
OA patients compared to the general population, or after interventions 
for hip or knee OA such as THA or TKA. There are several potential 
explanations for the absence of an association between pain or functional 
limitations with objectively measured physical activity. First, physical 
activity may be more related to a general lifestyle and overall health than 
to specific health problems, which is supported by previous studies as 
well as emphasized by our own result regarding QoL (28, 29). Second, 
patients could have retained activities despite symptoms, because some 
activities simply have to be performed (like washing oneself, cleaning 
or cooking) (30). Third, as recommended by international guidelines, 
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patients with severe pain and functional disability could have retained 
their physical activity levels in order to reduce their symptoms or improve 
their overall health to be optimal prepared for a surgical treatment (30-
33). Our research showed that incorporation of an accelerometer-study 
within the logistics of a large, multicentre cohort study, such as the LOAS, 
involved substantial efforts and difficulties. Especially the collection 
and processing of accelerometer-data was time-consuming and several 
technical problems occurred, such as software errors or loss of data due 
to damaged or lost devices. It is expected that research with wearable 
technology such as accelerometers may become more feasible in the 
future when personal devices such as watches and personal phones 
become more widely available and accessible for research purposes (34). 
Our conclusions are important to address in the preoperative consultation 
when outcome expectations are discussed. 

Part 3. Determinants for return to work after THA or TKA
Chapter 7 focused on identification of determinants of return to work 
in both THA and TKA patients 12 months postoperative as well as 
differences between these two patient groups. In THA patients, self-
employment, preoperative absence from work and less preoperative 
functional limitations were associated with partial or no return to work 
one year after surgery. Yet, in patients undergoing TKA only preoperative 
absence from work was associated with partial or no return to work. 
Besides, type of surgery (hip or knee) modified the effect of preoperative 
functional limitations on return to work. Thus, in patients undergoing 
THA, less preoperative functional limitations were associated with partial 
or no return to work, whereas in patients undergoing TKA a trend was 
seen of worse preoperative functional limitations being associated with 
no or partial return to work. The latter is in accordance with previous 
literature, whereas the first is more difficult to explain (35). However the 
improvement in functional limitations was better in patients who returned 
partially or not as compared to patients who fully returned to work. This 
resulted in similar postoperative scores regarding functional limitations, 
questioning the clinical relevance of the preoperative difference. Besides, 
we showed that a substantial number of patients returned to work, yet 
with reduced working hours. Future research should identify to what 

60280 Claudia Leichtenberg V2 .indd   18960280 Claudia Leichtenberg V2 .indd   189 17-08-20   09:5317-08-20   09:53



Chapter 10

190

extent the reduction in working hours was related to the THA or TKA, 
or can be explained by other factors such as planned partial retirement 
or worsening of the economic tide. These results suggest that strategies 
aiming to influence modifiable factors need to consider THA and TKA 
separately.

In addition, in Chapter 8 we hypothesized that preoperative physical 
activity was associated with return to work after TKA. However, no 
association between preoperative physical activity and full return to 
work after TKA was found. Instead, patient beliefs and preoperative 
expectations (self-reported work-relatedness of knee symptoms and the 
expected timing of return to work) did influence return to work. A potential 
explanation for the absence of an association between physical activity 
and return to work, is that we measured self-reported physical activity. 
It is likely that this resulted in an overestimation of the actual physical 
activity, particularly in patients that are not physically active (36). Another 
explanation might be that we combined patients that partially returned 
to work and patients that did not return to work (37). It is still possible 
that physical activity differs between partial and no return to work. In 
addition, we found that certain beliefs and expectations regarding return 
to work influenced the actual return to work. The latter confirms that 
patient beliefs about the work-related cause of their knee complaints 
and preoperative expectations regarding timely return to work play an 
important role in the overall process of patients before they return to full-
time work after TKA (38). This is in line with previous studies regarding 
overall expectations after TKA. Preoperative expectations towards TKA 
outcome were consistently associated with the actual postoperative 
outcome (39). Therefore, when planning surgical treatment, orthopaedic 
surgeons should take patients’ expectations towards surgery and return 
to work into account. With respect to return to work, providing adequate 
and sufficient preoperative information regarding return to work and/
or referring to an occupational physician for an evaluation of the work-
relatedness of knee symptoms and for timely work-directed care may 
improve return to work of these patients (40). 
Overall, this thesis contributed to knowledge on preoperative factors 
associated with outcome after total joint arthroplasty of the lower 
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extremity. The research from this thesis yielded several findings related 
to various levels of outcomes: (1) the combination of preoperative 
radiographic OA severity and pain appeared to be important for the 
expected postoperative pain/function outcome, as preoperative 
radiographic OA severity was found to modify the effect of preoperative 
pain on postoperative pain/function; (2) PROs, specifically those reflecting 
the initial clinical recovery and preoperative scores of pain and function, 
could be used for the early postoperative identification of patients at 
risk for unfavorable outcome at six months postoperatively. PROs that 
are administered relatively early after surgery may help orthopaedic 
surgeons to identify which patients should be eligible for an enhanced 
rehabilitation strategy, potentially reducing the risk on poor outcome; (3) 
knee-instability could be considered as an easy identifiable surrogate 
outcome for more pain, and worse function and QoL; and (4) gathering 
information on patients’ work status preoperatively (specifically absence 
from work) and expectations about return to work and the rehabilitation 
trajectory could be important to improve the speed of return to work 
after THA or TKA. More research in these areas is needed to identify the 
consistency of the results and to eventually adjust clinical decision making 
preoperatively as well as postoperatively. Moreover, future studies should 
identify which early postoperative interventions for patients at risk for 
unfavourable outcomes would be (cost)effective as well as the optimal 
timing for early postoperative screening.

60280 Claudia Leichtenberg V2 .indd   19160280 Claudia Leichtenberg V2 .indd   191 17-08-20   09:5317-08-20   09:53



Chapter 10

192

References
1.	 WHO. How to use the ICF: A practical manual for using the International Classification of 

Functioning, Disability and Health (ICF). Exposure draft for comment. Geneva; 2013.
2.	 Boonen A, Stucki G, Maksymowych W, Rat AC, Escorpizo R, Boers M. The OMERACT-

ICF Reference Group: integrating the ICF into the OMERACT process: opportunities and 
challenges. J Rheumatol. 2009;36(9):2057-60.

3.	 Dreinhofer K, Stucki G, Ewert T, Huber E, Ebenbichler G, Gutenbrunner C, et al. ICF Core 
Sets for osteoarthritis. J Rehabil Med. 2004(44 Suppl):75-80.

4.	 Keurentjes JC, Fiocco M, So-Osman C, Onstenk R, Koopman-Van Gemert AW, Poll RG, et 
al. Patients with severe radiographic osteoarthritis have a better prognosis in physical 
functioning after hip and knee replacement: a cohort-study. PloS one. 2013;8(4):e59500.

5.	 Valdes AM, Doherty SA, Zhang W, Muir KR, Maciewicz RA, Doherty M. Inverse relationship 
between preoperative radiographic severity and postoperative pain in patients with 
osteoarthritis who have undergone total joint arthroplasty. Seminars in arthritis and 
rheumatism. 2012;41(4):568-75.

6.	 Kahn TL, Soheili A, Schwarzkopf R. Outcomes of total knee arthroplasty in relation to 
preoperative patient-reported and radiographic measures: data from the osteoarthritis 
initiative. Geriatr Orthop Surg Rehabil. 2013;4(4):117-26.

7.	 Finan PH, Buenaver LF, Bounds SC, Hussain S, Park RJ, Haque UJ, et al. Discordance 
between pain and radiographic severity in knee osteoarthritis: findings from quantitative 
sensory testing of central sensitization. Arthritis Rheum. 2013;65(2):363-72.

8.	 Nilsdotter AK, Toksvig-Larsen S, Roos EM. A 5 year prospective study of patient-relevant 
outcomes after total knee replacement. Osteoarthritis and cartilage. 2009;17(5):601-6.

9.	 van den Akker-Scheek I, Stevens M, Groothoff JW, Bulstra SK, Zijlstra W. Preoperative or 
postoperative self-efficacy: which is a better predictor of outcome after total hip or knee 
arthroplasty? Patient Educ Couns. 2007;66(1):92-9.

10.	 Zeni JA, Jr., Snyder-Mackler L. Early postoperative measures predict 1- and 2-year outcomes 
after unilateral total knee arthroplasty: importance of contralateral limb strength. Physical 
therapy. 2010;90(1):43-54.

11.	 Kim JM, Kim SY, Stewart R, Yoo JA, Bae KY, Jung SW, et al. Improvement within 2 weeks 
and later treatment outcomes in patients with depressive disorders: the CRESCEND study. 
J Affect Disord. 2011;129(1-3):183-90.

12.	 Hendricks TJ, Chong ACM, Cusick RP. The Cost of Routine Follow-Up in Total Joint 
Arthroplasty and the Influence of These Visits on Treatment Plans. Kansas journal of 
medicine. 2018;11(3):59-66.

13.	 Bremander AB, Dunbar M, Knutson K, Petersson IF, Robertsson O. Revision in previously 
satisfied knee arthroplasty patients is the result of their call on the physician, not on pre-
planned follow-up: a retrospective study of 181 patients who underwent revision within 2 
years. Acta orthopaedica. 2005;76(6):785-90.

14.	 Pottenger LA, Phillips FM, Draganich LF. The effect of marginal osteophytes on reduction of 
varus-valgus instability in osteoarthritic knees. Arthritis Rheum. 1990;33(6):853-8.

15.	 Brandt KD. Osteophytes in osteoarthritis. Clinical aspects. Osteoarthritis and cartilage. 
1999;7(3):334-5.

16.	 Sharma L, Berenbaum F. Pathogenesis of Osteoarthritis.: Elsevier - Health Sciences 
Division; 2007.

17.	 Schmitt LC, Fitzgerald GK, Reisman AS, Rudolph KS. Instability, laxity, and physical function 
in patients with medial knee osteoarthritis. Physical therapy. 2008;88(12):1506-16.

18.	 Nagaosa Y, Lanyon P, Doherty M. Characterisation of size and direction of osteophyte in knee 
osteoarthritis: a radiographic study. Annals of the rheumatic diseases. 2002;61(4):319-24.

19.	 Knoop J, van der Leeden M, van der Esch M, Thorstensson CA, Gerritsen M, Voorneman 
RE, et al. Association of lower muscle strength with self-reported knee instability in 
osteoarthritis of the knee: results from the Amsterdam Osteoarthritis cohort. Arthritis care 
& research. 2012;64(1):38-45.

20.	 Hodges PW, Mellor R, Crossley K, Bennell K. Pain induced by injection of hypertonic saline 
into the infrapatellar fat pad and effect on coordination of the quadriceps muscles. Arthritis 
Rheum. 2009;61(1):70-7.

21.	 Sullivan MJ, Thorn B, Haythornthwaite JA, Keefe F, Martin M, Bradley LA, et al. Theoretical 
perspectives on the relation between catastrophizing and pain. Clin J Pain. 2001;17(1):52-
64.

60280 Claudia Leichtenberg V2 .indd   19260280 Claudia Leichtenberg V2 .indd   192 17-08-20   09:5317-08-20   09:53



General Discussion

193

X

22.	 Keefe FJ, Brown GK, Wallston KA, Caldwell DS. Coping with rheumatoid arthritis pain: 
catastrophizing as a maladaptive strategy. Pain. 1989;37(1):51-6.

23.	 Sanchez-Heran A, Agudo-Carmona D, Ferrer-Pena R, Lopez-de-Uralde-Villanueva I, Gil-
Martinez A, Paris-Alemany A, et al. Postural Stability in Osteoarthritis of the Knee and Hip: 
Analysis of Association With Pain Catastrophizing and Fear-Avoidance Beliefs. PM & R : the 
journal of injury, function, and rehabilitation. 2016;8(7):618-28.

24.	 Leeuw M, Goossens ME, Linton SJ, Crombez G, Boersma K, Vlaeyen JW. The fear-avoidance 
model of musculoskeletal pain: current state of scientific evidence. Journal of behavioral 
medicine. 2007;30(1):77-94.

25.	 Thoma LM, Dunlop D, Song J, Lee J, Tudor-Locke C, Aguiar EJ, et al. Are Older Adults With 
Symptomatic Knee Osteoarthritis Less Active Than the General Population? Analysis From 
the Osteoarthritis Initiative and the National Health and Nutrition Examination Survey. 
Arthritis care & research. 2018;70(10):1448-54.

26.	 Hammett T, Simonian A, Austin M, Butler R, Allen KD, Ledbetter L, et al. Changes in Physical 
Activity After Total Hip or Knee Arthroplasty: A Systematic Review and Meta-Analysis of 
Six- and Twelve-Month Outcomes. Arthritis care & research. 2018;70(6):892-901.

27.	 Withers TM, Lister S, Sackley C, Clark A, Smith TO. Is there a difference in physical activity 
levels in patients before and up to one year after unilateral total hip replacement? A 
systematic review and meta-analysis. Clinical rehabilitation. 2017;31(5):639-50.

28.	 Manheim LM, Dunlop D, Song J, Semanik P, Lee J, Chang RW. Relationship between physical 
activity and health-related utility among knee osteoarthritis patients. Arthritis care & 
research. 2012;64(7):1094-8.

29.	 Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C, et al. Physical activity and 
public health. A recommendation from the Centers for Disease Control and Prevention and 
the American College of Sports Medicine. Jama. 1995;273(5):402-7.

30.	 de Groot IB, Bussmann JB, Stam HJ, Verhaar JA. Actual everyday physical activity in patients 
with end-stage hip or knee osteoarthritis compared with healthy controls. Osteoarthritis 
and cartilage. 2008;16(4):436-42.

31.	 Fernandes L, Hagen KB, Bijlsma JW, Andreassen O, Christensen P, Conaghan PG, et al. 
EULAR recommendations for the non-pharmacological core management of hip and knee 
osteoarthritis. Annals of the rheumatic diseases. 2013;72(7):1125-35.

32.	 Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al. OARSI 
recommendations for the management of hip and knee osteoarthritis, Part II: OARSI 
evidence-based, expert consensus guidelines. Osteoarthritis and cartilage. 2008;16(2):137-
62.

33.	 Rausch Osthoff AK, Niedermann K, Braun J, Adams J, Brodin N, Dagfinrud H, et al. 2018 
EULAR recommendations for physical activity in people with inflammatory arthritis and 
osteoarthritis. Annals of the rheumatic diseases. 2018;77(9):1251-60.

34.	 Sultan N. Reflective thoughts on the potential and challenges of wearable technology 
for healthcare provision and medical education. International Journal of Information 
Management. 2015;35(5):521-6.

35.	 Sankar A, Davis AM, Palaganas MP, Beaton DE, Badley EM, Gignac MA. Return to work and 
workplace activity limitations following total hip or knee replacement. Osteoarthritis and 
cartilage. 2013;21(10):1485-93.

36.	 Schaller A, Rudolf K, Dejonghe L, Grieben C, Froboese I. Influencing Factors on the 
Overestimation of Self-Reported Physical Activity: A Cross-Sectional Analysis of Low Back 
Pain Patients and Healthy Controls. BioMed research international. 2016;2016:1497213.

37.	 Leichtenberg CS, Tilbury C, Kuijer P, Verdegaal S, Wolterbeek R, Nelissen R, et al. 
Determinants of return to work 12 months after total hip and knee arthroplasty. Annals of 
the Royal College of Surgeons of England. 2016;98(6):387-95.

38.	 Styron JF, Barsoum WK, Smyth KA, Singer ME. Preoperative predictors of returning to work 
following primary total knee arthroplasty. The Journal of bone and joint surgery American 
volume. 2011;93(1):2-10.

39.	 Tilbury C, Haanstra TM, Verdegaal SHM, Nelissen R, de Vet HCW, Vliet Vlieland TPM, et al. 
Patients’ pre-operative general and specific outcome expectations predict postoperative 
pain and function after total knee and total hip arthroplasties. Scandinavian journal of pain. 
2018;18(3):457-66.

40.	 Kuijer PP, Kievit AJ, Pahlplatz TM, Hooiveld T, Hoozemans MJ, Blankevoort L, et al. 
Which patients do not return to work after total knee arthroplasty? Rheumatol Int. 
2016;36(9):1249-54.

60280 Claudia Leichtenberg V2 .indd   19360280 Claudia Leichtenberg V2 .indd   193 17-08-20   09:5317-08-20   09:53



60280 Claudia Leichtenberg V2 .indd   19460280 Claudia Leichtenberg V2 .indd   194 17-08-20   09:5317-08-20   09:53


