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General introduction

Introduction

In my work as a physiotherapist, I became fascinated with the rehabilitation process after Total 
Knee Arthroplasties (TKA). A TKA is a grateful surgery for patients who suffer from knee osteo-
arthritis (OA). Interestingly, there is a lot of variation in the recovery after TKA with large  
differences between patients. Variations in recovery range from problems with the range of 
motion, regaining a symmetric walking pattern or long-lasting pain to a favourable recovery.  
I wondered what the added value of physiotherapy could be in patients recovering from TKA  
and searched for answers on how to improve the effective use of physiotherapy treatment after 
TKA surgery.

Due to ageing factors, the amount of TKA procedures is accumulating. In the Netherlands, 
physiotherapy care after TKA is usual care (1) and in daily clinical practice the number of patients  
referred to the physiotherapist after TKA surgery and hospital stay still increases. Currently the 
costs for physiotherapy treatment after TKA are reimbursed during a period of one year after 
surgery. Through experience in my own practice I have learned that patients are grateful for the 
opportunity to use physiotherapy care; patients with a favourable prognosis also. While I expected 
that they would recover and did not need a lot of physiotherapy sessions, patients felt often unsure 
and asked for all available sessions in the first year after surgery. Because of this, the costs for 
physiotherapy after TKA are rising, while in the meantime there is uncertainty about the added 
value of physiotherapy after TKA in particular in the group of patients with a favourable  
prognosis.(2) In addition, there is a wide variation in physiotherapy modalities. In the Netherlands, 
physiotherapy after TKA consists of education supplemented with muscle strength exercises,  
aerobic exercises, and functional exercises, mainly for a period of a few months up to  
a year.(1,3) There is little insight in the determining factors related to prognosis, recovery and 
physiotherapy use. We hypothesize that the reimbursement of the costs of physiotherapy,  
a lack of information and education combined with a discrepancy between expectations and 
actual experiences after TKA are important reasons for patients using physiotherapy.(4) 

In daily clinical practice, as a physiotherapist, I treat more and more patients after TKA. My expe-
rience is that a number of patients are not satisfied with the results after surgery and that raises 
questions for me on how to optimize physiotherapy treatment after TKA and how to tailor the 
treatment more to personal needs. I found a lack of sufficient insight in recovery trajectories after 
TKA and the effectiveness of physiotherapy programs on recovery. I was also wondering if we 
could predict which patients would benefit from physiotherapy sessions after TKA and which 
patients would not, and what kind of physiotherapy sessions would be necessary to optimize 
recovery. In my opinion, not all patients need intensive physiotherapy care during one full year.  
If we are able to determine which patients will have a favourable prognosis, and if we have in-
sight in favourable recovery trajectories during the physiotherapy program, we can inform the 
patient about the expected outcome and give them responsibility in how to manage their own 
recovery. A major condition for this is adequate adherence to exercise by the patient. The drive  
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1for me as a physiotherapist is to optimize this exercise adherence and thereby improving  
physical outcome after TKA. As mentioned, I know from my own practice that varies patients 
recovered well after TKA and could possibly use less physiotherapy sessions after TKA. Therefore,  
in the MST hospital Enschede we developed a high-intensity physiotherapy program after  
primary TKA procedure, the Energ-IQ program. The goal of this program is improving physical 
functioning and self-management skills. So, after the program patients can continue doing  
exercises adequately at home. 

The studies described in this thesis searched for answers on how to improve the effective use of 
physiotherapy treatment after TKA surgery. We studied which prognostic factors are determining 
factors for recovery, we studied recovery trajectories in patients with an expected favourable 
outcome, we investigated the relationship between using physiotherapy after a high-intensity 
program and the outcome and determined if the adherence to a home-based exercise program 
could be increased by using digital technologies. 

Osteoarthritis

EPIDEMIOLOGY
In the Netherlands, the prevalence of knee OA was 546.100 of 16,9 million in 2015.(1)  
The inci dence of knee OA is 2.5 in males and 4.0 in females per 1000 persons.(5) The lifetime risk of  
developing symptomatic OA of the knee is almost 50%, defined with the Kellgren Lawrence  
scale ≥2 and symptoms in the same knee.(6) The Kellgren-Lawrence scale is a grading system for  
OA based on radiological findings and is shown in Figure 1. Diagnosis of knee OA is based on  
clinical and radiological features.(7) 

The European League Against Rheumatism (EULAR) established the following clinical criteria  
for knee OA: Persistent knee pain, morning stiffness, reduced function, crepitations, limited  
range of motion and bony enlargement.(8) Ageing of the population and obesity will lead  
to an increasing number of patients with OA in the future.(9) 

Grade Radiological findings

0 No radiological findings of OA

1 Doubtful narrowing of joint space and possible osteophytic lipping

2 Definite osteophytes and possible narrowing of joint space

3 Moderate multiple osteophytes, definite narrowing of joint space, small pseudocystic areas 
with sclerotic walls and possible deformity of bone contour

4 Large osteophytes, marked narrowing of joint space, severe sclerosis and definite deformity 
of bone contour

Figure 1 Kellgren-Lawrence scale
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PATHOLOGY
OA is a chronic degenerative disorder which can affect multiple joints, mostly hips and knees.  
OA is a condition of cartilage degeneration, stiffening of the underlying subchondral bone,  
and active new bone formation (osteophytes). Also the synovial membrane can be irritated, which 
may cause inflammation of the joint.(10) OA causes pain, stiffness, joint swelling and effusions,(11) 
limited physical function and participation problems (including work, social and recreational  
activities).(12) The pain is most severe during and after weightbearing activities. Risk factors for 
primary knee OA are higher age, female sex, varus knee alignment, presence of OA in multiple 
joints, past trauma and obesity.(13,14)

TREATMENT OF KNEE OSTEOARTHRITIS
Treatment of knee OA consists of a stepped care strategy.(15,16) Steps existing of muscle 
strengthening, increasing aerobic capacity, ambulatory training and functional exercises as well 
as medication (such as non-steroid anti-inflammatory drugs), weight loss, physiotherapy and  
intra-articular injections, education and supporting a healthy lifestyle, are effective in the 
conserva tive phase.(17) In a later stage of the OA, interventions in the conservative phase are 
often unsatisfactory. If conservative treatment options are not effective (18) and pain, functional 
limitations and radiographic changes are present,(19) TKA is considered as a (cost)effective inter-
vention.(18)

Total Knee Arthroplasty

EPIDEMIOLOGY
Annually in the Netherlands about 26.000 TKA procedures are performed.(20) In addition, nearly 
5.000 unicondylar knee arthroplasty (UKA) procedures are performed. Due to the ageing popula-
tion and the increasing number of people with obesity (21) and the higher demand for surgery at 
a younger age to improve physical function (22) the annual TKA procedure rates are expected to 
rise to approximately 60.000 in 2030.(23,24) 

TOTAL KNEE PROSTHESIS
A Total Knee Prosthesis consists of a femoral component, a tibial component and a polyethylene 
insert (Figure 2). The femoral and tibial base plate components are made of metal. If there is OA 
in only one compartment (medial, lateral or patellofemoral) an UKA can be performed. The reco-
very after UKA is more (cost)effective than the recovery after TKA.(25) In this thesis only patients 
after TKA are included. Due to the improved materials the survival rate of TKA implants increases. 
Survival rates are now 15 till 20 years.(26,27) This means that TKA surgery is offered at a younger 
age compared to earlier years. The number of TKA procedures is expected to climb further as  
the obese and ageing population increases. Another reason for the increasing number of TKA 
procedures are the changing desires of the patients, like staying active at a higher age and per-
forming sport activities. The level of pain and the degree of radiographic damage are important  
criteria in the decision to choose for a TKA procedure.(28–30) However, with the increasing  
number of TKA patients the economic burden increases and because the results after TKA vary 
between patients, it is important to get insight into the factors influencing the long-term outcome.
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Figure 2 Total knee prosthesis

RECOVERY AFTER TKA
About 20% of the patients is dissatisfied after TKA surgery,(31–34) most often driven by poor 
physical function or pain.(31) It is also probable that dissatisfaction after TKA is associated with 
too high expectations of the patient,(35) or preoperative insufficient information about the  
importance of rehabilitation after TKA.
To optimize the results after TKA procedures, to reduce the economic burden, and to optimize 
the health care capacity it is important to select the adequate patients for TKA procedure.(19) 
Well-timed surgery is crucial.(36) 
Orthopaedic surgeons gave an indication to perform a TKA more often in people with a higher 
age and severe radiographical OA,(36) however these indication criteria were based on limited 
evidence.(19) The last years two systematic reviews were done on prognostic factors for recovery 
after TKA.(37,38) Both reviews showed that there is a lack of strong and uniform evidence for 
prognostic factors after TKA.(37,38) The studies included in this review and generally the most 
studies choose as outcome measure end-points and not recovery trajectories (the change in  
recovery over one year). We hypothesize that recovery trajectories describe more accurately how  
an individual patient is likely to recover and have more potential to identify adequately diver-
gent recovery.(39) Recovery trajectories may also give insights into patients that may or may not  
benefit from specific postoperative physiotherapy programs. We hypothesize that there are  
different subgroups of patients with distinctly different recovery trajectories after TKA. It is 
well-established that recovery primarily takes place in the first weeks after TKA,(40–42) and that 
the one-year outcome corresponds mostly with the end-stage in recovery after TKA.(42) 

POST-CLINICAL PHYSIOTHERAPY 
Due to the shortened hospital stay (43) as a result of improved surgical techniques, anaesthetic 
procedures (44) and improved clinical pathways (45–47) the post-clinical physiotherapy pro-
grams after TKA seem to be more and more important. There are indications that physio therapy 
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is important to solve limitations after TKA.(48) Postoperative physiotherapy is routine care  
after TKA and hospital stay (49–52) and is perceived as important for achieving functional  
independence, return to work and recreational activities (1,53,54), to reduce healthcare costs (55) 
and to increase patient satisfaction.(56) 
Inadequate physiotherapy is likely a major contribution to residual pain,(35) muscle weakness, 
functional limitations and poor quality of life after TKA.(57,58) However, there is a wide variation 
in content and duration of physiotherapy after TKA (59–61) and insight in the optimal type and 
frequency of physiotherapy is not available until now.(61,62) 
The Royal Dutch Society for Physiotherapy made a guideline for physiotherapy in patients with 
knee OA which included also physiotherapy for patients after TKA surgery. In this guideline 
physiotherapy is recommended for patients with a delayed recovery or complications. In patients 
with a favourable outcome self-management of the patient is more important and the role of 
the physiotherapist is more limited to teaching the patient exercises they can do on their own.(3)  
We hypothesize that patients with a favourable recovery trajectory need less intensive physio-
therapy support after TKA. To optimize outcome and minimize the economic burden tailored 
physiotherapy after TKA is needed. To realize this, more insight is needed in recovery trajectories 
and effectiveness of physiotherapy programs. Perhaps, the effectiveness of physiotherapy exercise 
programs depends on the intensity and duration of the exercises and the adherence to the  
exercise program.(63) To improve the effectiveness of postoperative physiotherapy programs 
improving exercise adherence is necessary.(64) A potential method for improving adherence 
without supervision is the use of telerehabilitation technologies.(65,66) Hence, we researched 
the effectiveness of an activity coaching system in patients who followed a home-based exercise 
program after TKA. 

AIM
The aim of this thesis is to get insight in factors influencing long-term recovery after TKA, to get 
insight in recovery trajectories and the use of additional physiotherapy in patients with a favou-
rable prognosis and furthermore to evaluate the effectiveness of an activity coaching system 
added to a home-based exercise program in patients after TKA.  

RESEARCH QUESTIONS
The following research questions were formulated:
 1. What are prognostic factors in long-term for recovery after a Total Knee Arthroplasty?
 2.  Which recovery trajectories can be detected in patients after TKA with a favourable 

prognosis and what is the association of these trajectories with one year outcomes?
 3. What are the reasons to use additional physiotherapy sessions in patients after TKA?
 4.  What is the effectiveness of an activity coaching system in addition to a home-based 

exercise program in patients after TKA on physical functioning and exercise adherence?

OUTLINE OF THE THESIS
Chapter 1 is a general introduction of this thesis. Chapter 2 is a systematic review investigating 
prognostic factors for pain, physical function and quality of life in patients who underwent TKA. 
The objective of this systematic review is to determine which baseline factors predict the outcome 
for pain, physical function and quality of life at one year or more after primary TKA surgery. 
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1In Chapter 3 recovery trajectories are detected for pain and physical function during six weeks 
in patients following a high-intensity physiotherapy program after TKA procedure using Latent 
Class Growth Analysis. Secondary objective is to determine the associations between the recovery  
trajectories and one year outcome. Chapter 4 includes patients who followed a high-intensity 
physiotherapy program. This is a qualitative study to explore the expectations and experiences of 
patients with a TKA following the high-intensity physiotherapy program, including the perceived 
recovery level at discharge, and the reasons for (not) adhering to the given advice at discharge. 
Chapter 5 is a study protocol for a Randomized Controlled Trial (RCT). Objective of this RCT is 
to determine the additional effect of a digital activity coaching system on physical functioning 
and exercise adherence in patients after a TKA procedure who were selected for a home-based  
exercise program. Chapter 6 shows the results of the RCT on the effectiveness of a digital activity  
coaching system in a home-based exercise program in patients after TKA procedure on func-
tional outcome, adherence, quality of life and costs using a Generalized Estimation Equations  
analysis. Chapter 7 provides a general discussion with the main results of this thesis. It also includes  
recommendations for future research and clinical practice. 
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Abstract

Background: Preoperative factors predicting outcome for pain, physical function and quality 
of life after Total Knee Arthroplasty (TKA) have not been clearly identified.

Methods: Embase and MEDLINE were searched for relevant studies. A study was considered  
for inclusion if the study aimed to identify preoperative prognostic factors for pain, physical  
function, and/or quality of life after a follow-up period of at least one year; included at least 200 
adults suffering from osteoarthritis and undergoing TKA; and analyzed data using multi- 
variable model ling. The quality of the evidence per prognostic factor was determined using 
the Grading of Recommendations, Assessment, Development and Evaluation framework for 
prognosis studies.

Results: A total of 18 studies were included. There is very low-quality evidence that preoperative 
more pain, presence of social support, absence of anxiety, and presence of more radiographic  
damage are prognostic factors for lower pain levels after TKA. There is very low-quality evidence  
that low preoperative physical function, less comorbidity, absence of anxiety, presence of social  
support, higher income, normal body mass index, and more radiographic damage are prog-
nostic factors for better physical function. There is very low-quality evidence that female sex 
and less comorbidity are prognostic factors for better quality of life.

Conclusion: Only very low-quality evidence was found for a number of prognostic factors of  
long term outcome after TKA. More studies that seek to generate understanding of the  
underlying process for the prognosis of outcome in TKA are needed to understand and test 
prognostic pathways, and it might be more valuable to look at recovery curves rather than at 
recovery points.

Systematic review registration number: CRD42015026814.

Introduction
 
A Total Knee Arthroplasty (TKA) is considered a (cost-)effective intervention for individuals with 
osteoarthritis of the knee.(1) However, a substantial group of patients (20%-30%) is dissatisfied 
with surgery,(2) most often driven by poor physical function afterward.(3) The reasons for these 
poor outcomes and dissatisfaction after TKA have not been clearly identified. Pain at rest and 
functional impairments one year after surgery and too high preoperative expectancies are possi-
bly predictors for dissatisfaction after TKA.(4) 
Patient satisfaction is an important long-term outcome after TKA.(5,6) It has been suggested that 
satisfaction is correlated with the level of pain, functional activities, quality of life, and return  
to work and sports.(3,5,6) To further improve the success of TKA, it is important to understand 
which preoperative factors influence patient-reported outcomes. This knowledge will aid  
clinicians in identifying patients at risk of nonoptimal outcomes and might help in developing 
new interventions to reduce the risk of poor surgical outcomes.(7) Malalignment, malrotation of 
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the femur or tibia component, and infections are reasons for postoperative stiffness and revision 
TKA.(8-11) 
We hypothesize that 'demographic factors,' 'psychological and social factors,' and 'physical factors'  
are also important in predicting outcome after TKA on the level of pain, physical functioning, and 
quality of life. This hypothesis is in line with Hoogeboom et al,(12) who found in a prospective 
cohort study that patient characteristics might be even more predictive of functional recovery 
after TKA in the first days after surgery than surgical factors. 
Outcomes on the level of pain, physical functioning, and quality of life are interesting as targets 
for rehabilitation and physiotherapy and most relevant for the patient in long-term. Insight in 
predicting factors will help to focus early initiation of rehabilitation treatment after a TKA to  
patients with higher risk on negative outcomes, which is considered as important for obtaining 
the maximum benefit from TKA.(13-15) Two systematic reviews about the one year outcome after 
TKA have been performed.(16,17) Lewis et al (17) systematically reviewed predictors for pain after 
TKA at three months follow-up. Vissers et al (16) systematically reviewed the psychological factors 
predicting outcome with a minimum follow-up of six weeks. They both did not include studies 
who used multivariable analyses to gauge the independent effect of the determinants. This has 
recently been performed by Lungu et al (18) who included studies until 2014 and analyzed prog-
nostic factors for pain and physical function in a heterogeneous group of TKA patients including 
those who had a revision or unicompartmental knee arthroplasty. Moreover, this review did not
systematically evaluate the quality of evidence per prognostic factor according to the Grading of 
Recommendations, Assessment, Development and Evaluation (GRADE) framework.(19) 
Contrary to the other systematic reviews about prognostic factors in TKA,(16-18) our review 
uses the GRADE method for prognostic studies as described by Huguet et al (19) to formulate  
conclusions. An important feature of this GRADE framework is the so-called phase of investigation.  
A lot of studies to prognostic factors in TKA have been performed to generate a hypothesis 
(20-24) (phase 1 studies).(19-25) These studies do not understand the underlying processes for 
the prognosis in TKA (phase 3 studies). Phase 1 studies provide a weak level of evidence. Phase 2 
studies are defined by Huguet et al (19) as cohort study designs that seek to confirm independent 
associations between the prognostic factor and the outcome and provide a stronger level of evi-
dence. Phase 3 studies test a fully developed hypothesis and conceptual framework and provide 
a high level of evidence. In emerging areas of research, there is a lack of phase 3 studies.(19) 
If the phase of investigation was not considered in the quality of evidence per prognostic  
factor, the prognostic factors could be over-rated or under-rated. Adequate prognostic factors in 
TKA are required to improve clinical decision-making.(26) Therefore, the addition of the GRADE 
framework (and in it the rating of the phase of investigation) is very important to discover  
adequate prognostic factors. 
As far as known, this is the first systematic review to prognostic factors in TKA which included the 
phase of investigation as a basis for the level of evidence per prognostic factor.
The aim of this study was to systematically review the available literature to determine which 
baseline factors predict the outcome for pain, physical function, and quality of life at one year or 
more after primary TKA surgery on patients with osteoarthritis of the knee using multivariable 
analyses and a systematic evaluation of the quality of the evidence per prognostic factor using 
the GRADE framework for prognosis studies.
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Materials and methods

The review was reported in accordance with the Preferred Reporting Items for Systematic  
Reviews and Meta-Analyses (PRISMA) statement (27,28) and has been registered in Prospero 
(CRD42015026814).

LITERATURE SEARCH
A computerized search was conducted in Embase and MEDLINE on articles published between 
January 2000 and January 2016. A search strategy was developed to detect prognostic studies 
using the following terms: arthroplasty, replacement knee, joint prosthesis, knee, prognosis,  
quality of life, pain, recovery of function, mobility limitation, and return to work. Both Medical 
Subject Headings terms and free text words were entered. The full search strategy is presented 
in Appendix 1.

SELECTION CRITERIA
Completed and published studies in English, German, and Dutch were included in this systema-
tic review. Because of the vastly improved surgical techniques in TKA surgery and the improved 
perioperative interventions such as preoperative patient education and postoperative fast track 
programs,(29) studies before 2000 were not included. Studies were considered for inclusion if 
1) they were prospective or retrospective and aimed to identify preoperative prognostic factors 
for pain, physical function, and/or quality of life; 2) they included patients ≥18 years who were 
suffering from osteoarthritis and underwent TKA; 3) the sample size was ≥200 patients; 4) the 
follow-up period was at least one year; and 5) data were analyzed using a multivariable analysis.  
All studies had to identify prognostic factors at baseline and report a statistical association (or lack 
of association) with the outcome. 
Outcome measures were categorized according to the domains of the International Classification 
of Function, Disability and Health. We included studies focusing on pain, physical function, and/or 
quality of life as dependent variables. Studies with orthopaedic-related outcomes such as failure 
of the TKA and revisions as dependent variables were excluded.
For inclusion in our review, we chose a cut-off point of 200 subjects that needed to be included 
in the individual cohort studies to decrease the chances of confounding bias. Confounding bias 
is a major problem in observational studies requiring appropriate adjustment in multivariable 
models. When considering that approximately 50% of the patients recovering from TKA have a 
clinically relevant improvement (30) and approximately 10 cases per relevant improvement per 
prognostic factor are needed in an adequately powered prognostic model,(31) then, at most,  
10 prognostic factors can be studied simultaneously in studies with 200 participants.

STUDY SELECTION
The titles and abstracts of the retrieved studies after the literature search were reviewed by  
two independent reviewers (KH and WH), in order to determine whether the studies were eligible 
based on our inclusion criteria and the research question. Full publications of studies that were 
considered potentially relevant by both authors were retrieved. If there was uncertainty regarding 
the eligibility of the paper based on the title and abstract, the full-text version of the paper was 
retrieved and examined. The articles were read and checked independently for final inclusion. 
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Disagreement was resolved by discussion. In the case of permanent disagreement between the 
two reviewers, a third reviewer (JBS) made the final decision. The references of the articles identi-
fied by the search were checked for additional eligible studies.

DATA EXTRACTION
Data were extracted using a data extraction form that included information on authors, year 
of publication, study design, study population, predictors, outcome measures, follow-up, and  
results (Table 1, page 26). In the case of incomplete data in the included articles, the authors were 
contacted by e-mail to obtain the complete data. All prognostic factors in relation to TKA were 
searched. The identified prognostic factors were classified into three domains: 'demographic  
factors,' 'psychological and social factors,' or 'physical factors.” Follow-up was at least one year.  
In case more follow-up measurements were available, the follow-up measurement at one year or 
the follow-up measurement that was closest to the 1-year follow-up was used.

METHODOLOGICAL QUALITY
The full-text versions of all studies that met the inclusion criteria were retrieved for assessment 
of methodological quality using the Quality in Prognosis Studies (QUIPS) tool developed by 
Hayden et al.(32) The QUIPS considers six domains of potential biases 1): study participation; 2) 
study attrition; 3) measurement of prognostic factors; 4) measurement of and controlling for con-
founding variables; 5) measurement of outcomes; and 6) analysis approaches. Each criterion was 
answered using 'yes' (criterion fulfilled), 'no' (criterion not fulfilled), or 'unclear.' For each of the 
six potential biases, a study was rated as having low, moderate, or high risk of bias per domain.  
All criteria were weighted equally. Two reviewers independently scored the methodological  
quality (QUIPS; KH and WH) of the selected studies. Discrepancies were resolved by discussion 
until consensus was reached. In the case of permanent disagreement, a third reviewer (JBS) made 
the final decision. The interobserver agreement of the quality assessment and data extraction 
was calculated using a percentage of agreement and Cohen kappa.

QUALITY OF EVIDENCE
The quality of evidence per prognostic factor was determined using the GRADE framework for 
prognosis studies.(19) For each prognostic factor and outcome, the number of studies with a 
significant effect with a positive value, a significant effect with a negative value, and the number 
of nonsignificant effects were determined. This was performed using the adjusted estimates of 
the association between prognostic factors (positively formulated) and outcome (lower pain  
levels, better physical function, and better quality of life). Hayden et al (25) distinguished three 
phases of prognostic investigation, namely (1) exploration of associations; (2) testing independent 
associations; and (3) understanding and testing prognostic pathways. The quality of evidence 
is based on these phases of investigation and can be upgraded and downgraded depending on 
several factors. 
The four quality categories used were 'high quality,' 'moderate quality,' 'low quality,' and 'very 
low-quality.' Phase 1 studies start with moderate quality and phase 2 and 3 start with high  
quality. In the GRADE framework developed for prognostic studies, six factors could decrease the  
quality of evidence, namely the phase of investigation, study limitations, inconsistency,  
indirectness, imprecision, and publication bias. Two factors could increase the quality of evidence, 
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Study Design Study  
population

Predictors Outcome 
measures

Follow-up Results

Alzahrani, 
2011
Canada

RCS n=3177
- 2720 from HHS
- 457 from TWK
 
- Age >18 years
-   Primary or 

secondary OA
- receiving TKA

Agel

Genderd

BMIl

Comorbidityd

WOMAC
OKS

1 year

LFU:
n=569 due to 
incomplete 
outcomes 
data

OKS: *

Age OR 1.06 (1.02, 1.10) 
p<0.01 (TWK) and OR 0.99 
(0.98, 1.01) p=0.12 (HHS)

Male sex OR 1.31 (0.68, 2.56) 
p=0.74 (TWK) and OR 0.72 
(0.57, 0.92) p<0.01 (HHS)

BMI OR 0.99 (0.94, 1.05) 
p=0.07 (TWK) and OR 0.99 
(0.98, 1.02) p=0.76 (HHS)

Comorbidity OR 0.87 (0.87, 
1.09) p=0.31 (TWK) and OR 
0.98 (0.88, 1.09) p=0.63 (HHS)

Table 1 Study characteristics and results

namely moderate or large effect size and exposure-response gradient. The quality of evidence 
per prognostic factor (GRADE) was determined by two independent raters (KH and JBS), and dis-
agreements were resolved by discussion. (19)

Results

SEARCH STRATEGY AND SELECTION CRITERIA 
The results of the search strategy and screening process are shown as a flow chart in Figure 1 
(page 36). The search identified 1152 citations. The reasons for exclusion were too small sample 
sizes, articles that solely used patient satisfaction as outcome measure, too short follow-up,  
diagnosis not clear or not only patients suffering from osteoarthritis, prognosis to decide the  
moment of undergoing TKA surgery in osteoarthritis (these are prognostic factors for planning 
the moment of TKA surgery in osteoarthritis, so, these are not prognostic factors for recovery 
after TKA), and other reasons. Three studies published incomplete data. After contacting the au-
thors with a data request, which was not honoured, these studies were excluded.(2,33,34) Finally, 
18 studies met all inclusion criteria and were included in the review.(20-24, 35-47)

METHODOLOGICAL QUALITY
The overall interobserver agreement of the methodological quality was k 0.71, which is a good 
agreement for methodological quality.(48) The percentage of agreement was 88%. Disagree-
ments were resolved by discussion. Table 2 (page 37) presents the methodological quality (risk of 
bias) scores for all included studies. The most prevalent strengths were 'outcome measurement' 
and 'statistical analysis and reporting.' Table 3 (page 38) presents the GRADE score per prog- 
 nostic factor. The percentage of agreement between the raters regarding the factors that may  
increase and decrease the quality of evidence (GRADE) was 94%. The most prevalent factors that 
upgrade the quality level of evidence were the reports of 'study limitations' and 'indirectness' 
in the included studies. The most prevalent shortcomings were the reports of 'inconsistency,'  
'imprecision,' and 'publication bias.'
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Amusat, 
2014
Canada

PCS n=405

-  Scheduled for 
primary TKA

- Age >40 years

Diabetesd

CES-Dd

Kidney 
diseased

MOSl

HUI3l
Comorbidityl

Genderd

Agel

Other joint 
involvementd

Baseline painl

Baseline 
functionl

WOMAC 
pain and 
function

Preoperatively
1, 3 and 
6 months 
postopera-
tively

LFU: not 
mentioned

WOMAC pain:
Diabetes without impact  
β 0.11 (-2.91, 3.12) p=0.94
Diabetes with impact  
β 8.28 (4.05, 12.51) p<0.001
CES-D ≥ 16 β 3.24 (0.57, 
5.90) p=0.02
Kidney disease β 4.63 
(-0.02, 9.24) p=0.049
MOS β -0.05 (-0.09, -0.01) 
p=0.04
HUI3 NA
Gender (female) β -0.63 
(-2.55, 1.28) p=0.58
Age β -0.03 (-0.12, 0.07) 
p=0.58
Other joint involvement  
β 0.96 (-1.73, 3.64) p=0.48
Baseline WOMAC pain  
β 0.68 (0.62, 0.75) p<0.001
Baseline WOMAC function 
NA

WOMAC function:
Diabetes without impact  
β -0.79 (-3.70, 2.11) p=0.59
Diabetes with impact β 
5.42 (1.39, 9.46) p<0.01
CES-D ≥ 16 NA
Kidney disease β 4.39 (0.03, 
8.75) p=0.048
MOS β -0.04 (-0.08, -0.001) 
p=0.049
HUI3 β -5.41 (-9.55, -1.26) 
p=0.01
Gender β -1.38 (-3.20, 0.45) 
p=0.14
Age β 0.04 (-0.05, 0.12) 
p=0.39
Other joint involvement  
β 0.60 (-1.97, 3.18) p=0.65 
Baseline WOMAC pain NA
Baseline WOMAC function 
β 0.69 (0.62, 0.75) p<0.001

Barrack, 
2013
USA

PCS n=661

- Age ≤60 years
- OA
- Receiving TKA

Sexd

Minorityd

Educationd 
Incomed

Employment 
3 months be-
fore surgeryd

Implant typec

Problems 
getting in 
and out 
a car
 
Problems 
getting in 
and out a 
chair
 
Going up 
and down 
stairs
 
Experien-
ced pain
 
Partici-
pating in 
preferred 
activity in 
the last 30 
days

1 and 4 years 
postopera-
tively

LFU: n=478

Problems getting in and out 
a car: +
Hispanic or black OR 1.67 
(1.01, 2.78) p<0.05
Income <USD25.000 OR 
2.12 (1.23, 3.64) p<0.01

Problems getting in and out 
of a chair:
Hispanic or black OR 1.75 
(1.05, 2.92) p=0.03
Income<USD 25.000 OR 
1.83 (1.04, 3.22) p<0.04
Employed 3 months before 
surgery OR 0.63 (0.42, 0.95) 
p<0.03

Problems going up and 
down stairs:
Female OR 2.07 (1.37, 3.10) 
p<0.01
Income<USD 25.000 OR 
2.16 (1.26, 3.69) p<0.01

2
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Experienced pain:
Female OR 1.65 (1.15, 2.36) 
p<0.01
Income<USD 25.000 OR 
1.70 (1.01, 2.85) p=0.04

Not participating in preferred 
activity:
Female OR 0.63 (0.43, 0.93) 
p=0.02

Clement, 
2013
UK

PCS n=996 

- Primary OA
- Receiving TKA

Back paind

≥4 comor-
biditiesd

Preoperative 
OKSl

Preoperative 
SF-12l

SIMDc

OKS 6 weeks, 
6 months, 
12 months 
postopera-
tively
 
LFU NA

OKS: *
Back pain β -2.53 (-3.75, 
-1.30) p<0.01
≥4 comorbidities β -3.78 
(-6.11, -1.45) p<0.01
preoperative OKS β 0.58 
(0.50, 0.67) p<0.01
preoperative SF-12 β 0.16 
(0.11, 0.22) p<0.01
SIMD NS

Davis, 
2008
Canada

PCS n=974

- Primary OA 
- Receiving TKA

Educationc

Incomec

 

WOMAC 
pain and 
function

Preoperative-
ly, 3, 12 and 
24 months 
postopera-
tively

LFU: n=275

WOMAC pain: *
Educational status NS
Level of income p=0.02

WOMAC function: * 
Educational status NS
Level of income p<0.04

OR NA

Dowsey, 
2012
Australia

PCS n=478

- OA
- Receiving TKA

Agel 

Genderd 
BMIl 
Pre IKSS painl 

Pre IKSS 
functionl 
Pre SF-12 
PCSl 

Pre SF-12 
MCSl 
K-L gradec 

IKSS 
pain and 
function 
scores

Preoperati-
vely, 12 and 
24 months 
postopera-
tively

LFU: 
12 months 
n=5 
24 months 
n=26

IKSS pain score: *
Age β 0.14 (-0.05-0.32) 
p=0.143
Female sex β -1.56 (-4.69-
1.57) p=0.327
BMI β -0.11 (-0.35-0.13) 
p=0.352
Pre IKSS pain β 0.14 (-0.06-
0.33) p=0.169
Pre IKSS function β 0.05 
(-0.04-0.13) p=0.299
Pre SF-12 PCS β 0.25 (-0.02-
0.52) p=0.067
Pre SF-12 MCS β 0.22 (0.09-
0.36) p=0.002
K-L grade β 2.11 (0.80-3.42) 
p=0.002

Dowsey, 
2014
Australia

PCS n=1065

- OA
- Receiving TKA

Socio- 
economic 
status 
(income, 
education, 
occupation, 
housing, em-
ployment)l

Agel

Genderd

BMIl

History of 
contralateral 
joint replace-
mentd

Comorbidi-
tiesl

IKSS 
pain and 
function 
scores
SF-12

Preoperative
12 months 
postoperative

LFU:
12 months 
n=49

IKSS pain score:
Female sex β -1.85 (-3.91, 
0.22) p=0.08
Age β 0.07 (-0.04, 0.19)  
p= 0.22
SES score β 0.08 (-0.27, 0.44) 
p=0.64
BMI β 0.07 (-0.09, 0.23) 
p=0.40
Complication β -4.35 (-6.58, 
-2.12) p<0.001
Age-adjusted comorbi-
dity β -0.72 (-1.17, -0.28) 
p=0.001
Preoperative IKSS pain  
β 0.16 (0.03, 0.28) 0.012

Table 1 Study characteristics and results (continued)
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Dowsey, 
2014
Australia

(conti-
nued)

Preoperative IKSS function  
β -0.03 (-0.08, 0.03) p=0.31
Preoperative PCS SF-12  
β 0.24 (0.07, 0.40) p=0.005
Preoperative MCS SF-12  
β 0.18 (0.10, 0.27) p<0.001

IKSS function score:
Female sex β -9.16 (-12.17, 
-6.14) p<0.001
Age β -0.38 (-0.55, -0.21) 
p<0.001
SES score β 0.17 (-0.35, 0.68) 
p=0.52
BMI β -0.48 (-0.71, -0.24) 
p<0.001
Complication β -5.26 (-8.51, 
-2.02) p=0.002
Age-adjusted comorbidity 
β -1.25 (-1.90, -0.60) p<0.01
Preoperative IKSS pain  
β -0.19 (-0.37, -0.02) 
p=0.032
Preoperative IKSS function 
β 0.38 (0.30, 0.46) p<0.001
Preoperative PCS SF-12  
β 0.53 (0.27, 0.77) p<0.001
Preoperative MCS SF-12  
β 0.25 (0.13, 0.38) p<0.001

SF-12 pcs score:
Female sex β -1.20 (-2.56, 
0.15) p=0.08
Age β -0.06 (-0.14, 0.02) 
p=0.13
SES score β 0.05 (-0.18, 0.29) 
p=0.65
BMI β -0.06 (-0.17, 0.04) 
p=0.24
Complication β -2.76 (-4.23, 
-1.30) p<0.001
Age-adjusted comorbi-
dity β -0.72 (-1.01, -0.42) 
p<0.001
Preoperative IKSS pain  
β -0.04 (-0.12, 0.04) p=0.35
Preoperative IKSS function 
β 0.07 (0.03, 0.11) p<0.001
Preoperative PCS SF-12  
β 0.43 (0.32, 0.54) p<0.001
Preoperative MCS SF-12  
β 0.16 (0.11, 0.22) p<0.001

SF 12 MCS score:
Female sex β -0.19 (-1.59, 
1.21) p=0.79
Age β 0.11 (0.03, 0.19) 
p=0.005
SES score β -0.28 (-0.52, 
-0.04) p=0.02
BMI β -0.01 (-0.12, 0.09) 
p=0.79
Complication β -1.60 (-3.11, 
0.10) p=0.04
Age-adjusted comorbidity 
β -0.36 (-0.67, -0.06) p=0.02
Preoperative IKSS pain β 0.03 
(-0.05, 0.11) p=0.43

2

Table 1 Study characteristics and results (continued)



30

Chapter 2

Preoperative IKSS function  
β -0.00002 (-0.04, 0.04) p=1.00
Preoperative PCS SF-12  
β 0.07 (-0.04, 0.18) p=0.20
Preoperative MCS SF-12  
β 0.36 (0.31, 0.42) p<0.001

Dowsey,  
2015
Australia

PCS n=689 

- OA
- Receiving TKA

Aged

Genderl

BMIl

comorbidi-
tiesl

ASA classifi-
cationc

Smoking 
statusd

Socio- 
economic 
statusl

KSS (KPS 
and KFS)
SF-12

Preoperative-
ly, 1-5 years 
postopera-
tively

LFU NA

Moderate pain:
Female sex OR 1.54 ( 
0.96-2.49) p=0.075
Pre-surgery MCS (per 10 
points) OR 0.63 (0.51-0.78) 
p<0.001
Pre-surgery PCS (per 10 
points) OR 0.48 (0.30-0.76) 
p=0.002
Charlson Comorbidity 
Index 1 OR 1.66 (1.04-2.65) 
p=0.034
Charlson Comorbidity In-
dex ≥2 OR 3.00 (1.69-5.31) 
p<0.001
Pre-surgery KPS moderate 
(10-20) OR 2.13 (0.54-8.39 
p=0.28
Pre-surgery KPS severe (0)  
OR 1.92 (0.49-7.52) p=0.34
Pre-surgery KFS OR 1.00 
(0.99-1.02) p=0.16 

Escobar, 
2007
Spain

PCS n=640

- Primary OA
- Receiving TKA
-  Be on a waiting 

list at one 
of the seven 
hospitals

Genderd

Agel 
Social 
supportd 
Low back 
paind

Comorbidi-
tiesc

SF-36
WOMAC

Preoperative-
ly, 6 months 
postopera-
tively

LFU NA

SF-36 bodily pain: *Δ
Gender β 0.75 (-4.83,6.34) 
p=0.79
Age β 0.24 (-0.10, 0.58) 
p=0.25
Social support β 3.97  
(-2.81, 10.76) p=0.25
Low back pain β 7.03  
(2.12, 11.95) p=0.005
Charlson Index β -5.49 
(-10.53, -0.44) p=0.03 (1 
comorbidity)
Charlson Index β -7.01 
(-14.26, 0.28) p=0.059  
(≥2 comorbidities)

SF-36 physical function:
Gender β -1.73 (-6.50, 3.03) 
p=0.47
Age β -0.08 (-0.38, 0.21) 
p=0.47
Social Support β 4.28  
(-1.42, 9.99) p=0.14 
Low back pain β 1.19  
(-2.88, 5.26) p=0.57
Charlson Index β -4.45 
(-8.72, -0.18) p=0.04  
(1 comorbidity)
Charlson Index β -6.32 
(-12.46, -0.17) p=0.04  
(≥2 comorbidities)

SF-36 general health:
Gender β -4.87  
(-8.17, -1.58) p=0.004
Age β 0.02 (-0.19, 0.22) 
p=0.88
Social Support β 4.53  
(0.55, 8.51) p=0.02
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Escobar, 
2007
Spain

(conti-
nued)

Low back pain β 2.25  
(-0.64, 5.14) p=0.12
Charlson Index β -2.89 (-5.87, 
0.09) p=0.057 (1 comorbidity)
Charlson Index β -5.12 
(-9.42, -0.82) p=0.02

SF-36 role physical:
Gender β -0.26 (-9.89, 9.37) 
P=0.96
Age β 0.16 (-0.43, 0.76) 
p=0.58
Social Support β 14.42 
(2.97, 25.87) p=0.01
Low back pain β 2.28  
(-5.80, 10.35) p=0.58
Charlson Index β -2.81 
(-11.23, 5.62) p=0.51  
(1 comorbidity)
Charlson Index β -7.81 
(-19.91, 4.28) p=0.20  
(≥ comorbidities)

SF-36 vitality:
Gender β 1.48 (-3.06, 6.03) 
p=0.52
Age β 0.06 (-0.20, 0.33) 
p=0.64
Social support β 0.75  
(-4.59, 6.10) p=0.78
Low back pain β 5.46  
(1.67, 9.25) p=0.0048
Charlson Index β -4.12 
(-8.07, -0.17) p=0.04  
(1 comorbidity)
Charlson Index β -7.46 
(-13.07, -1.84) p=0.009  
(≥2 comorbidities)

SF-36 social functioning:
Gender β -5.50 (-10.74, 
-0.26) p=0.04
Age β -0.01 (-0.33, 0.30) 
p=0.9
Social support β 4.77  
(-1.51, 11.04) p=0.13
Low back pain β 2.12  
(-2.35, 6.60) p=0.35

Charlson Index β -4.97 
(-9.67, -0.28) p=0.04 
(1 comorbidity)
Charlson Index β -7.47 
(-14.21, -0.72) p=0.03  
(≥ 2 comorbidities)

SF-36 role emotional:
Gender β -0.14 (-8.54, 8.29) 
p=0.97
Age β 0.34 (-0.19, 0.88) 
p=0.19
Social support β 10.58 
(0.71, 20.46) p=0.03
Low back pain β 4.33  
(-2.75, 11.43) p=0.23 
Charlson Index β -10.76 
(-18.24, -3.28) p=0.005  
(1 comorbidity)

2
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Escobar, 
2007
Spain

(conti-
nued)

Charlson Index β -4.01 
(-14.74, 6.72) p=0.40  
(≥2 comorbidities)

SF-36 mental health:
Gender β 1.7 (-2.51, 5.90) 
p=0.43
Age β 0.11 (-0.14, 0.36) 
p=0.40
Social support β 6.46  
(1.40, 11.52) p=0.01
Low back pain β 3.64  
(0.09, 7.20) p=0.04
Charlson Index β -3.69 
(-7.44, 0.05) p=0.05  
(1 comorbidity)
Charlson Index β -4.72 
(-10.09, 0.65) p=0.08  
(≥2 comorbidities)

WOMAC pain:
Gender β 3.30 (-0.15, 6.81) 
p=0.06
Age β -0.24 (-0.45, -0.03) 
p=0.04
Social support β -5.13 
(-9.31, -0.95) p=0.02
Low back pain β -5.26 
(-8.24, -2.27) p<0.001
Charlson Index β 3.04 (-0.07, 
6.16) p=0.055 (1 comorbidity)
Charlson Index β 6.50  
(2.0, 11.0) p=0.005  
(≥2 comorbidities)

WOMAC functional 
limitation:
Gender β 5.18 (1.36, 9.0) 
p=0.008
Age β -0.20 (-0.44, 0.03) 
p=0.08
Social support β -7.25 
(-11.83, -2.67) p=0.002
Low back pain β -4.26 
(-7.52, -1.0) p=0.01
Charlson Index β 3.2 (-0.15, 
6.65) p=0.06 (1 comorbidity)
Charlson Index β 6.6 (1.70, 
11.52) p=0.008 (≥2 comor-
bidities)

WOMAC stiffness:
Gender β 4.98 (0.38, 9.58) 
p=0.03
Age β -0.28 (-0.57, -0.004) 
p=0.046
Social support β -5.51  
(-11.05, 0.003) p=0.051
Low back pain β -6.20 
(-10.13, -2.25) p=0.002
Charlson Index β 0.5 
(-3.62, 4.63) p=0.8 
(1 comorbidity)
Charlson Index β 3.33  
(-2.62, 9.22) p=0.3 
(≥2 comorbidities)
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Koh, 2013
Korea

RCS n=1192

-  Patients under-
going TKA for 
primary OA

Preoperative 
flexion con-
tracturec

AKS knee 
scorel

Anterior 
knee pain PF 
scorel

Flexion-ex-
tension gap 
differencec

Implant typec

Postope-
rative 
flexion 
contrac-
ture

Preoperative, 
6 months, 1 
and 2 years 
postoperative

LFU: 281

Postoperative flexion  
contracture: +
Preoperative flexion  
contracture OR 1.7  
(1.4, 2.2) p<0.01
Anterior knee pain (AKS) 
OR 0.5 (0.3, 0.9) p=0.02

Liebs, 
2011
Germany

RCS n=381 TKA

-  Patients  
received a TKA

genderd WOMAC
SF-36

Preoperatively, 
3, 6, 12 and 24 
months

LFU:
3 months 10%
6 months 12%
12 months 19%
24 months 24%

Physical function: *
Gender 3 months:  β 5.205 
(0.11, 10.299) p=0.045
Gender 6 months β 4.996 
(-0.081, 10.28) p=0.064
Gender 12 months β 5.417 
(-0.105, 10.939) p=0.054
Gender 24 months β 3.736 
(-1.953, 9.425) p=0.197

Lizaur- 
Utrilla, 
2014 
Spain

PCS n=383  
(416 TKAs)

- OA
-  Undergoing 

TKA

Agel,c

Genderd

BMIc

ASAc

Comorbidityc

Preoperative 
ROMl

Preoperative 
KSSll

preoperative 
WOMACl

Preoperative 
SF-12l

Clinical 
failure 
(<70 
points 
in KSS 
scores)

Preoperatively,
5 year post-
operative

LFU:
5 years: 4

Clinical failure: -5-

Gender (male ref ):  OR 1.50 
(0.21, 11.06) p=0.653
Comorbidity (low=ref ) 
medium OR 1.03 (0.82,1.34) 
p=0.458
Comorbidity (low = ref) 
high OR 2.11 (1.94, 2.35) 
p=0.027
KSS knee OR 0.92 (0.79, 1.08) 
p=0.325
ROM OR 1.01 (0.95, 1.08) 
p=0.590
KSS function OR 0.76  
(0.63, 0.92) p=0.006
Walking distance OR 0.87 
(0.66, 1.14) p=0.324
WOMAC pain OR 0.30  
(0.11, 0.78) p=0.015

Maxwell, 
2013
USA and 
UK

RCS n=292

-    Patients with 
knee OA 

-   Scheduled  
for TKA

Genderd 
Agec 
Educational 
attainmentd 
Depressive 
symptomsd

Quadriceps 
femoris mus-
cle strengthl

BMId

Comorbidi-
tiesd

WOMAC pain 
in TKA kneel

WOMAC pain 
in contralate-
ral kneel

Pre-TKA WO-
MAC physical 
function 
scorel

Partici-
pation: 
LLDI-IL

Pain:  
WOMAC 
pain 
subscale

Function: 
WOMAC 
physical 
function 
subscale

Preopera-
tively, >1 year 
postopera-
tively

LFU NA

participation restriction  
>1 year postoperatively 
(adjusted OR (95% CI)): *
Sex (ref = men):  
OR 1.1 (0.7, 2.0)
Race (ref = white):  
OR1.5 (0.7,3.2)
Age:  ref <65 year
     65-74: OR 1.0 (0.6, 1.8)
     75+: OR 2.0 (0.8, 4.8)
Education attainment 
(ref>high school):  
OR 1.2 (0.4, 4.0)
Depressive symptoms:  
OR 3.3 (1.6, 6.6)
Preoperative quadriceps 
muscle strength:  
OR 0.3 (0.6, 1.1)
Pain in the ipsilateral knee 
(TKA): OR 6.0 (2.1, 17.3)
Pain in the contralateral 
knee: OR 5.2 (1.8, 14.8)
BMI: OR 0.9 (0.5, 1.5)
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Pre TKA WOMAC physical 
function: OR 1.0 (1.0, 1.1)
No. of comorbidities (ref=0): 
OR 1.0 (0.8, 1.3)

Papakos-
tidou, 
2012
Greece

PCS n=224

-  Patients with 
severe knee 
arthritis (OA 
or traumatic) 
undergoing 
primary TKA

Aged

Genderd 
BMId

Level of 
educationd 
Place of 
residenced 
Social 
supportd 
Preinterven-
tion painl 
Preinterven-
tion functionl

Preinterven-
tion stiffnessl

WOMAC 
pain 
WOMAC 
function
WOMAC 
stiffness

Preoperati-
vely, 6 weeks, 
3,6 and 12 
months 
postopera-
tively

LFU: 20

WOMAC Pain: *Δ
Gender β 0.02 (-0.84, 0.88) 
p=0.2
Age β -0.48 (-1.28, 0.31) 
p=0.9
BMI β -0.15 (-0.85, 0.54) p=0.6
Education β -0.72 (-1.69, 0.44) 
p=0.06
Social support β -0.86 (-1.82, 
0.09) p=0.07
Residence β -0.52 (-1.10, 
0.42) p=0.05
Preoperative pain β 0.10 
(2.29-0.02) p=0.02

WOMAC Function:
Gender β 1.30 (-1.68, 4.28) 
p=0.4
Age β -2.47 (-5.23, 0.28) 
p=0.07
BMI β -0.97 (-3.41, 1.46) p=0.4
Education β -3.08 (-6.76, 0.59) 
p=0.09
Social support β -2.24 (-5.55, 
1.06) p=0.1Residence β -2.25 
(-4.87, 0.38) p=0.09
Preoperative function β 
0.17 (0.06-0.28) p=0.002

WOMAC stiffness:
Gender β -0.15 (-0.52, 0.23) 
p=0.4
Age β -0.18 (-0.53, 0.17) 
p=0.3
BMI β -0.06 (-0.37, 0.24) p=0.4
Education β -0.16 (-0.70, 0.28) 
p=0.8
Social support β -0.17 (-0.59, 
0.25) p=0.4
Residence β -0.15 (-0.59, 0.22) 
p=0.06
Preoperative stiffness β 0.07 
(-0.02, 0.17) p=0.1

Utrillas- 
Compai-
red, 2014
Spain

PCS n=263

-  Diagnosis of 
OA

-  Eligible for TKA 
surgery

BMIc

Sangha 
comorbidity 
scalel

Folstein Mini 
Mental Testl

Hospital 
Anxiety Scale 
(HAD)c

KSSl

WOMAC QoLl

VASl

KSS pain
KSS  
function
WOMAC

Preoperatively 
1 year after 
surgery

LFU:
6 months: 61

KSS pain: +Δ
Preoperative KSS pain  
β -0.834 p=0.001

KSS function: +
Preoperative KSS function   
β -0.461 p=0.001
Comorbidity β -2.567 
p=0.009
Psychologic distress  
β -6.184 p=0.001
Age β -0.396 p=0.004
BMI β -2.020 p=0.018

WOMAC: +
Preoperative WOMAC  
β 0.536 p=0.001
Psychologic distress  
β -2.024 p=0.028

Table 1 Study characteristics and results (continued)
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Valdes, 
2012
UK

RCS n=860

-  Patients who 
had undergone 
TKA in the past 
5 years with 
primary  
indication 
of OA

Preoperative 
radiographic 
severity  
(Kellgren- 
Lawrence 
grade)c 
Depressiond 
BMIl 

Agel

Genderd

Chronic 
widespread 
paind

WOMAC 
pain and 
function 
scale

Preoperati-
vely, 3 years 
postopera-
tively

LFU NA

WOMAC Pain: * -3-

Low radiographic grade 
(K/L <3) OR 0.76 (0.58, 1.39) 
p=0.0868
Depression OR 1.78  
(1.20, 2.64) p=0.0038
BMI OR 1.04 (1.00, 1.07) 
p=0.0305
Age OR 0.95 (0.92, 0.97)  
p= 1.1E-05
Gender (female vs male)  
OR 1.17 (0.98, 1.39) p=0.0868
Chronic widespread 
pain OR 3.15 (1.86-5.30) 
p=1.9E-05

Wylde, 
2012
Ireland

PCS n=251

-  Patients 
being listed 
for a primary 
Triathlon knee 
replacement 
because of 
knee OA with 
a participating 
surgeon

Genderl

Aged

Number of 
other painful 
jointsc

Number of 
medical co-
morbiditiesc

Preoperative 
WOMACl

Pain self- 
efficacy scalel 

HAD anxiety 
scorel

HAD depres-
sion scorel

WOMAC 
pain and 
function 
scale

Preoperative 
and 1 year 
postoperative

LFU 31

WOMAC Pain score: *
Gender β -0.29 (-0.26, 27.97) 
p=0.88
Age β 1.97 (-24.04, 27.97) 
p=0.98
Self-efficacy β -0.05  
(-0.28, 0.18) p=0.67
Painful other joints β 1.23 
(-0.16, 2.61) p=0.08
Comorbidities β -0.21  
(-1.96, 1.55) p=0.82
Depression β -0.70  
(-1.86, 0.46) p= 0.24
Anxiety β 1.08 (0.28, 1.88) 
p=0.008
Pain severity β 0.18  
(0.03, 0.33) p=0.016

WOMAC Function score:
Gender β -1.42 (-6.16, 3.33) 
p=0.71
Age β 0.047 (-0.20, 0.30) 
p=0.71
Self-efficacy β -0.26  
(-0.48, -0.03) p=0.02
Painful other joints β 1.93 
(0.63, 3.22) p=0.004
Comorbidities β -0.68  
(-2.31, 0.9)5 p=0.41
Depression β -0.64  
(-1.74, 0.46) p=0.25
Anxiety β 0.88 (0.13-1.62) 
p=0.02
Disability β 0.29 (0.13, 
0.44) p<0.001

Wylde, 
2015
UK

PCS n=316

-  Patients being 
listed for pri-
mary unilateral 
TKA for OA

Preoperative 
WOMACl

WOMAC 
pain

Preoperative, 
12 months 
postoperative

WOMAC pain score:
Preoperative WOMAC  
pain score β -0.087 
(-0.173- -0.001) p=0.045

AKS=Anterior Knee Pain; ASA=American society of anaesthesiologists; BMI=Body Mass Index; CES-D10=Center for Epidemiological Studies 
Depression Scale; HAD=Hospital Anxiety and Depression;  HHS=Hamilton Health Sciences Henderson Hospital; HUI3=Health Utilities Index 
Mark 3;  IKSS=International Knee Society Score; KFS=Knee Society Score, function; KPS=Knee Pain Score KSS=Knee Society Score;  
K-L=Kellgren-Lawrence; LFU=lost to follow-up; MCS=mental component score; MOS=Medical Outcomes Study Social Support Survey; 
NA=not available; NS=not significant; OA= osteoarthritis; OKS=Oxford Knee Score; OR=odds ratio; pcs=physical component score; 
PCS=prospective cohort study; PF-score=Patellofemoral score QoL=Quality of Life; RCS=retrospective cohort study; ROM=Range Of  
Motion; SF-12=Short-Form Health Survey (12);  SF-36=Short-Form Health Survey (36) ; SIMD= Scottish Index of Multiple Deprivation;  
TKA=Total Knee Arthroplasty; TWK=Toronto Western Hospital; UK=United Kingdom; USA=United States of America; USD=US Dollar;  
VAS=Visual Analogue Scale; WOMAC=Western Ontario and McMasters Universities Arthritis Index; d=dichotomy; l=linear; c=categorial; 
*both significant and non-significant results if presented by the study author; +only significant results presented by the study author;  
-3-=3 year follow up; -5-=5 year follow up; Δ change in outcome (not an absolute value)

Table 1 Study characteristics and results (continued)
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813 records identified through 
literature search of PubMed

339 records identified through 
literature search of EMBASE

1152 records identified through combined 
literature search after removal of duplicates

1152 records screened 1025 records excluded based on evaluation 
of titles and abstracts

127 full-text articles assessed for eligibility

18 studies included

0 additional full-text articles included  
by reference screening

Full text articles excluded: 109
 • n<200 
 •    patient satisfaction is measured  

as outcome measure
 • follow up <1 year 
 • diagnosis not clear 
 • prognostic factors for planning TKA surgery 
 • no separate data for TKA 
 • no complete data 
 • other reasons 

Figure 1 Flow chart of the study selection
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Table 2 Risk of bias Quality in Prognosis Studies (QUIPS)

Study Study 
participation

Study  
attrition

Prognostic 
factor 
measurement

Outcome 
measurement

Study 
confounding

Statistical 
analysis and 
reporting

Alzahrani low moderate low moderate moderate low

Amusat moderate high moderate low low low

Barrack high moderate moderate moderate high low

Clement moderate high moderate low high low

Davis low low moderate low low low

Dowsey 2012 low low low low low low

Dowsey 2014 low moderate low low low low

Dowsey 2015 low moderate low low low low

Escobar low low low low moderate low

Koh low low low low moderate low

Liebs low low low low low low

Lizaur-Utrilla low moderate low low low low

Maxwell low high low low low low

Papakostidou low low low low low low

Utrillas-
Compaired

low moderate moderate low low high

Valdes moderate high low low low low

Wylde 2012 low low low low low low

Wylde 2015 low high low low low low

Study participation = the representativeness of the study sample; Study attrition = whether participants with follow-up data represent 
persons enrolled in the study; Prognostic factor measurement = adequacy of prognostic factor measurement; Outcome measurement 
= adequacy of outcome measurement; Study confounding = potential confounding factors; Statistical analysis and reporting = the 
appropriateness of the statistical analysis and completeness of reporting
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Table 3   Grading of Recommendations Assessment, Development and Evaluation (GRADE),  
outcome recovery after TKA

Potential prognostic  
factors identified

N of 
participants

N of  
studies

N of  
cohorts

Phase of 
investigation

Univariate Multivariate GRADE FACTORS

+ 0 - + 0 -
Study 

limitations
Inconsis- 

tency
Indirect- 

ness
Impre- 
cision

Publication  
bias

Moderate/  
large effect size

Dose 
 effect

Overall  
quality

Age 7484 10 10 1 3 7 0 3 7 0 √ X √ √ X X n.a. +

Sex (female) 7221 10 10 1 2 8 0 5 5 0 √ X √ √ X X n.a. +

Anxiety 251 1 1 2 0 0 1 0 0 1 √ n.a. √ X X X n.a. +

Depression 948 3 3 2 0 2 1 0 2 1 √ X √ X X √ n.a. +++

Social support 1585 4 4 1 2 2 0 2 2 0 √ X √ X X √ n.a. +

Psychological distress 263 1 1 2 0 1 0 0 1 0 X n.a. √ X X X n.a. +

Education 832 3 3 1 0 3 0 0 3 0 √ √ X X    X X n.a. +

Minority 661 1 1 2 0 1 0 0 1 0 X n.a. √ X X X n.a. +

Income 661 1 1 2 1 0 0 1 0 0 X n.a. √ X X X n.a. +

Employment 3 months before 
surgery 977 2 2 2 0 2 0 0 2 0 X √ √ X X X n.a. +

Social economic status 1754 2 2 1 0 2 0 0 2 0 √ X √ X X X n.a. +

Preoperative pain score 5226 10 10 2 0 2 8 0 2 8 X X √ X X X n.a. +

Preoperative physical function 
score 3245 6 6 2 0 0 6 0 0 6 X X √ X X X n.a. +

Preoperative quadriceps muscle 
force 292 1 1 1 0 1 0 0 1 0 √ n.a. √ X X X n.a. +

Preoperative flexion contracture 1192 1 1 1 0 0 1 0 0 1 √ n.a. √ X X X n.a. +

Preoperative ROM 416 1 1 1 0 1 0 0 1 0 √ n.a. √ X X X n.a. +

Preoperative SF-12 score 2061 2 2 1 2 0 0 2 0 0 X √ √ √ X X n.a. +

Comorbidity 6058 6 6 1 4 2 0 4 1 0 √ X √ X X √ n.a. +

Walking distance 416 1 1 1 0 1 0 0 1 0 √ n.a. √ X X X n.a. +

BMI 5021 6 6 1 3 3 0 3 3 0 √ X √ √ X X n.a. +

Low back pain 640 1 1 1 0 0 1 0 0 1 √ n.a. √ X X √ n.a. +

Painful other joints 656 2 2 2 1 1 0 1 1 0 X X √ X X X n.a. +

Radiographic severity 1338 2 2 1 0 0 2 0 0 2 X X √ X X X n.a. +

Diabetes Mellitus 405 1 1 2 1 0 0 1 0 0 X n.a. √ X X X n.a. +

Kidney disease 405 1 1 2 0 0 1 0 0 1 X n.a. √ X X √ n.a. +

Overall health status 405 1 1 2 1 0 0 1 0 0 X n.a. √ X X √ n.a. +

ASA status 689 1 1 1 0 1 0 0 1 0 √ n.a. √ X X X n.a. +

For uni- and multivariate analyses: +, number of significant positive effects; 0, number of non-significant effects; -, number of significant  
negative effects. For GRADE factors: √, no serious limitations; X, serious limitations (or not present for moderate/large effect size, dose effect) 
N=number; n.a.=not available (unable to rate item based on available information). For overall quality of evidence: +, very low; ++, low; +++, 
moderate; ++++, high; ASA=American Society of Anesthesiologists; BMI=Body Mass Index; ROM=Range Of Motion;  
SF-12=short-form health survey
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Potential prognostic  
factors identified

N of 
participants

N of  
studies

N of  
cohorts

Phase of 
investigation

Univariate Multivariate GRADE FACTORS

+ 0 - + 0 -
Study 

limitations
Inconsis- 

tency
Indirect- 

ness
Impre- 
cision

Publication  
bias

Moderate/  
large effect size

Dose 
 effect

Overall  
quality

Age 7484 10 10 1 3 7 0 3 7 0 √ X √ √ X X n.a. +

Sex (female) 7221 10 10 1 2 8 0 5 5 0 √ X √ √ X X n.a. +

Anxiety 251 1 1 2 0 0 1 0 0 1 √ n.a. √ X X X n.a. +

Depression 948 3 3 2 0 2 1 0 2 1 √ X √ X X √ n.a. +++

Social support 1585 4 4 1 2 2 0 2 2 0 √ X √ X X √ n.a. +

Psychological distress 263 1 1 2 0 1 0 0 1 0 X n.a. √ X X X n.a. +

Education 832 3 3 1 0 3 0 0 3 0 √ √ X X    X X n.a. +

Minority 661 1 1 2 0 1 0 0 1 0 X n.a. √ X X X n.a. +

Income 661 1 1 2 1 0 0 1 0 0 X n.a. √ X X X n.a. +

Employment 3 months before 
surgery 977 2 2 2 0 2 0 0 2 0 X √ √ X X X n.a. +

Social economic status 1754 2 2 1 0 2 0 0 2 0 √ X √ X X X n.a. +

Preoperative pain score 5226 10 10 2 0 2 8 0 2 8 X X √ X X X n.a. +

Preoperative physical function 
score 3245 6 6 2 0 0 6 0 0 6 X X √ X X X n.a. +

Preoperative quadriceps muscle 
force 292 1 1 1 0 1 0 0 1 0 √ n.a. √ X X X n.a. +

Preoperative flexion contracture 1192 1 1 1 0 0 1 0 0 1 √ n.a. √ X X X n.a. +

Preoperative ROM 416 1 1 1 0 1 0 0 1 0 √ n.a. √ X X X n.a. +

Preoperative SF-12 score 2061 2 2 1 2 0 0 2 0 0 X √ √ √ X X n.a. +

Comorbidity 6058 6 6 1 4 2 0 4 1 0 √ X √ X X √ n.a. +

Walking distance 416 1 1 1 0 1 0 0 1 0 √ n.a. √ X X X n.a. +

BMI 5021 6 6 1 3 3 0 3 3 0 √ X √ √ X X n.a. +

Low back pain 640 1 1 1 0 0 1 0 0 1 √ n.a. √ X X √ n.a. +

Painful other joints 656 2 2 2 1 1 0 1 1 0 X X √ X X X n.a. +

Radiographic severity 1338 2 2 1 0 0 2 0 0 2 X X √ X X X n.a. +

Diabetes Mellitus 405 1 1 2 1 0 0 1 0 0 X n.a. √ X X X n.a. +

Kidney disease 405 1 1 2 0 0 1 0 0 1 X n.a. √ X X √ n.a. +

Overall health status 405 1 1 2 1 0 0 1 0 0 X n.a. √ X X √ n.a. +

ASA status 689 1 1 1 0 1 0 0 1 0 √ n.a. √ X X X n.a. +

For uni- and multivariate analyses: +, number of significant positive effects; 0, number of non-significant effects; -, number of significant  
negative effects. For GRADE factors: √, no serious limitations; X, serious limitations (or not present for moderate/large effect size, dose effect) 
N=number; n.a.=not available (unable to rate item based on available information). For overall quality of evidence: +, very low; ++, low; +++, 
moderate; ++++, high; ASA=American Society of Anesthesiologists; BMI=Body Mass Index; ROM=Range Of Motion;  
SF-12=short-form health survey
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OUTCOME MEASURES
Pain was measured with the Western Ontario and McMasters Universities Arthritis Index (WO-
MAC) pain scale,(49) the International Knee Society Score pain scale, (50) or one question about 
'experienced pain in the last 30 days.'(35) Physical function was measured with the WOMAC func-
tion score,(49) the Oxford Knee Score,(51) the American Knee Society (50) and the International
Knee Society Score function scores,(50) the absence of a flexion contracture,(39) and questions 
about daily activities such as getting in and out of a car and a chair.(35) Quality of life was  
measured with the short-form health survey (SF)-12 (52) and the SF-36.(53) Outcome was  
determined one year postoperatively in all studies, except for the studies of Lizaur-Utrilla et al 
(23) (five years postoperative) and Valdes et al (42) (three years postoperative).

PROGNOSTIC FACTORS
In total, 27 prognostic factors were studied. The included studies exhibited marked heterogeneity 
in terms of follow-up, prognostic factors, outcome measures, and reporting of results. The level of 
evidence per prognostic factor is presented in Table 3 (page 38).

DEMOGRAPHIC FACTORS

Age
Ten studies reported on the association between the prognostic factor age and the WOMAC (49) 
pain and function scales.(20-22,24,38,41,43-45,47) The studies with change scores reported no 
association. Three other studies found a significant effect of age and five studies reported no  
significant effect. There is very low-quality evidence (phase of investigation 1, downgraded for 
inconsistency, and publication bias) that age was not a prognostic factor for the level of pain and 
physical functioning one year postoperatively.

Sex
Ten studies reported on the prognostic factor sex.(20-24,38,41,43,44,47) Escobar et al (22) and 
Papakostidou et al (41) reported change scores and found no significant effect. Six other studies 
reported no significant effect of sex for the level of pain and physical functioning. There is very 
low-quality evidence (phase of investigation 1, downgraded for inconsistency, and publication 
bias) that female sex is not a prognostic factor for the level of pain and physical function one 
year after a TKA. Dowsey et al (21) assessed sex as a prognostic factor for quality of life after TKA.  
A total of 1065 patients were included and the SF-12 was used to determine the effect on quality 
of life. There is very low-quality evidence (phase of investigation 1, downgraded for inconsistency, 
and publication bias) that female sex is a prognostic factor for better quality of life after a TKA  
one year postoperatively.

PSYCHOLOGICAL AND SOCIAL FACTORS

Anxiety
Wylde et al (43) found that absence of anxiety is a significant prognostic factor for lower levels of 
pain and higher levels of physical functioning, both measured with a subscale of the WOMAC, 
measured with absolute scores. There is very low-quality evidence (phase of investigation 2, 
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downgraded for imprecision, and publication bias, inconsistency not available) that absence of 
anxiety is a prognostic factor for both lower levels of pain (WOMAC pain) and higher levels of 
physical functioning (WOMAC function) one year after TKA surgery.

Social support
Four studies reported on the factor social support as a prognostic factor for pain and function. 
(22,41,44,46) The studies with the absolute scores showed very low-quality evidence for a  
significant effect of the presence of social support on pain and physical functioning in TKA.(44,46) 
The studies with the change scores measured no effect of social support.(22,41) There is very 
low-quality evidence (phase of investigation 1, downgraded for inconsistency, imprecision, and 
publication bias, upgraded for moderate/large effect size) that the presence of social support is 
a prognostic factor in TKA for less pain and better physical functioning one year postoperatively.

Socioeconomic factors
A few studies reported about socioeconomic factors and found no significant prognostic factor, 
(24,35,41,46) except income.(35) Higher income is a significant prognostic factor for better  
physical functioning. There is very low-quality evidence that educational status, belonging to a 
minority group, employment status three months before surgery and social economic status are 
not prognostic factors for recovery in TKA one year after surgery. There is very low-quality evidence  
(phase of investigation 2, downgraded for study limitations, imprecision, and publication bias, 
inconsistency not available) that higher income is a prognostic factor for better physical function 
after TKA one year after surgery.

PHYSICAL FACTORS

Preoperative status
The preoperative status is split into preoperative pain and preoperative physical function.  
Eleven studies reported on preoperative pain as a prognostic factor in TKA.(21,23,24,38,41-47) 
Papakostidou et al (41) and Utrillas-Compaired et al (45) (the studies with change scores) found 
preoperative pain as a significant prognostic factor for postoperative pain after a TKA, just like 
seven studies with absolute scores.(21,23,24,42-44,46) 
There is very low-quality evidence (phase of investigation 2, downgraded for study limitations, 
inconsistency, imprecision, and publication bias) that more preoperative pain (WOMAC pain  
score) is a prognostic factor in predicting lower pain levels one year after TKA. Six studies found 
preoperative physical function as a significant prognostic factor for postoperative physical  
functioning (including two studies with change scores).(21,24,36,41,44,45) There is very low- 
quality evidence (phase of investigation two, downgraded for study limitations, inconsistency, 
imprecision, and publication bias) that a lower preoperative function (WOMAC function score) is 
a prognostic factor in better physical function one year after TKA.

Comorbidity
Six studies reported about comorbidity.(20-22,43,45,47) For the level of pain, comorbidity is not 
a significant prognostic factor.(20,33,45) Three studies found that comorbidity is a significant  
prognostic factor for better physical function.(21,22,45) There is very low-quality evidence (phase 
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of investigation 1, downgraded for inconsistency, imprecision, and publication bias, upgraded for 
moderate/large effect size) that comorbidity is not a prognostic factor for pain and there is very 
low-quality evidence (phase of investigation 1, downgraded for inconsistency, imprecision, and 
publication bias, upgraded for moderate/large effect size) that less comorbidity is a prognostic 
factor for better physical function and quality of life one year after TKA surgery.

Body mass index
All studies that measured the effect of Body Mass Index (BMI) on the level of pain found that BMI  
is not a significant prognostic factor for the level of pain. Two studies found BMI as a significant 
prognostic factor for physical function. There is very low-quality evidence (phase of investigation 1,  
downgraded for inconsistency, and publication bias) that normal BMI is not a prognostic factor 
for the level of pain. There is very low-quality evidence (phase of investigation 1, downgraded  
for inconsistency, and publication bias) that normal BMI (18.5-24.9 kg/m2) is a prognostic factor 
for better physical function one year after TKA.

Radiographic severity
Dowsey et al (38) and Valdes et al (42) reported on radiographic severity in TKA with the  
Kellgren-Lawrence grade. Both found more radiographic damage as a significant prognostic  
factor for less pain and improved physical function. There is very low-quality evidence (phase of 
investigation 1, downgraded for study limitations, inconsistency, imprecision, and publication 
bias) that more radiographic severity preoperatively is associated with less pain and improved 
physical function after TKA.

Discussion

Our systematic review demonstrates that there is very low-quality evidence that preoperative 
more pain, presence of social support, absence of anxiety, and more radiographic damage are 
prognostic factors for lower pain levels after TKA. There is very low-quality evidence that low 
preoperative physical function, less comorbidity, absence of anxiety, presence of social support, 
higher income, normal BMI, and more radiographic damage are prognostic factors for better 
physical function. There is very low-quality evidence that female sex and less comorbidity are 
prognostic factors for better quality of life after TKA.
Compared with other systematic reviews about prognostic factors in TKA, this is the first review in 
which three outcome measures were determined (pain, physical function, and quality of life), and 
the quality of evidence per prognostic factor was determined using the GRADE methodology 
with due observance of the phases of investigation.(19,25) 
Santaguida et al (54) concluded in studies published until 2001 that older age was associated 
with worse function after TKA, which is not in line with our results. Five studies published after the 
review of Santaguida showed that age was not a prognostic factor in outcome after TKA, which is 
confirmed in our review; we found very low-quality evidence that age is not a prognostic factor 
for outcome after TKA. Elderly people are more sedentary and have lower expectations from a 
TKA and accept their condition as being the consequence of getting older. Self-reported outco-
me is therefore not worse than in younger people. 
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Vissers et al (16) focused on psychological factors and found outcomes in line with our review, 
but some other psychological prognostic factors in studies published after 2012 give additional 
information, namely the presence of social support and the absence of anxiety. This is due to the 
higher number of published studies about psychological prognostic factors in TKA. It is known 
that anxiety and depression are associated with poorer physical function.(55) Further research 
to the correlation of the different prognostic factors is needed for clinical decision making. The 
results of the systematic review of Lungu et al (18) are mostly in line with our results. 
It is important to mention that almost 50% of the included studies of Lungu et al had a follow- 
up period of six months. Our included articles had a follow-up period of minimal one year.  
Especially pain and physical function improve significantly between six months and one year.(56)  
However, the prognostic factors for midterm (six months) and long-term (one year) outcome 
after TKA seems to be the same as concluded in our review and the review of Lungu et al. 
Our results are supplemented with the level of evidence per prognostic factor based on the  
phases of investigation and prognostic factors of quality of life after TKA. Quality of life is an  
important outcome for patient satisfaction after TKA, but only four included studies reported 
about quality of life as outcome measure.(21,22,40,47) The systematic review of Lungu et al (18)  
included also studies with <200 patients. We excluded these studies to decrease the chances of 
confounding bias. Thirty studies were excluded based on the number of patients <200, where-
of six studies included >150 patients.(57-62) We checked if the excluded studies based on the  
sample size would change the results of our review, which was not the case.
There is very low-quality evidence that being female is a prognostic factor for a better quality 
of life after TKA. It has been shown that women experience higher preoperative pain levels and 
have worse function scores,(63) possibly there is an association between sex and higher preope-
rative pain levels and worse function. The included studies did not correct this possible associ-
ation, which is a shortcoming of the included studies. Women are more likely than men to wait 
until their function has deteriorated before accepting the offer of surgery.(63) In two studies, the 
preoperative difference between women and men in preoperative pain and function has not 
been taken into account.(22,41) In these studies, women report the same outcome as men but 
this is not corrected for preoperative scores, in which women score worse than men. 
There is very low-quality evidence that less comorbidity is a prognostic factor for better physical 
function and quality of life in the long-term outcome after TKA, but not for pain. Possibly, comor-
bidity that affects the ability to be physically active could influence the rehabilitation process; 
and as a result of an inefficient rehabilitation, the outcome after TKA is limited. 
The low-quality evidence of the prognostic value of comorbidity in the long-term is seen in  
physical function and quality of life. Literature about the short-term outcome after TKA showed 
that comorbidity was found to be a significant prognostic factor for an increased complication 
rate and length of hospital stay after TKA.(64) Comorbidity should therefore be considered a 
prognostic factor in recovery after TKA.
There is an inverse relationship between the preoperative radiographic severity (more radio-
graphic damage) of osteoarthritis and outcomes after TKA (better outcome). Possibly, this is due 
to the fact that the pain and disability in patients with mild osteoarthritis were not caused by 
marked severity of joint damage, but by other factors, such as abnormality of pain physiology 
(such as lower pain thresholds) (65) or a tendency toward more central sensitization.(66) This 
aspect needs further research. In case of mild radiographic severity, further clinical research is 
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advised to the cause of the pain, before considering a TKA surgery. We included studies focusing 
on pain, physical function, and quality of life as most relevant targets for rehabilitations and for 
patients at long-term. 
Worse outcome scores on pain, physical function and quality of life could be the result of factors 
related to TKA surgery, such as infection, incorrect component sizing, component malposition, 
and periprosthetic fractures. These factors within the first year after surgery would have had  
negatively influenced the rehabilitation process after a TKA and the outcomes at the level of pain, 
physical function, and/or quality of life. Reviews about prognostic factors in TKA with revision 
and stiffness as outcome showed that surgery-related factors were the most common cause  
of stiffness and revision.(10,11) This included errors in soft-tissue balancing, component mal-
position, incorrect component sizing, and increased surgery duration.(10,11) Postoperative  
infections and incorrect rehabilitation protocols are other prognostic factors in stiffness after 
TKA.(10) These factors and the surgical-related factors were not studied in our systematic review, 
because these were perioperative factors and we were interested in preoperative prognostic  
factors as mentioned in our inclusion criteria. The included studies in the reviews with stiffness 
(10) and revision (11) as outcome did not seek to generate understanding of the underlying  
processes for the prognosis (phase 3 studies), but are all phase 1 or 2 studies and therefore of 
weaker evidence.(19)

STRENGTHS AND LIMITATIONS
Quality assessment was based on the QUIPS tool.(32) A specific cut-off point for high quality 
or low quality is difficult to define and thus remains arbitrary. The methodological strengths of  
the included studies measured with the GRADE are the quality of the statistical analysis and  
reporting of the included studies. All studies were in phase 1 (exploration of associations) or  
phase 2 (testing independent associations).(25) None of the studies was a phase 3 study (under-
standing and testing prognostic pathways).(25) Therefore, the quality of evidence per prognostic 
factor is very low. It is a shortcoming that there are many studies published about prognostic 
factors in TKA to explore or test associations, but there is a lack of phase 3 studies. Phase 1 and 2 
studies about prognostic factors in TKA vary in surgical techniques, rehabilitation protocols,  
and outcome measures so it is difficult to divide subgroups and research all prognostic factors. 
More high-quality phase 3 studies are needed to understand and test the underlying process for 
the prognosis in patients undergoing TKA surgery rather than exploring associations. 
Limitation of our systematic review is the possibility of language bias. We included only studies 
in English, German, and Dutch, so it is possible that we missed high-quality studies. Results of 
our review could depend on the language restriction, nevertheless there is no suspicion of bias.  
The limitation of included studies applies also for studies not published in Embase and MED-
LINE. We included studies focusing on pain, physical function, and quality of life, and no studies  
focusing on failure of implants or revisions as dependent variables.

CLINICAL IMPLICATIONS AND FUTURE RESEARCH
To indicate a TKA surgery, it is important that the patient has realistic expectations of the TKA 
surgery, which are in accordance with the expectations of the orthopaedic surgeon. Therefore, 
it is necessary for the orthopaedic surgeon to have a complete understanding of the patient’s 
preoperative status, including the physical status, as well as the psychological status, social  
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factors, and socioeconomic status. More knowledge of the prognostic factors on the outcome of 
TKA surgery can guide the orthopaedic surgeon in this shared decision-making process with the 
patient and will result in the patient being better informed on realistic expectations. 
The physical status of the patient is a modifiable prognostic factor for TKA surgery (preoperative 
WOMAC score), which can be optimized before surgery in patients who do not have an optimal 
preoperative physical status. Other prognostic factors, such as gender and severity of radio-
logic findings on the x-ray, cannot be modified, but are beneficial to predict recovery. Therefore,  
it is essential to fine-tune these expectations that benefits the outcome of TKA surgery.  
Further research (phase 3 studies) (19) is needed into psychological, social, and socioeconomic 
factors to support the findings in this systematic review. Moreover, we might need to reconsider 
our strategy in performing and analyzing these types of prognostic studies.(67-69) For instance, 
it might be more valuable to look at recovery curves rather than at recovery points as well as  
to look at the outcomes at an individual level rather than at a group level.(70) A new approach 
to do this is called 'curve matching'; a new and promising technique, originally developed  
to improve the individual prediction of childhood growth.(71) In this method, the expected  
recovery curve serves as an additional predictor, besides the static baseline predictors, making  
it more relevant and predictive to the individual case. More phase 3 studies to prognostic factors 
in TKA related to pain, physical function, and quality of life after TKA are needed.

Conclusion

This systematic review demonstrated that there is very low-quality evidence on prognostic factors  
for recovery after TKA. There is very low-quality evidence that female sex, more preoperative 
pain, lower preoperative function, absence of anxiety, presence of social support, more radio-
graphic damage, higher income,less comorbidity, and normal BMI are prognostic factors for bet-
ter long-term outcome after TKA. There is very low-quality evidence that there is no association 
between the other prognostic factors and recovery. The phase of investigation of all included 
studies is phase 1 or 2, and therefore the quality of evidence per prognostic factor is very low, so 
there is insufficient evidence about prognostic factors in TKA, which hinders decision-making by 
orthopaedic surgeons, physiotherapists, and patients considering TKA. We found no strong evi-
dence for any particular association. This implies that studies are badly needed in this field that 
test fully developed hypotheses and conceptual frameworks instead of following a 'datamining' 
approach.
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Appendix 1   Full bibliography of the electronic searches  
January 2000 – January 2016 

Search history PUBMED

ID Search Hits

#14 #6 AND #13 813

#13 (((((#7) OR #8) OR#9) OR #10) OR #11) OR #12 755183

#12 Functional recovery [tiab] OR Pain [tiab] OR Disability [tiab] 572156 
 OR Functional status [tiab] OR Physical functioning [tiab] OR 
 Quality of Life [tiab] OR mobility limitation [tiab] OR return 
 to work [tiab]

#11 Mobility limitation [Mesh] 1812

#10 Recovery of function [Mesh] 26588

#9 Pain [Mesh] 285970

#8 Quality of Life [Mesh] 105345

#7 return to work [Mesh] 99

#6 #5 AND #1 2420

#5 ((#2) OR #3) OR 4 20049

#4 (prognosis[tiab] OR prognostic[tiab] OR predict*[tiab]) 1112765                 

#3 risk factors [Mesh] 507497 

#2 prognosis [Mesh:NoExp] 331805

#1 (arthroplasty, replacement, knee [Mesh] OR knee prosthesis 20049
 [Mesh] OR total knee[tiab] OR TKA[tiab] OR knee joint 
 arthroplasty[tiab] OR knee joint arthroplasties[tiab])

Search string EMBASE

ID Search Hits

#5 #3 AND #4 339                                                                             

#4 quality of life OR pain OR convalescence OR return to work 1197359

#3 #1 AND #2 486

#2 prognosis/exp OR prognosis 545361  

#1 knee arthroplasty/exp OR knee arthroplasty OR total knee 26574
 replacement/exp OR total knee replacement OR knee 
 prosthesis/exp OR knee prosthesis





3

53

Recovery trajectories  
over six weeks 

in patients selected  
for a high-intensity  

physiotherapy program after  
Total Knee Arthroplasty

A Latent Class Analysis



Chapter 3

54

Abstract

Background: Recovery trajectories differ between individual patients and it is hypothesizing 
that they can be used to predict if an individual patient is likely to recover earlier or later. 
Primary aim of this study was to determine if it is possible to identify recovery trajectories for  
physical functioning and pain during the first six weeks in patients after TKA. Secondary aim 
was to explore the association of these trajectories with one-year outcomes.

Methods: Prospective cohort study of 218 patients with the following measurement time points: 
preoperative, at three days, two weeks, six weeks, and one year post-surgery (no missings). 
Outcome measures were performance-based physical functioning (Timed Up and Go [TUG]), 
self-reported physical functioning (Knee injury and Osteoarthritis Outcome Score-Activities 
of Daily Living [KOOS-ADL]), and pain (Visual Analogue Scale [VAS]). Latent Class Analysis was  
used to distinguish classes based on recovery trajectories over the first six weeks postopera-
tively. Multivariable regression analyses were used to identify associations between classes 
and one year outcomes.

Results: TUG showed three classes: 'gain group' (n=203), 'moderate gain group' (n=8) and 
'slow gain group' (n=7), KOOS showed two classes: 'gain group' (n=86) and 'moderate gain 
group' (n=132), and VAS-pain three classes: 'no/very little pain' (n=151), 'normal decrease 
of pain' (n=48) and 'sustained pain' (n=19). The' low gain group' scored 3.31 [95% CI 1.52, 
5.09] seconds less on the TUG than the 'moderate gain group' and the KOOS 'gain group' 
scored 11.97 [95% CI 8.62, 15.33] points better than the 'moderate gain group' after one year.  
Patients who had an early trajectory of 'sustained pain' had less chance to become free of 
pain at one year than those who reported 'no or little pain' (odds ratio 0.11 [95% CI 0.03, 0.42].

Conclusion: The findings of this study indicate that different recovery trajectories can be de-
tected. These recovery trajectories can distinguish outcome after one year. 

Keywords: Total Knee Arthro plasty, Recovery, Physiotherapy program, Latent Class Analysis.

Introduction

An increasing number of studies focussed on the effectiveness of Total Knee Arthroplasty (TKA) 
surgery for people with end-stage osteoarthritis. They showed that on the average 80% of the  
patients is satisfied one year after surgery.(1,2) However, the vast majority of studies on the  
effectiveness of TKA including a postoperative physiotherapy program used a pre-post design 
or randomized controlled design with measurements at six months or at one year.(3,4) In most 
of these studies recovery trajectories have not been analysed so far. Recovery trajectories might 
provide a more valid recovery parameter as it combines multiple end-points over time. Moreover, 
recovery trajectories might also be more valuable than a single end-point, to predict accurately 
how an individual patient is likely to recover (5) and to identify abnormal recovery. In addition 
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to that, identifying patients with similar patterns of recovery may provide novel insights into  
subgroups of patients that may or may not benefit from specific rehabilitation programs.  
Latent Class Mixture Models (LCMM) are widely used statistical models in social, behavioural and  
medical science. They can be used to identify latent subgroups, classes or clusters of individuals 
based on their common growth trajectories over time.(6) These models can be seen as an exten-
sion of growth models given the assumption of homogeneity of growth parameters within a 
latent subgroup.(7) The existence of distinct latent groups can reflect some yet unknown influen-
cing variables like comorbidity or other unobserved individual characteristics, or rehabilitation 
related factors like adherence to exercise or characteristics of the rehabilitation program. 
In this work, we use LCMM models to identify subgroups of patients based on their recovery 
trajectories after TKA surgery. We did this for the first step in a sample of patients included 
for a high-intensity physiotherapy program after TKA, because these patients were measured  
frequently. Moreover, the physiotherapy treatment in these patients is equal for all patients, so it 
is unlikely that this affects the recovery trajectories identified.
We hypothesized that there are different subgroups of patients with distinctly different recovery 
trajectories after TKA as reported by others.(8,9) Recovery trajectories were studied earlier in other 
populations, such as low back pain,(10) neck pain,(11) stroke patients,(12) knee osteoarthritis 
(13) and once in patients after TKA.(14) However, the latter study only looked at the recovery  
trajectories between one and five years,(14) while it is well-established that recovery primarily  
takes place in the first weeks after TKA,(15-18) and that the one-year outcome corresponds mostly 
with the end-stage in recovery after TKA.(15) There is currently a paucity of information in the 
literature on recovery trajectories in patients after TKA during the first weeks after surgery.
Therefore, the primary aim of this study was to determine if it is possible to identify recovery 
trajec tories for physical functioning (performance-based and self-reported) and pain over six 
weeks in patients after TKA. 
The secondary aim is to explore associations of these early recovery trajectories over six weeks 
with physical functioning (performance-based and self-reported) and pain after one year.

Materials and methods

STUDY DESIGN
This is a prospective cohort study with clinical data. The flowchart of this cohort study is  
presented in Figure 1 (page 56). Data were collected preoperative between one and two weeks 
before TKA surgery. Follow-up measurements were performed three days, two weeks, six weeks 
and one year after surgery. Data collection was performed as part of routine care. This study is  
reported in accordance with the STROBE statement for the reporting of observational studies.(19)  
The medical ethical review board of the Medisch Spectrum Twente (MST), Enschede, The Nether-
lands approved the study (Kh 13–06). All patients provided written informed consent prior to 
enrollment in the study.
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Figure 1 Study flow chart

PARTICIPANTS AND SETTING
Participants were recruited from the MST community hospital in Enschede, the Netherlands 
between February 2011 and December 2014. Patients who followed a high-intensity physio-
therapy program after TKA were included. The decision whether a patient was eligible to parti-
cipate in the program was made by the orthopaedic surgeon and the physiotherapist together. 
A requirement was that patients are able to maintain the high-intensity physiotherapy program. 
Therefore, the following inclusion criteria were mandatory: 1) 18 years or older and diagnosed 
with primary osteoarthritis; 2) admitted for TKA surgery; 3) preoperatively independent in activi-
ties of daily living; 4) no comorbidity that hindered doing exercises (20); 5) no mental disorders 
(20) as reported by the patient; 6) physically able and willing to perform a 10-day high-intensity 
physiotherapy program; and 7) signed informed consent (see Appendix 1). The high-intensity 
physiotherapy program is explained in Appendix 1.
A proper sample size is important for obtaining adequate statistical power as well as reducing bias 
related to parameter and standard error estimates for both analyses. An insufficient sample size  
can be particularly problematic when conducting Latent Class Analyses because it is often asso- 

Baseline and preoperative characteristics:
 • Patient characteristics (age, gender, BMI) 
 •    Number of comorbidities
 •    Performance-based physical functioning (TUG)
 •    Questionnaires (KOOS-ADL, VAS)

Clinical outcome for the recovery trajectories:
 • TUG
 • KOOS-ADL
 • VAS

Inclusion

TKA surgery

Definitive inclusion 10-day high-intensity 
physiotherapy program

Exclusion:
 • Wound problems (n=2)
 • Infection (n=1)
 • Not able to do exercises (n=1)

14-7 days preoperative 
n=222

3 days postoperative 
n=218

2 weeks postoperative 
n=218

6 weeks postoperative 
n=218

1 year postoperative 
n=218
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 ciated with convergence issues and perhaps inability to identify small but meaningful subgroups.
Unfortunately, determining the sample size needed to conduct a LCMM is not straightforward. 
'Rules of thumb' (e.g., 5 or 10 observations per estimated parameter) are commonly used to justify 
a particular sample size. For the multivariate linear regression analysis, following the rule of  
thumb at least 10 patients were needed per variable. A proper sample size for this study is a 
minimum of 100 patients. Assuming a dropout rate of 15%, a total number of 115 patients is 
appropriate.

SURGERY AND PHYSIOTHERAPY
After inclusion in the study by the orthopaedic surgeon and the physiotherapist, the preoperative 
assessment took place. Thereafter, all participants received a TKA procedure. Five orthopaedic 
surgeons performed all TKA surgeries following the same surgical procedure. The number of TKA 
procedures per year carried out by each surgeon varied from 50 to 70. Participants started their 
rehabilitation during the three day hospital admission. The orthopaedic surgeon and the physio-
therapist checked a second time if inclusion in the high-intensity program was possible (no 
complications which hindered following a 10-day high-intensity program). After discharge and 
definitive inclusion, participants stayed at a resort where they followed a 10-day high-intensity 
physiotherapy program, which is explained in Appendix 1. After ten days all participants returned 
home. The program was available for all patients, independent of their social and economic  
status. Patients were advised about the continuation of physiotherapy after the high-intensity 
program, dependent on their physical status.(21)

MEASUREMENTS
The following variables were collected preoperatively: patient characteristics (i.e. age, gender, 
Body Mass Index [BMI], number of comorbidities), performance-based measure (i.e. Timed Up 
and Go [TUG] (22) and self-reported measure (i.e., physical functioning measured with the Knee  
Injury Osteoarthritis and Outcome Score and Outcome Score Activities of Daily Living scale 
[KOOS-ADL],(23) and pain measured with the Visual Analogue Scale [VAS]).(24) Physical func-
tioning and pain are core outcome measures for people undergoing TKA surgery,(25) which 
was confirmed by patients and orthopaedic surgeons.(26) Mizner et al. advised using both per-
formance-based measure and patient-reported measure for measuring physical functioning.(27) 
Therefore, performance-based physical functioning (TUG), self-reported physical functioning 
(KOOS-ADL) and pain (VAS) were used as outcome measures. The recovery trajectories were based  
on measurements preoperatively, and three days, two weeks and six weeks after surgery. All out-
come measures were also measured at one year after surgery. 
The TUG is a multi-activity measure.(22) Patients were asked to stand up from an armchair (with a 
seat height of 46 cm), walk three metres, turn and walk back to the armchair without assistance. 
For scoring the TUG, the time in seconds to complete the task was measured. The instructions 
were to walk safely, but as fast as possible. The test was assessed twice and the lowest time score 
was used as outcome measure.
Self-reported physical functioning was measured with the KOOS-ADL. The KOOS is composed 
of five separately scored subscales: pain, symptoms, ADL, activities in sports and recreation, and 
knee-related quality of life.(23,28) Answers were given using a Likert scale, and each question 
was answered with a score from 0 to 4. A normalised score from 0 to 100 was calculated for each  

3
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domain (100 indicates no symptoms/pain, and 0 indicates extreme symptoms/pain). The KOOS  
has excellent reliability and good content and construct validity when used for short- and  
long-termfollow-up of knee injury.(29,30) It has been validated for people with TKA.(29-31) The 
score per subscale was determined and only the subscale ADL was used to measure outcome. 
The VAS was used to measure pain.(24) Patients were asked to mark on a 100-mm line their pain 
rating during the last week, where 0 corresponded to no pain and 100 corresponded to worst 
imaginable pain.

STATISTICAL ANALYSIS
Patient baseline and preoperative characteristics were described as median [interquartile range  
(IQR)] or number of patients (percentage). The subpopulations of patients based on the post-
operative performance-based physical functioning and self-reported physical functioning  
outcome trajectories and pain outcome trajectories during six weeks were identified using Latent 
Class Mixed Model (LCMM). The LCMM finds potential latent profiles in heterogeneous popula-
tions. It combines a Latent Class Model to identify homogenous latent classes of subjects and a 
mixed model to describe the mean trajectory over time in each latent group, while taking into 
account the individual correlation between repeated measures. Each subpopulation has its own 
physical functioning (TUG, KOOS-ADL) or pain (VAS) growth parameters. The models were fitted  
using not only linear functions of time but also quadratic functions to allow nonlinear mean 
trajec tories over time. 
The optimal number of classes was determined using a forward procedure, starting with one 
class and no subpopulations in the study sample. Then one class was added for each model.  
To evaluate if the model with one added class improved, two steps were taken: 1) The Bayesian 
information criterion (BIC) was used.(10,13,32) The BIC considered the likelihood of the model 
and the number of parameters in the model. A lower BIC value indicates a better model fit (33) 
and is a guidance to decide the optimal number of classes (10,13,32); 2) Patients were assigned to 
their most likely class based on a posterior probability of ≥0.7.(32)
The association of the identified groups with the one year outcomes was analysed using multi-
variable regression analysis.(34) Because 191 patients scored a VAS 0 (no pain) after one year,  
we decided to dichotomize the VAS score into ‘no/very little pain’ (VAS score 0–20) and ‘pain’  
(VAS score) ≥21. This cut-off point was also used in other studies using the patient acceptable 
symptoms state (PASS).(35,36) Dichotomizing was only done for the one year VAS scores. The one 
year responses were regressed on the identified subgroups and on a set of relevant baseline  
covariates: Age, gender and BMI. 
Linear regression models were used for the one year TUG and KOOS-ADL scores, and a logistic 
regression model for the one-year dichotomized VAS outcome. The association was determined 
with the regression coefficient and the 95% confidence interval (linear regression models) for 
TUG and KOOS and the odds ratio and the 95% confidence interval (logistic regression model) 
for the VAS of pain during the last week. The overall fit of the models was assessed using the total 
variance explained, the R2 for the linear regression models and Nagelkerkes R2 for the logistic 
regression model.
Statistical analysis was performed with R software version 3.4.4 (37) and IBM Statistical Package 
for the Social Sciences (SPSS 25.0).(38) The ‘lcmm’ R package was used to perform the Latent Class 
Analysis.(39)
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Results

STUDY POPULATION
In total 222 patients were selected and agreed to participate in the 10-day high-intensity physio-
therapy program. After surgery four patients were excluded for the 10-day high-intensity training 
program because of wound problems (n=2), infection (n=1) and not able to do exercises (n=1). 
Therefore, 218 patients were definitively included in the study, as shown in Figure 1 (page 56).  
All measurements at baseline and during follow-up were completed for all included patients. 
Table 1 shows the baseline characteristics of the study population (n=218).

Table 1 Characteristics study population

Characteristics Total cohort (n=218)

Age (year), median [IQR] 65 [60,71]

Gender, n (%) female 153 (70.2%)

BMI, median [IQR] 24.81 [22.55, 27.41]

Number of comorbidities, n (%)

0 59 (27.0%)

1 40 (18.3%)

2 38, (17.4%)

3 37 (17.0%)

4 25 (11.5%)

5 18 (8.3%)

6 1 (0.5%)

Preoperative TUG score (seconds), median [IQR] 8.65 [7.83, 9.88]

Preoperative KOOS-ADL score, median [IQR] 50 [35, 63]

Preoperative VAS score, median [IQR] 52 [42, 62]

BMI=Body Mass Index; IQR=interquartile range; KOOS-ADL=Knee Injury and Osteoarthritis Outcome Score-Activities of Daily Living; 
n=number of patients; TUG=Timed Up and Go; VAS=Visual Analogue Scale

3
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RECOVERY TRAJECTORIES

Performance-based recovery trajectories for physical functioning (TUG)
Appendix 2 shows the BIC from the linear and quadratic models of trajectories for TUG and using 
different numbers of groups. The quadratic three-class model was selected with the lowest BIC 
amongst the presented models to be the optimal models. Figure 2a shows the mean trajectories 
per class for the TUG model. The performance-based physical functioning classes were defined 
as 'low gain group' (class 1, n=7), 'gain group' (class 2, n=203) and 'moderate gain group' (class 3,  
n=8). In total 211 patients (97%) were recovered (class 2 and 3) and 7 patients (3%) were not  
recovered (class 1) based on the six weeks recovery trajectories.

Figure 2b  Two-class linear model KOOS-ADL 0-6 weeks

Figure 2a Three-class quadratic model TUG 0-6 weeks
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Figure 2c  Three-class quadratic model VAS 0-6 weeks

Self-reported recovery trajectories for physical functioning (KOOS-ADL)
The most optimal LCMM model for KOOS-ADL with the lowest BIC was the linear two-class model 
(see Appendix 2). The mean trajectories per class for the KOOS-ADL model are shown in figure 2b. 
The self-reported physical functioning classes were defined as 'gain group' (class 1, n=86) and 
'moderate gain group' (class 2, n=132), so all patients recovered (n=218, 100%).

Self-reported recovery trajectories for pain (VAS)
The most optimal model retrieved by LCMM was a quadratic three-class model for VAS with the 
lowest BIC amongst the other presented models (see Appendix 2). Figure 2c showed the mean 
trajectories per class for the VAS model. The three classes identified were as follows: 'Normal  
decrease of pain' (class 1, n=48), 'sustained pain' (class 2 n=19), and 'no/very little pain' (class 3,  
n=151). In total 199 patients (91%) were recovered on pain (class 1 and class 3) and 19 patients (9%)  
were not recovered (class 2) based upon the six weeks recovery trajectories.

ASSOCIATION BETWEEN THE IDENTIFIED RECOVERY TRAJECTORIES AND ONE-YEAR OUTCOMES

Performance-based physical functioning
The median TUG score for the total population six weeks after surgery is 11.83 [95% CI 10.41, 
12.98] seconds and after one year 8.01 [95% CI 7.15, 8.98] seconds. Table 2 shows the regression 
coefficients of the multivariable linear regression model for TUG. The' low gain group' (class 1) 
had a statistically significant lower score than the 'moderate gain group' group (class 3) after one
year. The 'gain group' (class 2) had a non-significant faster score of − 0.56 [95% CI -1.75, 0.64] 
seconds compared to the 'moderate gain group' (class 3) after one year.
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Table 2 Results of multivariable linear and logistic regression models
 

One year post surgery outcomes 

Multivariable linear regression models Multivariable logistic  
regression model

TUG KOOS-ADL (range 0-100) VAS-pain (binary)

Predictor Regression  
coëfficient  
[95% CI]

Predictor Regression  
coëfficient  
[95% CI]

Predictor Odds ratio  
[95% CI]

Class: 'slow recovery' 
versus 'normal 
recovery'

3.31  
[1.52, 5.09]

Class: 'fast recovery' 
versus 'normal 
recovery'

11.97 
[8.62, 15.33]

Class: 'normal 
decrease of pain' 
versus 'no/very low 
pain'

0.92 [0.17,4.84]

Class: 'fast recovery 
versus 'normal 
recovery'

-0.56  
[-1.75, 0.64]

Class: 'sustained 
pain' versus  'no/
very low pain'

0.11 [0.03,0.42]  

Age (year) 0.00  
[-0.03, 0.03]

Age (year) 0.18 
[-0.03, 0.39]

Age (year) 0.95  
[0.88,1.04]

Gender -0.09  
[-0.58, 0.41]

Gender 2.40 
[-1.17, 5.98]

Gender 0.45  
[0.13,1.51]

BMI -0.03  
[-0.10, 0.04]

BMI 0.13 
[-0.38, 0.64]

BMI 1.08  
[0.9,1.3]

Model R2 0.14 Model R2 0.20 Model R2 0.16 ⊗

BMI=Body Mass Index; CI=confidence interval; R2=explained variance; *p<0.05=statistically significant;  ⊗Nagelkerkes R2;  
KOOS-ADL=Knee Injury and Osteoarthritis Outcome Score-Activities of Daily Living, TUG=Timed Up and Go; VAS=Visual Analogue Scale

Self-reported physical functioning
In the total population KOOS-ADL score improved from 65 [95% CI 54, 75] after six weeks to  
75 points [95% CI 66, 88] after one year. Table 2 (page 62) shows the results of the multivariable  
linear regression model for KOOS-ADL. The 'gain group' (class 1) had a statistically significant  
better score than the 'moderate gain group' (class 2) after one year.

Pain
Table 2 shows the odds ratios of the multivariable logistic regression model for VAS. After one year  
205 patients were categorised as 'no/very low pain' (VAS 0–20) and 13 patients were categorised 
as 'pain' (VAS >20). From the 19 patients with 'sustained pain' after six weeks, five patients (26%) 
experienced sustained pain after one year. In both the 'normal decrease of pain' group and the 
'no/very little pain' group experienced 4% of the patients after one year sustained pain (respec-
tively 2 from the 48 patients and 6 from the 151 patients). The 'normal decrease of pain' group 
(class 1) had an 8% lower odds to become free of pain after one year than the 'no/very little pain' 
group (class 3), but this was not significant. However, the 'sustained pain' group (class 2) had a 
statistically significant (p < 0.001) 89% lower odds to become free of pain after one year than the 
'no/very little pain' group (class 3).
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Discussion

KEY FINDINGS
The purpose of this study was to identify recovery trajectories in patients who attended a high- 
intensity physiotherapy program after TKA surgery. For performance-based physical functioning 
three classes were identified: a 'gain group' (n=203), a 'moderate gain group' (n=8) and a 'low 
gain group' (n=7). Self-reported physical functioning showed two recovery trajectories, namely 
a 'gain group' (n=86) and a 'moderate gain group' (n=132). For pain, three classes were identi-
fied: 'no/very little pain' (n=151), 'normal decrease of pain' (n=48) and 'sustained pain' (n=19).  
Patients had further improvements for physical functioning and pain between six weeks and one 
year post-surgery.

STRENGTHS AND LIMITATIONS
The longitudinal design with a high follow-up rate is a strength of the study with five measure-
ments over one year. Data were sampled in real clinical practice and patients were tested by 
the physiotherapist during the high-intensity program and during the regular control visits and 
comprised of both self-reported and physical performance tests. This minimized the burden of 
the patients.
We expect that different types of physiotherapy treatment programs could have affected the 
recovery after TKA. However, this was stable in our study, since all included patients followed the 
same program. Our selection of participants resulted in a relatively homogeneous population. 
Similar analyses of recovery trajectories need to be done in more heterogenous population of 
post-TKA patients including patients with a less favourable prognosis.
The Latent Class Analysis, which is a relatively new method, helps to utilize all available infor-
mation in the repeated measurement using flexible random effects models that captures the 
change of the trajectory over time, while allowing the patients to have different distributions, 
and therefore to be classified to separate homogenous subgroups.(32) LCMM gives an accurate  
prediction about how an individual patient is likely to recover postoperatively (32) and it identi-
fies abnormal recovery more than simpler approaches. A potential limitation may be the lack of  
follow-up measurements between six weeks and one year due to practical reasons. The variation 
in patient profiles is small and room for improvement is limited.
All patients were allowed to recover further with additional physiotherapy sessions after the 
high-intensity physiotherapy program to optimize their rehabilitation. In another study, in a  
smaller population, we found that both patients with a favourable and less favourable recovery 
after the high-intensity physiotherapy program continued physiotherapy.(21)
There was no additive value of prolonged physiotherapy after the high-intensity physiotherapy 
program in both groups.(21) Therefore, we expect that continuation of physiotherapy after the 
high-intensity program had no major impact on the further recovery trajectories.

CLINICAL IMPLICATIONS
Identifying recovery trajectories using LCMM is a relatively new technique, which was as far as 
known only once researched in patients after TKA between 1 and 5 years after surgery by Dowsey  
et al.(14) The recovery trajectories for pain were not comparable to those found in the study by 
Dowsey et al. (2015).(14) In our study 8.7% (n=19) of the patients experienced 'sustained pain', 
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while in the study of Dowsey et al.(14) 21.5% were classified as ‘moderate pain’ (this study identi-
fied three classes: 'No pain' (33.1%), 'Mild pain' (45.4%) and 'Moderate pain' (21.5%)) during one 
till five years postoperative. As shown our population showed better results on pain. This diffe-
rence could be explained due to the combination of the high-intensity physiotherapy program 
in a selected group of patients which led to better results. For self-reported physical functioning 
similar differences were seen, namely 23.8% in the study by Dowsey et al.(14) were classified 
as 'high' self-reported physical function (this study identified three classes: 'high physical func-
tioning (23.8%), 'moderate physical function' (54.6%) and 'low physical functioning' (21.6%)) 
against 39.4% ('gain group') in our study.
Patients in this study showed progress on the measurements between six weeks and one year. 
The minimal clinical important difference for TUG was 2.27 seconds,(40) for KOOS 20 points (41) 
and for VAS 22.6 points,(42) therefore this recovery between six weeks and one year was only 
small and not clinically relevant anymore because of ceiling effects in the 'normal decrease of 
pain' and 'no/very little pain' groups for VAS and for all KOOS recovery trajectories ('gain' group  
and 'moderate gain' group). Patients in the 'sustained pain' group showed clinically relevant 
improvements between six weeks and one year. For the TUG classes there was also a clinically re-
levant improvement between six weeks and one year. Some studies showed most improvement 
in the first 3–4 months after surgery, followed by a ceiling effect after one year.(15,17,18) In our 
study the ceiling was nearly reached already at six weeks, while in patients with 'sustained pain' 
a clinically relevant improvement took place later than in the other groups between six weeks 
and one year (40-43) which implies that these patients needed more time to recover than the 
first six weeks. 
Patients with 'sustained pain' during the six weeks (n=19), had the possibility to get no pain after  
one year (n=15). At one year almost all patients had no pain, so the outcome was favourable  
for this group of patients. 
The differences of the TUG and KOOS-ADL trajectories between the 'gain' and 'moderate gain' 
group was considered clinically relevant, while for VAS trajectories differences between 'no/very 
low pain,' and 'sustained pain' were statistically significant but small.
Our population included patients with a favourable prognosis and our data showed favourable 
recovery trajectories for most patients. If all patients after TKA surgery will be included in further  
research, we expect to find more or less similar recovery trajectories as in our population.  
Literature shows satisfaction rates of 80% after TKA, so in that case more patients will be in the 
'sustained pain' and 'low gain' group.

FURTHER RESEARCH
Recovery trajectories for patients after TKA including a high-intensity physiotherapy program 
were determined in the first weeks after TKA procedure. Studies looking at recovery trajec tories 
in all patients after TKA, including those who followed other rehabilitation protocols and a less 
favourable prognosis are needed to generalize the results to all patients after TKA. Identifying  
patients at risk for less favourable outcomes (sustained pain or low physical function) is important  
to get realistic expectations of patients regarding the TKA surgery. This improves satisfaction 
after TKA.(44) Prognostic factors for outcome after TKA showed preoperative pain, preoperative 
physical function and anxiety as the best predictors for long-term outcome.(20) However as far 
as known this is not researched yet in studies looking at recovery trajectories,(20) so identifying 

Chapter 3



65

A cohort study

preoperative prognostic factors for recovery trajectories is another recommendation for further 
research.
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Appendix 1 The high-intensity physiotherapy program

Aims program • Improving physical functioning
• Improving physical activity level in daily life
• Improving self-management skills

Inclusion criteria For inclusion in the high-intensity physiotherapy program,  
the patient had to satisfy the following criteria: 
Patient 
1) was undergoing primary TKA procedure for osteoarthritis
2) was physically able to complete the intensive program
3)  had no comorbidity that hindered the patient in doing exercise 

two times a day 
4 was independent in activities of daily living before surgery
5  had no psychological distress related to a higher risk of worse outcome
6) had a BMI≤30, (risk factor for worse outcomes)
7) provided informed consent

Hospital stay • Three days
•  Physiotherapy was given two times a day with a mean duration  

of 18 minutes per session
•  Physiotherapy consisted of education, isometric quadriceps muscle 

exercises, Range of Motion exercises, transfers, walking with a walking  
aid and walking stairs

Program Location Resort hotel

Duration program 10 days

Frequency physiotherapy 2 times a day

Duration per  
physiotherapy session

1.5 hour

Intensity High

Content physiotherapy • Learning dynamic and symmetric walking pattern
• Range of Motion exercises
• (outside) walking on different surfaces
• Cycling on a home trainer 
• Transfer training
• Muscle strength exercises
• Walking stairs 
• Aqua therapy 
• Fall prevention
• Education

Discharge home After the program patients were advised to exercise by themselves 
or continue physiotherapy in the home environment if necessary till  
goals were achieved in activities of daily living, sport and work activities.
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Appendix 2    The BIC values for 2-5 class linear and quadratic models of trajectories  
of TUG, KOOS-ADL and VAS-pain for 0-6 weeks

Number 
of classes

TUG
(linear model)

TUG
(quadratic 
model)

KOOS-ADL
(linear model)

KOOS-ADL
(quadratic 
model)

VAS-pain
(linear model)

VAS-pain
(quadratic 
model)

2 2990.96 2988.98 4633.58 4637.66 5457.56 5453.77

3 3004.66 2959.98 4639.53 4643.57 5435.79 5432.35

4 2972.86 2969.78 4648.19 4642.88 5444.58 5440.46

5 2989.02 2985.63 465408 4652.41 5453.33 5449.60

KOOS-ADL=Knee Injury and Osteoarthritis Outcome Score-Activities of Daily Living; TUG=Timed Up and Go; VAS=Visual Analogue Scale
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Abstract 

Background: Patients after Total Knee Arthroplasty treated with a 10-day high-intensity 
physio therapy program in a resort were expected to recover fast without need for a longer 
physio therapy treatment period.

Objective: To explore the expectations and experiences of patients with TKA following the  
high-intensity physiotherapy program, including the perceived recovery level at discharge,  
and reasons for (not) adhering to the given advice at discharge (being either continuing with  
or refraining from further physiotherapy treatment).

Design: A mixed-methods approach: Semi-structured interviews were held and were then 
used to develop items and answer categories for a survey.

Methods: Fifteen patients participated in semi-structured interviews, which focused on ex-
pec  tations and experiences related to the TKA and physiotherapy program, the perceived  
recovery level at the moment of discharge, and the reasons for the advice at discharge  
(continuing with or refraining from physiotherapy treatment) being followed. A deductive  
thematic analysis of those interviews was used to develop a survey, which was sent to the  
total cohort of 60 patients. Logistic regression models were estimated to determine which  
factors were associated with the continuation of physiotherapy treatment and (not) following 
the advice.

Results: Four themes were identified: (1) confidence of independent recovery; (2) experiencing  
residual complaints; (3) expecting further improvement of physical fitness; and (4) preferring  
to be supervised by a healthcare professional. These themes were covered by 14 items in the  
survey. In total, 55 out of 60 patients completed the survey. Out of 36 patients, 23 continued  
with physiotherapy treatment despite an adequate level of recovery. Five out of 19 patients,  
who were advised to continue with physiotherapy treatment, decided to refrain. Advice to 
continue with physiotherapy treatment was followed more often than advice to refrain from 
physiotherapy treatment (OR 0.09; 95% CI 0.01–0.85). Reasons for continuing with physio-
therapy treatment were residual complaints, the expectation that their physical fitness 
could be improved and preferring to be supervised by a healthcare professional. In contrast,  
patients who refrained from physiotherapy, despite being advised to continue, were self- 
confident that they could do exercises by themselves.

Conclusions: A substantial proportion of patients continued with physiotherapy treatment  
because they expected that a higher level of recovery could be reached. The level of self- 
confidence to recover on their own seemed to be an important factor in deciding to continue 
with or refrain from physiotherapy treatment. It would be helpful to focus on self-manage-
ment skills during the high-intensity physiotherapy program following TKA.
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Introduction

Total Knee Arthroplasty (TKA) is a cost-effective intervention for people with knee osteo- 
arthritis.(1-3) Physiotherapy treatment after hospital stay for TKA is considered the gold standard  
for achieving functional independence, return to work, and recreational activities.(4-6) Out patient  
physiotherapy treatment improves physical function in the first 3–4 months after surgery,(7,8)  
while the impact of physiotherapy is dependent on the intensity and timing after surgery.(9) 
Some authors found positive results of starting high-intensity physiotherapy as early as possible 
to reduce the loss of muscle strength and physical functioning following TKA.(9-13) 
Therefore, in our hospital, a 10-day high-intensity physiotherapy program (Energ-IQ) after a  
primary TKA procedure is developed. The program is conducted in a resort, due to the lower costs 
compared to a hospital-based program. The program is available for all patients, independent of 
their social and economic status. The aim of the program is to reach an adequate level of physical 
functioning at discharge. The high-intensity physiotherapy program was offered to all patients 
with a favourable prognosis as defined in the inclusion criteria. Appendix 1 contains the inclusion 
criteria, the aims of the high-intensity physiotherapy program, and the discharge criteria.
Expectation was that this high-intensity physiotherapy program could be cost-effective because 
most patients would be able to take up their activities of daily living directly after the program. 
Moreover, we assumed their functional level would be sufficient enough to exercise on their own 
and to start physical activities without further need for physiotherapy. This study was started to 
examine the patients’ experiences and outcomes of the intensive training program and to reflect 
on our own expectations with regard to the recovery level and continuation of physiotherapy 
treatment after the program. 
In the Netherlands, health insurance is mandatory for the entire population; after TKA surgery,  
patients need to pay for the first 20 sessions themselves which were already included in the 
high-intensity program, and they receive full reimbursement for any subsequent physiotherapy 
sessions in the first year after TKA surgery.
This reimbursement of physiotherapy could be a reason for its prolonged use. Other reasons for 
a prolonged physiotherapy treatment are the subjective experience of health complaints,(14-17) 
or a discrepancy between expectations and actual experiences related to TKA.(18) Therefore, we 
expected that dissatisfaction after surgery and the high-intensity physiotherapy program, and/
or perceiving an inadequate level of recovery (i.e. a discrepancy between the judgment of the 
physiotherapist and the patient about the adequacy of the functional level at discharge), could 
also be reasons for continuing with physiotherapy treatment.(19-21) 
Insight in the experiences of patients and factors underlying patients’ decisions to continue with 
or to refrain from physiotherapy treatment at the end of the program, may help to customize 
and adjust physiotherapy treatment to the needs and expectations of patients. This study aims 
to explore the expectations and experiences of patients with TKA following the high-intensity 
physiotherapy program, including the perceived recovery level at discharge, and reasons for or 
not adhering to the given advice at discharge being either to continue with or to refrain from 
further physiotherapy treatment.
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Methods

STUDY DESIGN
A mixed-methods study, with a two-stage sequential design was applied in a cohort of patients 
undergoing TKA surgery followed by a 10-day high-intensity physiotherapy program. First, using 
semi-structured interviews, insight was gained into factors influencing the decisions of patients 
for continuing with physiotherapy treatment (qualitative part of the study). Secondly, these  
findings from the interviews were used to develop a survey, which was used subsequently to 
sample quantitative data in a total cohort (quantitative part of the study). The flowchart of the 
study is shown in Figure 1.
First, the article reports on the participants, data sampling, and data analysis of the semi-struc-
tured interviews. The Standards for Reporting Qualitative Research (SRQR) were used to describe 
the qualitative analysis.(22) 
Next, the quantitative study on the survey data is reported in correspondence with the  
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist.(23) 
The Medical Ethics Committee of the Medisch Spectrum Twente stated that both the qualitative 
and the quantitative parts of the study were not subject to the Dutch law on 'medical research 
involving human subjects' (WMO). The study protocol fulfilled the criteria of the Declaration of 
Helsinki Ethical Principles for Medical Research Involving Human Subjects.

TKA surgery
Hospital stay for three days, start physiotherapy in the hospital twice a day

High-intensity physiotherapy program
10 days

Abbreviation list: n=number of patients; TKA=Total Knee Arthroplasty

Emerging themes,  
validating results with surveys

Evaluation based on the discharge criteria
Advice for continuing with or refraining from physiotherapy sessions

Recovery at home:
 • prolonged physiotherapy treatment
 • recover bij themselves

Semi-structured interviews (n=15)

Surveys (n=60, response n=55)

Figure 1 Study flow chart
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PART ONE: QUALITATIVE STUDY

Patient selection and data collection
Between January 2014 and January 2015, 15 patients who received a TKA in the MST hospital  
and followed a high-intensity physiotherapy program were invited to participate in a semi- 
structured interview one year after surgery. The time point of one year was chosen as this is  
considered the end stage in recovery after TKA (3,24,25) and physiotherapy sessions are not  
reimbursed by the health insurers in the Netherlands after this first year. All patients were  
included in a prospective cohort study and were invited for the semi-structured interview.  
All patients gave permission for data sampling. The patients were divided into three subgroups: 
Patients refraining from physiotherapy treatment, low-intensity continuation of physiothera-
py treatment (< 12 sessions), or high-intensity continuation of physiotherapy treatment (≥ 12  
sessions). This subdivision was made to collect as much information as possible about potential  
differences in experiences and decisions regarding continuing with or refraining from physio-
therapy treatment.
Based on the amount of physiotherapy sessions after one year of surgery, every third patient 
from the no, low or high-intensity physiotherapy group was invited for an interview. For each 
patient, the following information was obtained: Baseline characteristics such as gender and 
age; the level of recovery reported by the patient (i.e., satisfied or dissatisfied); the number of  
physiotherapy sessions attended following the program; and the advice for continuing with 
or refraining from physiotherapy treatment at the end of the program based on the discharge  
criteria.

Interviews
The interviews were conducted by the first author of this article (KH), who is trained in interviewing 
and well introduced in the high-intensity physiotherapy program. Patients were approached by 
phone and, if they showed interest, an information letter was sent. After one week, the patients 
were called again and, if they agreed to participate, an appointment was made for the interview  
to be conducted at home. Before the start of the interview, the patients signed an informed  
consent form for the use of audio recording and anonymous data reporting. An interview gui-
de with a topic list was used during the semi-structured interview (Appendix 2). The interview 
guide contained four guiding questions to identify possible underlying reasons for continuing 
with or refraining from physiotherapy treatment: (1) were there discrepancies between expecta-
tions and actual experiences related to the TKA and the high-intensity physiotherapy program;  
(2) was there dissatisfaction about the TKA; (3) what was the experienced level of recovery after  
the program; and (4) which considerations led to continuing with or refraining from physio-
therapy treatment after the program?

Data analysis
All interviews were audiotaped. The audio records were transcribed verbatim and checked  
for accuracy by KH. A thematic analysis was conducted of the semi-structured interviews.(26,27) 
We used a deductive approach to detect in what way expectations and experiences were related 
to the decisions made for continuing with physiotherapy treatment; the themes were identi-
fied in a systematic approach to enable the outcomes to be used to develop a questionnaire.  
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Two researchers (KH and WH) read and re-read each script, and initially coded the data based on 
interesting features.
All data sets were coded manually by annotating the text. After each interview, KH and WH  
compared the codes and disagreements were resolved by discussion. In the next step, the quotes 
were organized based on the four questions from the interview guide and any new themes that 
came up were explored. The themes were discussed in the research group. Then, categories 
within the themes were explored.(26,27) The categories were discussed by two authors (KH and 
WH), and the transcripts were checked a second time to ensure that no data were missed or 
new categories needed to be added. These outcomes were discussed again and it was checked  
whether the themes could be used as the main items in the survey,(27) while the categories 
were clustered within the themes. The themes and categories were illustrated with quotes that  
represent the participants’ experiences.(27) The supporting quotes related to each category were 
discussed by the research group. New patients were included until the data set was complete, 
as indicated by data saturation.(28) Therefore, patient inclusion was stopped if no new data was 
mentioned in all categories for patients with no, < 12 (low-intensity) and ≥ 12 (high-intensity) 
physiotherapy sessions.(28-30)

Results of the semi-structured interviews

PARTICIPANTS
Patient characteristics, patient-reported level of recovery, advice for continuing with or refraining  
from physiotherapy treatment, and the number of physiotherapy sessions after the program 
are described in Table 1 for each participant. After 15 interviews, no new themes came up and  
saturation was reached.(28) Four out of 15 patients refrained from physiotherapy treatment after 
ending the program, whereas 11 patients continued with physiotherapy treatment, varying from 
4 to 89 sessions (only four patients were advised to continue with physiotherapy). The duration 
of the interviews varied from 24 to 32 minutes.

Table 1 Characteristics of patients included in the semi-structured interviews

      
Patient-reported level of recovery

+ If satisfied with level of recovery
- If dissatisfied with level of recovery

Advice regarding the conti nuation of  
physiotherapy treatment

+ advised to continue with physiotherapy treatment
- advised to refrain from physiotherapy treatment

Number of physio- 
therapy sessions  

after the program

Age Gender After the high-intensity  
physiotherapy program

After the  
high-intensity physiotherapy program During the year

P1 75 F + - 0
P2 73 M + - 0
P3 56 M + - 0
P4 67 F + - 0
P5 69 F + - 4
P6 64 F + - 4
P7 67 F + - 9
P8 68 M - - 11
P9 73 F + + 89
P10 68 F - + 40
P11 60 M + - 24
P12 66 F + - 24
P13 66 M - + 49
P14 52 M - + 33
P15 57 F + - 82
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ANALYSIS
The themes, categories, and quotes (Q) are discussed below and shown in Table 2. KH and WH 
disagreed on four items, namely in patients 7 and 11 about the category 'expectation of the 
high-intensity physiotherapy program', and in patients 9 and 15 about the category 'complaints'. 
All of these disagreements were resolved after discussion between KH and WH.

Expectations and actual experiences of a TKA
Most patients expected less pain or even the absence of pain following TKA (Q1). As the most  
important outcome, patients expected an improvement in activities of daily living, such as  
walking (Q2) and cycling (Q2). The actual experiences of the TKA varied between patients.  
Some patients mentioned that the recovery after the TKA procedure went better than expected 
at the end of the high-intensity physiotherapy program (Q3). However, the opposite was also 
mentioned: Worse recovery than expected due to hematoma, pain, and/or swelling (Q4). Also, 
after a period of successful recovery, some complaints recurred, such as pain and swelling (Q5).

Table 2 Themes, categories, and quotes from the semi-structured interviews (n=15)

Theme Category Quote

Expectations  
of TKA

Absence of pain
 

Q1 “I hoped that the pain would disappear. I had pain during the whole day  
before surgery” (patient 4).

Improvement in  
activities of daily 
living

Q2 “I hoped that I could walk and cycle pain-free. That was not possible before 
surgery” (patient 4).

Actual  
experiences  
of TKA

Better than expected Q3 “It went 100% better than expected” (patient 1).

Worse than expected Q4 “It was a little disappointing. I had a leaking wound and immediately after 
surgery I had a lot of pain. I did not expect that. Therefore, I was not able to do  
all exercises and I have not made as much progress as I hoped. After a few days,  
it went much better” (patient 11).

New complaints after 
a period of time

Q5 “I experienced new complaints in walking stairs and cycling after six months.  
I hoped that I was done with it for 15 years after the TKA surgery” (patient 9).

Expectations of 
high-intensity 
physiotherapy 
program

Quicker recovery Q6 “I hoped that I was more quickly recovered than with the TKA on the other side. 
During the recovery of my other knee after TKA surgery, the physiotherapist came 
two times a week for 20 minutes; it went terribly slow” (patient 7).

Independent in  
activities of daily  
living after the 
high-intensity  
physiotherapy 
program

Q7 “I expected that I would be independent in activities of daily living after the 
program. I hoped that I would need no help when I was at home after 10 days” 
(patient 8).

Intensive  
physiotherapy 
support

Q8 “I expected more intensive physiotherapy and support” (patient 7).

Actual 
experiences of 
high-intensity 
physiotherapy 
program

Positive about 
recovery

Q9 “My Range of Motion improved very quickly during the Energ-IQ program.  
I had not expected that in the first days after surgery” (patient 15).

Support helpful  
and pleasant

Q10 “The support was very helpful and pleasant” (patient 12).
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More self-confidence Q11 “I had more self-confidence after the high-intensity physiotherapy  
program. That was pleasant” (patient 5).

Independent  
in activities of  
daily living

Q12 “After the high-intensity physiotherapy program I was able to do  
everything by myself at home. I needed no further help at home.  
I did not expect that” (patient 15).

Muscle pain Q13 “I had muscle pain” (patient 13).

Incongruence  
between 
self-perceived 
recovery and 
the judgement 
of the physio-
therapist

No categories 
identified

Q14 “My recovery went well and the physiotherapist from the high-intensity 
physiotherapy program said that I needed no continuation of physiotherapy 
treatment. I found that okay, because my recovery went well” (patient 1).
Q15 “After the high-intensity physiotherapy program it did not go very well; 
I had a limitation in extension Range of Motion, but my physiotherapist said  
that it went beyond expectation” (patient 8).
Q16 “I had a wound leakage, but the recovery felt good after the Energ-IQ  
program” (patient 9). 

Reasons for 
continuing with 
or refraining 
from physiothe-
rapy treatment

Confidence to  
be able to recover 
independently

Q17 “I received exercises for home and I did them by myself” (patient 4).
Q18 “I had a home trainer to do exercises at home” (patient 1).
Q19 “I had no pain and was able to do my activities of daily living” (patient 2).

Complaints Q20 “I had pain and hoped that the physiotherapist could reduce the pain” 
(patient 6).
Q21 “I experienced new complaints in walking stairs and cycling after six months” 
(patient 9).
Q22 “I went to the physiotherapy for my other knee. This one is very painful” 
(patient 15).

Improving physical 
fitness

Q23 “I had a Range of Motion limitation. Therefore, I used additional physio-
therapy sessions” (patient 13).
Q24 “My muscle strength was not enough” (patient 11).
Q25 “I need additional physiotherapy to achieve goals” (patient 15).
Q26 “I went to the physiotherapist to become fitter and more in shape”  
(patient 12).

Feeling the need for 
supervision from a 
healthcare profes-
sional

Q27 “My healthcare insurance reimburses additional physiotherapy sessions; 
therefore, I used them to do exercises” (patient 15).
Q28 “My physiotherapist checked if I did my exercises adequately. Because my 
healthcare insurance reimbursed physiotherapy, it was very good” (patient 14).
Q29 “I found it safer to do exercises under the supervision of the physiotherapist” 
(patient 12).
Q30 “The physiotherapist motivated me to do exercises. I did not know if I would 
have done them by myself” (patient 9).

Contribution to 
recovery

No categories 
identified

Q31 “If I did not use additional physiotherapy sessions, I would not be as far 
along” (patient 12).
Q32 “The physiotherapist massaged that painful spot, but after four times 
the pain was exactly the same. Therefore, I decided to finish the physiotherapy 
sessions. After a period of time, that painful spot disappeared by itself” (patient 5).

Expectations and actual experiences of the high-intensity physiotherapy program
Expectations of the high-intensity physiotherapy program were faster recovery than with an 
usual recovery program (Q6), being able to live independently at home (Q7), and a more inten-
sive physiotherapy program than usual (Q8). Most patients had positive experiences with the 
high-intensity physiotherapy program (Q9). Some patients stated that the support was helpful 
and pleasant (Q10), they had more self-confidence (Q11), and they were independent in activities 
of daily living (Q12). Muscle pain was also reported (Q13).

Table 2 Themes, categories, and quotes from the semi-structured interviews (n=15) (continued)
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Incongruence between self-reported recovery and the judgment of the physiotherapist
Most patients reported congruence between the self-reported level of recovery and the judgment 
of the physiotherapist (Q14), but there was also incongruence reported between patients and 
their physiotherapists about the level of recovery: The physiotherapist reported an adequate  
level of recovery and the patient did not (Q15), or the patient reported an adequate level of reco-
very and the physiotherapist did not (Q16).

Reasons for continuing with or refraining from physiotherapy treatment
Multiple reasons to continue with or refrain from physiotherapy treatment were mentioned.  
Reasons for refraining from prolonged physiotherapy treatment are: Confidence in their own  
recovery, exercising themselves (Q17), having a home trainer for exercise (Q18), or experiencing 
no complaints (Q19). Patients continuing with physiotherapy treatment mentioned three reasons: 
(1) complaints (i.e., these patients experienced pain [Q20], new complaints after a pain-free  
period [Q21], or other complaints [Q22]); (2) improving physical fitness (i.e., improving Range of 
Motion (RoM) [Q23], improving muscle strength [Q24], achieving goals [Q25], or to become fitter 
[Q26]); and/or (3) feeling a need to be supervised by a healthcare professional (i.e., healthcare 
insurance reimbursement [Q27], exercise adherence [Q28], safer [Q29], or stimulant [Q30]).

Contribution of prolonged physiotherapy to the level of recovery
Most patients mentioned that prolonged physiotherapy treatment contributed to their recovery 
(Q31). Contrary to this, some patients stated that prolonged physiotherapy treatment did not 
influence their recovery (Q32).

The semi-structured interviews showed multiple reasons to continue with physiotherapy treat-
ment, mainly related to expectations and actual experiences of TKA and the high-intensity 
physiotherapy program, as well as the level of recovery and complaints experienced.

PART 2: THE QUANTITATIVE STUDY
The results of the qualitative study were used to formulate items and answer categories of the 
survey. The survey consisted of 14 items and can be found in Appendix 3. The themes which 
emerged from the qualitative part of the study were shown per item in the survey guide. For all 
items, an open-ended response option was added so that the patients could add reasons not 
mentioned and an open field was added to explain their answers.

Patient selection
In November 2016, the survey was sent to all patients (n=60) that were included in the program 
between January 2015 and January 2016. A secretary numbered the envelopes with a code and 
checked responses. After four weeks, a reminder was sent by mail to those patients who had not 
completed the survey. The survey data were imported into a database by the secretary using the 
anonymous number, thus ensuring the blinding of the researcher.

 

4



Chapter 4

80

Patient characteristics
From each patient, the following information was collected: Patient characteristics (gender and  
age); the advice received at the end of the program to continue with or refrain from physiotherapy 
treatment based on the discharge criteria; the level of recovery reported by the patient, measu-
red using the Global Perceived Effect (GPE) scale;(31) and the number of physiotherapy sessions 
after completion of the high-intensity physiotherapy program. These variables were reported  
using descriptive statistics. The GPE consisted of a 7-point scale varying from 'very much  
better' to 'very much worse.'(31) Answers from the GPE were dichotomized. 'Very much better'  
and 'much better' were classified as an 'adequate level of recovery.' 'Somewhat better', 'unchan-
ged', somewhat worse', 'much worse', and 'very much worse' were classified as an 'inadequate  
level of recovery'.(32,33) Intra-class correlation coefficient values of 0.90–0.99 indicate excellent  
reproducibility of the GPE scales in patients with musculoskeletal disorders.(31) 

Data analysis
The results of the survey were described using descriptive statistics. The open-ended response 
option was analyzed using a thematic analysis, as explained in the methods section of the first 
part of this study (qualitative part). To determine which factors are associated with the conti-
nuation of physiotherapy treatment and following advice, two analyses were conducted using 
logistic regression. Based on the number of patients and the rule that logistic regression models 
should include a minimum of 10 outcome events per factor,(34) five factors were used based 
on the qualitative analysis: Given advice to continue with physiotherapy treatment (continue/
refrain), age, gender, patient-reported level of recovery based on the GPE scale (31) (adequate/
inadequate), and whether expectations were met about recovery after the TKA (yes/no). Outcome 
variables were: Adherence to discharge advice (does the patient adhere to the advice given at 
discharge with regard to continuing with or refraining from further physiotherapy treatment) 
and the actual use of physiotherapy after the program. First, bivariate logistic regression analyses 
were performed to study the association between individual factors and the outcome variables. 
Second, the variance inflation factors (VIF) and the tolerance were calculated to check for colli-
nearity between the different factors. If the VIF were higher than 10 and tolerance was lower than 
0.1, we assumed that collinearity was present. Third, correlation coefficients between factors and 
the outcome were calculated. In case collinearity was present, the predictor with the highest 
correlation with the outcome was used for multivariable regression analyses. Fourth, the asso-
ciations between the different factor variables and outcomes were studied using multivariable 
logistic regression analyses. P-values ≤ 0.05 were accepted as statistically significant. All analyses 
were performed using SPSS software version 22.

Results of the survey

PARTICIPANTS
In total, 60 patients were invited to complete the survey one year after surgery. After four weeks, 
47 patients responded, with 55 patients having competed the survey after a reminder in an eight-
week period. The response rate was 92%. The mean age of the respondents was 68.3 (7.8) years, 
and 36 (65%) patients were female. None of the patients used the open-ended response option. 
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Therefore, this analysis was solely quantitative. Of the total group, 36 (65%) patients continued 
with physiotherapy treatment (only 13 (24%) were advised to continue with physiotherapy treat-
ment); 19 (35%) patients did refrain from physiotherapy treatment (five (9%) received advice to 
continue with physiotherapy treatment). In total, 18 (33%) patients received advice to continue 
with physiotherapy because they did not fulfil the discharge criteria for one or more reasons: 
Range of Motion (ROM) (n=13 (24%)) and a non-dynamic walking pattern (n=10 (18%)) were the 
most important reasons. Patients continuing with physiotherapy treatment without advice used a  
median of ten sessions (range 2–30). Patients continuing with physiotherapy treatment as  
advised used a median of eight sessions (range 2–56). The characteristics of the patients who 
completed the survey are shown in Table 3, and the reasons for continuing with physiotherapy 
treatment are shown in Table 4 (page 81).

Table 3 Patient characteristics, functional status, and continuation of physiotherapy treatment

Refraining from physiotherapy treatment
n=19 

Continuing with physiotherapy treatment
n=36 

Advice to refrain from 
physiotherapy

n=14

Advice to continue with 
physiotherapy

n=5

Advice to refrain from 
physiotherapy

n=23

Advice to continue with 
physiotherapy

n=13

Advice for 
continuation of 
physiotherapy 
treatment

No Yes No Yes

Female (n) 11 2 14 9

Age mean (sd) 67.0 (8.5) 68.2 (8.4) 68.4 (6.4) 69.5 (9.6)

Number of 
physio therapy 
sessions after 
the program 
median [range]

0 [0] 0 [0] 10 [2–30] 8 [2–56]

Patient- 
reported level 
of recovery 
adequate (n)

14 1 22 6

Meeting expec-
tations about 
recovery no (n)

0 3 9 11

n=number of patients; sd=standard deviation
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Expectations of the TKA and the high-intensity physiotherapy program
Of the 55 patients, 41 (75%) expected less pain or the absence of pain from a TKA, and 36 (65%)  
expected improvement in activities of daily living. Expectations about the high-intensity physio-
therapy program were faster recovery (44 patients (80%)), an intensive program (33 patients (60%)), 
and intensive physiotherapy support (32 patients (58%)); 20 patients (36%) expected that they 
would be independent in activities of daily living after the high-intensity physiotherapy program,  
and 15 patients (27%) expected a quicker return to work. Only one patient (2%) did not have any 
expectations beforehand.

Reasons for continuing with or refraining from physiotherapy treatment
Forty-three out of 55 patients (78%) reported the level of recovery as adequately. In 36 of the 43  
patients (84%), the physiotherapist reported the level of recovery as adequate (= advice to refrain  
from physiotherapy treatment) and in seven patients (16%) the physiotherapist reported the  
level of recovery as inadequate (= advice to continue with physiotherapy treatment). Twelve  
patients (22%) reported an inadequate level of recovery. In eleven out of twelve patients (92%), 
the physiotherapist reported the level of recovery as inadequate (= advice to continue with 
physiotherapy treatment).
In total, 23 out of 36 patients (64%) decided to continue with physiotherapy against the advice 
to recover on their own. Reported reasons for this were improving physical fitness (improving 
ROM, n=11 (48%); improving muscle strength, n=11 (48%); and getting in shape, n=10 (43%)), 
feeling the need for supervision by a healthcare professional (I cannot achieve goals by myself, 
n=16 (70%); I need an extra stimulus, n=12 (52%); My healthcare insurance reimburses physio-
therapy, n=3 (13%); I cannot do exercises by myself, n=2 (9%); I feel safer, n=2 (9%)) and remaining 
complaints (still having complaints or pain, n=6 (26%)).
The patients, who were advised to continue with physiotherapy sessions, mentioned improving 
physical fitness as the most important reason (improving ROM, n=11 (85%); improving muscle 
strength, n=10 (77%); and getting in shape, n=4 (31%)). Feeling the need for supervision (achieving  
goals, n=6 (46%); stimulus, n=4 (31%); safer, n=1 (8%)) was less often mentioned in these patients.
Patients who were advised to continue with physiotherapy treatment but did not follow this  
recommendation (n=5) mentioned confidence in recovering independently as the main reason 

Table 4   Reported reasons for continuing with physiotherapy sessions, content of physiotherapy  
and contribution to recovery (n=36)

Reasons for continuing with 
physiotherapy treatment

Advised to refrain from 
physiotherapy treatment (n=23)

Advised to continue with  
physiotherapy treatment (n=13)

Complaints 10 8

Improving physical condition 20 13

Feeling the need to be supervised  
by a healthcare professional 19 6

Treatment modalities

Active / passive 22 / 5 12 / 7

Contribution to recovery as 
experienced by the patient (yes) 19 3
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(I know my exercises, n=5 (100%); I have a home trainer for exercises, n=2 (40%); and I have no 
complaints, n=1 (20%)).

Contribution to recovery
Patients who chose to continue with physiotherapy treatment without advice more often expe-
rienced a positive contribution to their recovery (19 out of 23 (83%)) than patients who were 
advised to continue with physiotherapy sessions (3 out of 13 (23%)).

Factors associated with continuation of physiotherapy treatment and (not) following 
the physiotherapist’s advice
Multicollinearity was not present for the factors, so all factors were included in the multivariable  
analyses. Table 5 shows the results of the bivariate and multivariable logistic regression analyses  
for the association with continuation of physiotherapy treatment and following the physio-
therapist’s advice. The logistic regression analysis showed that none of the five factors was  
associated with continuation of physiotherapy treatment. Adherence to the physiotherapist’s  
advice was associated with the type of advice given regarding continuation of physiotherapy 
sessions (OR 0.09 [0.01–0.85], p=0.04). In other words: Advice to continue with physiotherapy  
sessions was followed more often than advice to recover on their own.

Table 5     Factors associated with continuation of physiotherapy treatment and following  
the advice for physiotherapy treatment after the program

Continuation of physiotherapy sessions Following advice for continuing  
with physiotherapy treatment

Bivariate logistic  
regression

Multivariable logistic 
regression

Bivariate logistic 
regression

Multivariable logistic 
regression

OR 
[95% CI] p-value OR 

[95% CI] p-value OR  
[95% CI] p-value OR  

[95% CI] p-value

Age (year) 0.98 
[0.91–1.05] 0.51 0.97 

[0.89–1.04] 0.37 1.00 
[0.94–1.07] 0.96 1.01 

[0.94–1.10] 0.75

Gender 1.23 
[0.38–4.00] 0.74 1.16 

[0.34–3.96] 0.81 0.47 
[0.15–1.46] 0.19 0.37 

[0.10–1.32] 0.13

Advice for continuation of 
physiotherapy treatment

0.63 
[0.19–2.16] 0.46 0.71 

[0.11–4.78] 0.72 0.23 
[0.07–0.80] 0.02 0.09 

[0.01–0.85] 0.04

Patient reported level of 
recovery 

0.93 
[0.24–3.62] 0.92 5.27 

[0.36–77.68] 0.23 0.62 
[0.17–2.27] 0.47 5.14 

[0.36–74.31] 0.23

Meeting expectations 
about recovery of TKA 

0.43 
[0.10–1.77] 0.24 0.15 

[0.01–2.00] 0.15 0.44 
[0.12–1.53] 0.19 0.65 

[0.07–5.88] 0.70

CI=confidence interval; OR=odds ratio; TKA=Total Knee Arthroplasty
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Discussion

KEY FINDINGS
This is the first study exploring reasons for continuing with or refraining from physiotherapy  
treatment after a high-intensity program for TKA surgery. Four themes were identified from the  
semi-structured interviews: (1) confidence to be able to recover independently; (2) still experien - 
cing complaints; (3) further improvement of physical fitness expected; and (4) preferring to be 
supervised by a healthcare professional. The survey study showed that a relatively high percen-
tage of patients preferred to continue with physiotherapy treatment, even though the recovery 
level was perceived as adequate by both the physiotherapist and the patient at the end of the 
program. However, patients expected that they could reach a higher physical fitness level by 
continuing with the treatment and felt that they needed a supervision by a healthcare profes-
sional. Advice to continue with physiotherapy sessions was followed more often than advice to 
recover on their own. The level of self-confidence required to recover on their own seemed to be 
an important factor in deciding to continue with or refrain from further physiotherapy treatment.

STRENGTHS AND LIMITATIONS
We combined interviews and a survey to explore in depth the determining factors for patients’ 
decisions to continue with or refrain from physiotherapy treatment after a high-intensity physio-
therapy program. A strength of this study is the high response rate in the total cohort (92%).  
Although the patients included in the semi-structured interviews are not representative for 
the entire population, we are reasonably sure about the reported reasons influencing patient  
choices, since no additional reasons were reported in the survey. A possible limitation of this  
study is that the patients included in the semi-structured interviews were known to the interviewer  
which may have influenced their responses. To avoid interviewer bias, patients were told that 
nothing was right or wrong, and that this study was only done to receive as much information 
as possible. No new themes emerged from the anonymous survey; hence we believe that inter-
viewer bias is either absent or small. Another limitation is that the survey was not examined for 
validity or reliability. This study was done in a specific setting in the Netherlands using a high- 
intensity physiotherapy program. The relatively small cohort of patients (n=55) connected to one 
hospital may limit the generalizability of our results to all patients after TKA surgery. The results 
give insight into the expectations and perceptions of patients, which can be used to optimize 
early recovery and self-management. The results highlight that the adequate recovery point for 
finishing physiotherapy treatment is not only determined by physical status but also by the level 
of self-confidence patients experienced in continuing exercises on their own.
In any qualitative study, interpretation bias is a limitation. To deal with this, the themes were iden-
tified by two researchers (KH and WH) and discussed with the other authors. Patients were asked 
to complete the survey one year after surgery, which might have caused recall bias regarding  
expectations and actual experiences of the TKA, the high-intensity physiotherapy program, and 
the physiotherapy sessions after the program.

COMPARISON WITH OTHER STUDIES
Despite an adequate level of recovery (37 out of 55 patients (67%)), patients chose to continue 
with physiotherapy treatment, which threatens the cost-effectiveness of the program.(35,36)  
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A literature search on over-utilization of physiotherapy services showed no studies related to 
patients after TKA surgery, which is remarkable, given the number of patients who choose to 
continue with physiotherapy sessions without advice. A study on the reasons for physiotherapy 
use in patients with low back pain showed that patient characteristics such as age and gender are 
important factors.(37) These findings are not in line with the results of our study. Other studies 
about the reasons for medical consumption have shown that higher consumption is determined 
primarily by the subjective experience of health complaints.(14-17) This partly corresponds with 
our results, because only a small number of patients mentioned that some complaints still existed;  
however, more patients in our study reported that they expected to be able to reach a higher 
level of physical fitness when continuing with physiotherapy treatment or that they required  
supervision by a healthcare professional.

CLINICAL IMPLICATIONS
The results of this study showed that patients prefer continuing with physiotherapy treatment, 
while the aim of the high-intensity physiotherapy program was to improve physical function and 
to recover without further physiotherapy sessions. The expectation was that patients would be 
able to stay active on their own after the high-intensity program. However, this expectation was 
not discussed or shared with the patients during the program which could have had an influence 
on the outcomes. At the end of the program, patients received advice based on physical tests. 
This advice, however, differed from the patient’s own perspective on the matter; they expected 
that they could reach a higher level and some felt that they needed longer supervision to do 
their exercises. To improve the cost-effectiveness of the high-intensity physiotherapy program, 
it is necessary to provide physiotherapists with practical tools that will help them to discuss self- 
management possibilities with their patients in a more adequate way.(38,39) Additionally, 
discharge criteria should not only focus on physical factors, but also on self-management capacity  
regarding staying active and continuing exercises on their own.
Despite the fact that most patients (43 out of 55 [78%]) perceived an adequate level of recovery 
after the program, patients said that they needed supervision from a healthcare professional. 
Currently, improving self-management capacity and self-confidence is not a part of the program. 
Patients need to be informed about the natural course of recovery and be self-confident enough 
to manage their own process.
Discussing the program’s goals and targets as well as the patient’s own expectations of the program  
could possibly lead to better self-management and thus indirectly to better (long-term) outcomes. 
(40,41) This could also be an opportunity to optimize the cost effectiveness of the program.  
A total of 23 patients perceived that the intervention did not bring them what they expected.  
Of these, 20 patients continued with physiotherapy treatment. It is known from the literature that 
not meeting expectations leads to dissatisfaction.(18) Tilbury et al. (2016) advised paying more 
attention to preoperative patient information and education.(18)

FUTURE RESEARCH
More patients with an adequate level of recovery reported a contribution from physiotherapy  
sessions after the program compared to patients with a self-reported inadequate level of recovery.  
Studies looking at the additive value of long-term physiotherapy are needed to improve  
out comes after TKA, to predict which patients could benefit from physiotherapy programs and to  
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reduce healthcare costs. To find these answers, studies looking at recovery trajectories rather than  
recovery points are needed.(42)

Conclusion

It appeared that the specific group of patients with knee OA who underwent a TKA expected that 
they would be able to reach a higher level of physical fitness, but felt incapable of exercising on 
their own after the high-intensity physiotherapy program. Therefore, to optimize the (cost)effec-
tiveness of the high-intensity physiotherapy program, more focus should be on information and
advice, patient’s expectations, self-management, and shared decision-making the adequateness 
or added value of continuation of physiotherapy. Moreover, discharge criteria should focus not 
only on physical factors, but also on self-management and exercise possibilities at home or in 
sports facilities. Additional longitudinal studies are needed to test whether there is sufficient  
added value of prolonged physiotherapy treatment in the first year after TKA. Generalizability of 
the results of our study may be limited to the subgroup of patients who are expected to recover 
fast after TKA surgery.
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Appendix 1 High-intensity physiotherapy program 

Inclusion criteria For inclusion in the high-intensity physiotherapy program,  
the patient had to satisfy the following criteria: 
Patient 
1) was undergoing primary TKA procedure for osteoarthritis
2) was physically able to complete the intensive program
3)   had no comorbidity that hindered the patient in doing exercises two times 

a day 
4) was independent in activities of daily living before surgery
5)  had no psychological distress related to a higher risk of worse outcome 

(Khatib, Madan, Naylor, & Harris, 2015; Vissers et al., 2012) 
6)  had a BMI≤30, (risk factor for worse outcomes (Harmelink et al., 2017))
7)  provided informed consent

Aims of program • Improving physical function
• Improving physical activity level in daily life
• No further need of physiotherapy treatment after the program

TKA surgery • 3 days hospital stay
• Start exercises during the hospital stay
•  After 3 days start high-intensity physiotherapy program in the resort hotel

Program Location Resort hotel

Program duration 10 days

Physiotherapy frequency 2 times a day

Duration per physiotherapy 
session

1.5 hour

Intensity High

Physiotherapy content RoM exercises; (outside) walking; cycling on a home trainer; transfer training; 
muscle strength exercises; walking stairs; aqua therapy; and education

Discharge criteria • independent in activities of daily living
• FAC score 5 
• independent in performing home exercises
• absence of inflammation and wound leakage 
•  RoM of at least 100 degrees flexion and 0 degrees extension or improve-

ment in RoM flexion of at least 15 degrees and extension of at least  
5 degrees since the beginning of the high-intensity program

• dynamic walking pattern
If the patient did not meet the discharge criteria, an advice to continue with 
physiotherapy treatment was given.
If the patient did meet the discharge criteria, an advice to refrain from  
physiotherapy treatment was given.

BMI= Body Mass Index; FAC=Functional Ambulation Category; ROM=Range Of Motion; TKA=Total Knee Arthroplasty
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Appendix 2 Semi-structured interview guide

Semi-structured interview guide

Introduction Brief introduction about the research project and the aim  
of the semi-structured interviews and the current state of health 
of the participant in relation to the TKA

Expectations What were your expectations of the TKA procedure?

What were your expectations of the high-intensity physiotherapy program?

Recovery How was the recovery during the high-intensity physiotherapy program?

How was the recovery after the high-intensity physiotherapy program?

Physiotherapy

In case of  
physiotherapy  
sessions:

Did you use physiotherapy after the high-intensity physiotherapy program?
• If not: why not?
• If yes: questions below:

How often did you visit the physiotherapist?

What was the content of the physiotherapy?

How was the recovery during the physiotherapy visits?

Did the physiotherapy contribute to your recovery?

Why did you decide to continue physiotherapy after the high-intensity  
physiotherapy program?

How important was the opinion of the physiotherapist for you?

What was the stimulus for you to continue physiotherapy?

Actual experiences Did your expectations of the TKA procedure match the actual experiences?
• If not: why not?

Did your expectations of the high-intensity physiotherapy program match  
the actual experiences?
• If not: why not?
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Appendix 3 Survey

Theme Question Answer options

Contribution  
to recovery

At which level were you recovered  
after your Total Knee Arthroplasty 
(TKA)? Level of recovery: I feel...

Very much better 

Much better

Somewhat better

The same

Somewhat worse

Much worse

Very much worse

Other, namely...

Expectations 
of TKA

What were your expectations  
of the TKA?

Less pain

Cycling

Walking

Pain-free in sport activities

Pain-free in work

Other, namely...

Expectations  
of high-intensity 
physiotherapy 
program

What were your expectations  
of the high-intensity physiotherapy 
program?

Intensive program

Intensive support

Quicker recovery

Heavy program

Quicker restart of original activities

Independent in activities of daily living

No expectations

Other, namely...

Actual  
experiences  
of TKA

How was the actual experience  
in relation to the expectation  
of your TKA? 

Very much better

Much better

Somewhat better

The same

Somewhat worse

Much worse

Very much worse

Other, namely...

Actual  
experiences  
of high-intensity 
physiotherapy 
program

Did the high-intensity physiotherapy 
program satisfy expectations?  
The high-intensity physiotherapy 
program was    

Very much better 

Much better

Somewhat better

The same

Somewhat worse

Much worse

Very much worse

Other, namely...

4
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Incongruence  
between  
self-perceived 
recovery and  
the judgement 
of the physio-
therapist

At which level were you recovered  
during the high-intensity physio-
therapy program? 

Very much better 

Much better

Somewhat better

The same

Somewhat worse

Much worse

Very much worse

Other, namely...

Incongruence  
between self- 
perceived  
recovery and  
the judgement 
of the physio-
therapist

At which level were you recovered 
after the high-intensity physiotherapy 
program? 

Very much better 

Much better

Somewhat better

The same

Somewhat worse

Much worse

Very much worse

Other, namely...

Continuation of 
physiotherapy 
sessions

Did you use physiotherapy after 
the high-intensity physiotherapy 
program?

Yes

No 

Reasons for 
continuing with 
or refraining from 
physiotherapy 
treatment after 
the program

If no:  
Why did you not use physiotherapy?

I knew my exercises and did them at home.

I had a home trainer and used it at home.

I had no complaints, so I needed no physiotherapy.

Other, namely...

If yes: Answer the questions below:

Continuation of 
physiotherapy 
treatment

How long did you continue physiothe-
rapy treatment?

…. weeks / months

…. sessions (number)

…. times a week (frequency)

Continuation of 
physiotherapy 
treatment

What was the content of the physio-
therapy?

Range of motion exercises

Walking exercises

Muscle strength exercises

Balance exercises

Walking stairs

Massage

Cycling

Group exercises

Other, namely ….

Appendix 3 Survey (continued)
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Contribution  
to recovery

At which level were you recovered 
during the physiotherapy treatment? 
Level of recovery: I feel...

Very much better 

Much better

Somewhat better

The same

Somewhat worse

Much worse

Very much worse

Other, namely...

Contribution to 
recovery

What was the level of recovery after 
the physiotherapy treatment?  
The level of recovery: I feel...

Very much better 

Much better

Much better

Somewhat better

The same

Somewhat worse

Much worse

Very much worse

Other, namely...

Reasons for 
continuing with 
physiotherapy 
treatment

Why did you decide  
to continue physiotherapy?

I need it to achieve goals.

I had a lot of pain.

I had too little range of motion.

I had too little muscle strength.

I could not do exercises by myself.

My healthcare insurance reimburses physiotherapy.

I was seeking an extra stimulus.

I wanted to be fitter.

I had other complaints.

I experienced new complaints after a period  
of clinical improvement.

I found it safer.

Other, namely ….

Contribution to 
recovery

What was the effect of continuing 
with physiotherapy treatment after 
the high-intensity physiotherapy 
program?

Better muscle strength

Better range of motion

Less pain

More self-confident

Nothing

Other, namely...

Appendix 3 Survey (continued)
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Abstract

Background: There is consistent evidence that supervised programs are not superior to home- 
based programs after Total Knee Arthroplasty (TKA), especially in patients without  
complications. Home-based exercise programs are effective, but we hypothesize that their  
effectiveness can be improved by increasing the adherence to physiotherapy advice  
to reach an adequate exercise level during the program and thereafter. Our hypothesis  
is that an activity coaching system (accelerometer-based activity sensor), alongside  
a home-based exercise program, will increase adherence to exercises and the activity  
level, thereby improving physical functioning and recovery.  The objective of this  
study is to determine the effectiveness of an activity coaching system in addition  
to a home-based exercise program after a TKA compared to only the home-based exercise 
program with physical functioning as outcome.
 
Methods: This study is a single-blind randomized controlled trial. Both the intervention (n=55) 
and the control group (n=55) receive a two-week home-based exercise program, and the inter-
vention group receives an additional activity coaching system. This is a hand-held electronic  
device together with an app on a smartphone providing information and advice on exercise  
behaviour during the day. The primary outcome is physical functioning, measured with the  
Timed Up and Go test (TUG) after two weeks, six weeks and three months. Secondary outco-
mes are 1) adherence to the activity level (activity diary); 2) physical functioning, measured 
with the 2-Minute Walk Test (2MWT) and the Knee Osteoarthritis Outcome Score; 3) quali-
ty of life (SF-36); 4) healthcare use up to one year postoperatively and 5) cost-effectiveness. 
Data are collected preoperatively, three days, two and six weeks, three months and one year 
postoperatively.

Discussion: The strengths of the study are the use of both performance-based tests and  
self-reported questionnaires and the personalized tailored program after TKA given by  
specialized physiotherapists. Its weakness is the lack of blinding of the participants to  
treatment allocation. Outcomes are generalizable to uncomplicated patients as defined in 
the inclusion criteria.
 
Trial registration: The trial is registered in the Dutch Trial Register (www.trialregister.nl, NTR 
5109) (March 22, 2015).

Background

An increasing number of people have some degree of knee pain and functional limitations  
associated with radiographic evidence of osteoarthritis. Osteoarthritis is associated with pain, 
stiffness and impairments in activities of daily living.(1) When conservative treatment options, 
like physiotherapy, losing weight, nonsteroidal anti-inflammatory drugs (NSAIDs) and intra- 
articular injections, are not effective anymore, a Total Knee Arthroplasty (TKA) may be indicated.(2) 
The number of TKA procedures performed annually is expected to increase due to demo-
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graphic and anthropometric factors like the ageing population and the increasing incidence of 
obesity.(3) In the Netherlands, for instance, with a population of 17 million, the number of TKA  
procedures was about 24,000 in 2013 whereas this figure is expected to rise to 58,000 per year 
in 2030.(3) Postoperative physiotherapy is the usual care after TKA,(4) but there is inconsistent 
evidence about the effectiveness of physiotherapy after TKA.(5,6) A recent systematic review 
showed that physiotherapy is not very effective in the long term after a TKA in terms of physical  
function and pain.(5) However, the physiotherapy interventions as described in this review  
consisted of a variety of physiotherapy programs such as pool- and gym-based exercises,  
walking skills and additional balance training or ergometer cycling. However, this review did 
not study the potentially important role of treatment adherence and did not include studies 
about home-based exercise programs after TKA. A systematic review by Coppola (7) specifically  
focused on a comparison between physiotherapy and unsupervised home exercise in post-surgical  
knee disorders. Ten randomized controlled trials (RCTs) were included in this review. In a young 
and healthy population without comorbidities, supervised physiotherapy is not more beneficial 
than a home-based exercise program following relatively simple knee surgical procedures (such 
as arthroscopic meniscectomy). 
There is also consistent evidence that supervised programs are not superior to home-based pro-
grams in uncomplicated patients after TKA.(8-13) Important success factors for home-based pro-
grams include the adequate patients with a favourable prognosis and increasing the adherence 
to the program, for instance by telerehabilitation. Tousignant et al. (12) compared the effective-
ness of home telerehabilitation with conventional rehabilitation following TKA in a randomized 
controlled trial. In this study, home telerehabilitation seems at least as effective as conventional 
rehabilitation. 
We hypothesize that not all patients will benefit from home-based exercise programs because 
patients with a worse prognosis need more adapted exercise protocols and hands-on physio-
therapy support. Over the last few years prognostic factors in relation to TKA have been studied. 
The risk factors associated with worse outcome are older age,(14,15) obesity,(16) worse pre-
operative physical status,(17,18) more comorbidities,(17,19) lack of self-efficacy (20) and psycho-
logical distress.(20,21) Patients with a good prognosis (active coping and better preoperative 
functional status measured with the Timed Up and Go test (TUG) and 6-Minute Walk Test (6MWT) 
(22) probably do not need intensive care from the physiotherapists. Possibly, these patients will 
benefit from a home-based exercise program only. However, adherence to such a program seems 
pivotal in terms of having an impact. Improvement in pain relief and clinical outcomes in patients 
with osteoarthritis is largely dependent on intervention adherence.(23) Exercise adherence rates 
are low in patients with osteoarthritis and arthritis, varying from 53.2 (24) to 70%.(25) Adherence  
rates were generally higher in supervised programs.(26) Adherence may be improved by an  
accelerometer-based activity sensor, which provides feedback on the activity level (type of  
activities performed and the time spent on it). To increase the adherence and thereby improve  
recovery after TKA we aim to study the effect of the additional use of such an activity coaching  
system alongside a home-based exercise program. This activity coaching system showed  
positive results in a pilot study of chronic obstructive pulmonary disease (COPD) patients.(27)  
The patients were randomly assigned to the activity coaching system or usual care group, and 
those in the activity coaching system group showed a satisfactory adherence to exercises.(27) 
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We hypothesize that the activity coaching system in combination with the home-based exercise 
program leads to better adherence and thereby better results in terms of physical functioning 
than the home-based exercise program in the period of two weeks to three months after TKA 
surgery.

Objective

The primary objective of this study is to determine the additive effect of a digital activity coaching  
system being introduced alongside a home-based exercise program after a TKA on physical  
functioning measured with the TUG after two weeks, six weeks and three months. 
The secondary objectives are to determine the additive effect of a digital activity coaching system 
alongside a homebased exercise program on 1) adherence to the activity level (activity diary);  
2) physical functioning measured with the 2-Minute Walk Test (2MWT) and self-reported physical  
function (Knee Injury and Osteoarthritis Outcome Score [KOOS]) at two and six weeks, three  
months and one year; 3) quality of life (SF-36) at two and six weeks, three months and one year;  
4) healthcare use for one year after TKA and 5) cost-effectiveness. Alongside the RCT, a process  
evaluation is conducted to determine the usability of the digital activity coaching system in patients  
after a TKA: a quantitative comparison between the activity diary and the accelerometer data, 
and interviews to gain insight into the experiences of patients.

Methods

STUDY DESIGN
The study design is a single-blinded parallel superiority RCT. The flow chart is shown in Figure 1. 
Postoperative measurements take place at the beginning of the home-based exercise program, 
after two weeks, after six weeks, after three months and after one year. The outcome measures 
are performed by one researcher, who is blinded to the group assignment.

PARTICIPANTS
The population consists of patients receiving a TKA with relatively favourable prognosis. In this 
study we include patients with a good prognosis for functional recovery after TKA to guarantee  
that patients are able to perform an intensive two-week home-based exercise program on  
their  own. The inclusion criteria are: 1) an adequate preoperative physical status: Bade et al. (21)  
showed that individuals walking <314 m on the 6-Minute Walk Test (6MWT) before surgery had 
the poorest physical function six months after surgery. Therefore, we include patients who can 
walk at least 120 m preoperatively in a 2MWT; 2) absence of compensatory movements during  
walking, because patients with inadequate walking patterns need more guidance from a  
physiotherapist to relearn a normal dynamic gait (‘no’ on all 13 items of the Gait Analysis List  
Nijmegen (GALN); (25–27) 3) Body Mass Index (BMI) < 30, because patients with a BMI ≥ 30 kg/m  
are at higher risk of lower functional outcomes and of complications following primary TKA; (28) 
4) age < 80 years because older age is related to worse functioning after TKA; (29) 5) ability to 
perform activities of daily living independently, which is a requirement for going home after a 



99

Study protocol for a randomized controlled trial

three-day hospital stay; and 6) having an active coping style as measured with the Patient Activa-
tion Measure (PAM) > 60 points. The PAM consists of 22 items. Each item is scored on a four-point 
Likert scale resulting in a total score range of 22–88. 
If patients score > 60 points,(28) we hypothesize that they are able to take responsibility for their 
active behaviour and adherence to the exercise program. The exclusion criteria are: 1) all patients 
with comorbidities (such as heart or lung diseases, (orthopaedic) problems in other joints, cancer 
and movement disorders) who need individually adapted exercise protocols; 2) severe mental 
disorders; 3) postoperative complications (such as open wounds, infections); 4) delay in recovery 
shown as >3 days staying in the hospital. All patients were recruited from the Medisch Spectrum 
Twente (MST) community hospital in the Netherlands.

Preoperative measurement: 
BMI, activity diary, PAM, TUG, 2MWT, SF-36, KOOS, GALN

TKA surgery

Intervention group (n=55)

Start home-based exercise program  
(2 weeks home-based exercise program 
and use of the activity coaching system)

Start home-based exercise program 
(2 weeks home-based exercise program)

Measurement at 2 weeks 
(TUG, SF-36, activity diary, 2 MWT, KOOS)

Measurement at 2 weeks 
(TUG, SF-36, activity diary, 2 MWT, KOOS)

Measurement at 6 weeks 
(TUG, SF-36, activity diary, 2 MWT, KOOS)

Measurement at 6 weeks 
(TUG, SF-36, activity diary, 2 MWT, KOOS)

Measurement at 3 month 
(TUG, SF-36, activity diary, 2 MWT, KOOS)

Measurement at 3 month 
(TUG, SF-36, activity diary, 2 MWT, KOOS)

Measurement at 1 year 
(SF-36, KOOS, healthcare use)

Measurement at 1 year 
(SF-36, KOOS, healthcare use)

Control group (n=55)

Inclusion

Computerized randomisation

Postoperative measurement 
(TUG, SF-36, activity diary, 2WMT, KOOS)

Figure 1 Flow chart
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PROCEDURES AND INFORMED CONSENT
All eligible patients are informed about this study and are invited to participate by the ortho-
paedic surgeon before surgery. The surgeon informs the researcher about patients possibly  
willing to participate. The researcher informs the patients by phone about the study and provides  
them with a patient information letter. Patients have one week to consider participating in the 
study. Patients who are willing to participate sign an informed consent form. After that, the  
researcher performs the preoperative measures and determines whether the patient is eligible. 
To minimize the patients’ load, the preoperative assessment is used as an inclusion criterion and 
preoperative measurement using overlapping tests. Five orthopaedic surgeons perform the TKA 
surgeries.
The number of TKA surgeries per year carried out by each surgeon varies from 50 to 70. After 
surgery, the definitive inclusion takes place if patients are going home after three days post-surgery  
and no complications are present. After the definitive inclusion, the baseline measurement  
and randomization take place. The baseline measurement is planned preferably for the third day,  
and at the latest for the fifth day. A flow chart is shown in Figure 1 (page 99). Subjects can leave  
the study at any time for any reason if they wish to do so without any consequences. The  
researcher will report serious adverse events to the accredited medical ethical review board of  
the Medisch Spectrum Twente community hospital in Enschede, the Netherlands, which  
approved the trial (registration number P15–09, NL52370.044.15). The researcher can decide  
to withdraw a patient during the study for urgent medical reasons, such as thrombosis, infections  
of the knee or other complications. KH is the coordinator of the trial and the other authors  
comprise the steering committee.

RANDOMIZATION, BLINDING AND TREATMENT ALLOCATION
The orthopaedic surgeon checks the inclusion criteria after surgery for definitive inclusion.  
To assign participants to either of the groups a randomization list is generated by a computer 
(www.randomization.com) using block randomization with a block size of 6. Prestratification is 
applied for the level of physical activity determined with the activity coaching system prior to 
surgery (< the median level or ≥ the median level). The median activity level was determined in  
a pilot of 10 consecutive patients. An independent secretary not involved in enrolling partici-
pants in the study prepares concealed, consecutively numbered, sealed, opaque envelopes.  
The envelopes contain papers indicating the allocated treatment. Participants will receive their 
envelope at the start of the home-based exercise program from another independent secretary 
who is not aware of the randomization sequence. Participants can open the envelope while with 
the physiotherapist. Subsequently, the physiotherapist will inform the trial coordinator (KH) 
about the treatment allocation. Patients are instructed not to tell the researcher which group 
they are randomized to during the follow-up measurements.
 
HOME-BASED EXERCISE PROGRAM
Patients in the intervention group and control group both receive a home-based exercise pro-
gram. A trained physiotherapist experienced in the treatment of patients after TKA and trained 
in the home-based exercise program explains the program to the patients. There are at least two 
contact moments: At the start of the program, to give exercise instructions and feedback on the 
correct performance, and at the end of the program, to monitor the effectiveness.
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When in need of help the patient is allowed to consult the therapist. The program is explained  
face to face at the patients’ home immediately after their hospital stay and the exercises are  
practiced with the patient to be sure that they are done correctly. The program consists of cycling 
on a home trainer, outside walking and some exercises to improve range of motion (ROM) and 
muscle strength. The program is shown in Table 1. The homebased exercise program is followed 
for two weeks and patients are asked to perform the exercises at least five times a day with a 
gradual increase in time and speed within the two weeks. Patients receive a home trainer for 
two weeks to do their cycling exercises. Apart from the home-based exercise program patients 
are allowed to do extra walks or extra daily activities if they want and are able to do so. They  
are instructed to avoid strenuous activities such as playing football or other sports activities.  
Patients are informed that they can contact the physiotherapist if they need consultation and 
are allowed to receive other kinds of care (e.g., help in the household). There is no limit on the 
number of consultations needed, because patients need to be sure that they do their exercise 
adequately. Healthcare use (including physiotherapy consultations) is compared between the 
intervention and the control group.

Table 1 Exercise program

Week 1

Day 1 •  Explaining home-based exercise program through physiotherapist
• All exercises were explained

Day 2 • Cycling on a home trainer 2x10 minutes
• Walking outside 2x15 minutes
• ROM exercises knee 15 minutes

Day3 • Cycling on a home trainer 2x10 minutes
• Muscle strength exercises quadriceps 15 minutes
• Walking up and down stairs 5 minutes
• Walking outside 15 minutes

Day 4 • Home trainer 1x10 min and 1x15 min
• Walking outside 2x15 min
•  ROM exercises knee 15 min
•  Muscle strength exercises quadriceps 15 min

Day 5 • Home trainer 1x10 minutes and 1x15 minutes
• Walking outside 2x15 minutes
• ROM exercises knee 15 minutes
• Muscle strength exercises quadriceps 15 minutes

Day 6 • Home trainer 2x15 minutes
• Walking outside 2x15 minutes
• ROM exercises knee 15 minutes
• Muscle strength exercises quadriceps10 minutes

Day 7 • Home trainer 2x15 minutes
• Walking outside 1x20 minutes
• ROM exercises knee 10 minutes
• Muscle strength exercises quadriceps 15 minutes

5
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Week 2

Day 8 • Home trainer 2x15 minutes
• Walking outside 2x20 minutes
• ROM exercises knee 15 minutes
• Muscle strength exercises quadriceps 15 minutes
• Walking up and down stairs 5 minutes

Day 9 • Home trainer 2x15 minutes
• Walking outside 2x20 minutes
• ROM exercises knee 15 minutes
• Muscle strength exercises quadriceps 15 minutes

Day 10 • Home trainer 2x15 minutes
• Walking outside 2x20 minutes
• ROM exercises knee 15 minutes
• Muscle strength exercises quadriceps 15 minutes

Day 11 • Home trainer 2x20 minutes
• Walking outside 1x 30 minutes
• ROM exercises knee 15 minutes
• Muscle strength exercises quadriceps 15 minutes

Day 12 • Home trainer 2x20 minutes
• Walking outside 1x 30 minutes
• ROM exercises knee 15 minutes
• Muscle strength exercises quadriceps 15 minutes

Day 13 • Home trainer 2x20 minutes
• Walking outside 2x30 minutes
• ROM exercises knee 15 minutes
• Muscle strength exercises quadriceps 15 minutes

Day 14 • Home trainer 2x20 minutes
• Walking outside 2x30 minutes
• ROM exercises knee 15 minutes
• Muscle strength exercises quadriceps 15 minutes

ACTIVITY COACHING SYSTEM IN THE INTERVENTION GROUP
The home-based program is exactly the same for the intervention and the control group.  
The only difference is the addition of the digital activity coaching system in the intervention  
group. The intervention group wears the activity coaching system during the home-based  
exercise program for two weeks: After two weeks’ use, the influence of the activity coaching  
system seems to diminish because patients include exercises in daily routines as shown in  
patients with COPD.(27) Physiotherapy after TKA is effective when it starts early,(29) so we 
hypothe size that adding the activity coaching system in the first two weeks (30,31) stimulates 
people towards a more active and healthy activity behaviour. It consists of an accelerometer- 
based activity sensor (Promove 3D, Inertia Technology, Enschede, the Netherlands), which is  
worn on the patient’s hip combined with a smartphone (Desire S; HTC, New Taipei, Taiwan).  
The activity coaching system is shown in Figure 2 and consisted of a tri-axial piezoelectric  
accelerometer. The accelerometer measures accelerations in the anteroposterior, mediolateral 
and longitudinal axis of the trunk. The acceleration is band pass filtered, with cut-off frequen-
cies at 0.11 and 20 Hz as described by Bouten et al. (32) and is used to remove the gravitational  
component from the accelerometer signals. These filtered signals are used to calculate the  
Integral of the Modulus of the Accelerometer output (IMA) values for the most recent 60 s.  

Table 1 Exercise program (continued)
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The IMA values as measure for physical activity are expressed as mean acceleration per minute 
and defined as counts per minute.(32)
The smartphone application shows two lines: The activity line (in counts per minute) and the 
reference activity line (in counts per minute). The activity line (displayed on the screen as a blue 
line) shows the distribution of activities during the day, the intensity of the activities and the  
duration of the activities. The reference activity line is the cumulative activity the patient should 
aim for (displayed on the screen as a green line). The reference activity line represents an even 
distribution of activity intensity during the day. The cumulative activity level represented by this 
reference line is based on the average cumulative activity level of a previously recorded group of 
healthy subjects.(33)
Patients receive visual feedback in a graph displaying the cumulative reference activity line  
together with the activity line of the patient drawn minute by minute. Besides that, the system 
coaches towards a healthy activity pattern by providing time-based motivational cues in the form 
of messages on a smartphone during the day for creating both awareness (how active was the 
patient up to that moment in time) and extra motivation (remember messages such as go cycling, 
walking or doing exercises). 
In addition, text messages contain advice on how to use the affected leg (e.g., symmetric load 
during transfers and walking). Feedback messages are based on the activity level of the last two 
hours and of the day so far. They provide a summary of the activity behaviour and advice on how 
to continue it, i.e., to do more or less to gain their reference activity level.

Figure 2   Activity coaching system, consisting of a smartphone and an accelerometer-based 
activity sensor

5
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BASELINE CHARACTERISTICS OF PARTICIPANTS
Evaluation of baseline characteristics provides insight into the generalizability of the study,  
the success of the randomization and any potential confounders. Baseline characteristics of 
participants collected preoperatively are: age (years), gender, BMI, activity level (activity diary),  
coping style (PAM), walking pattern (GALN), physical status (TUG, 2MWT, KOOS) and quality of life  
(SF-36). This is shown in the flow chart (Figure 1, page 99). 

PRIMARY OUTCOME
The primary outcome is the between-group difference in physical functioning as measured by 
the TUG after two weeks, six weeks and three months. The TUG measures the time it takes a  
patient to rise from an armchair (seat height of 46 cm), walk 3 m, turn, and return to sitting in the 
same chair without physical assistance.(34) Patients are instructed to walk safely, but as fast as 
they can. This test has excellent interrater (ICC 0.97) and intra-rater reliability (ICC 0.96), as mea-
sured in a group of 65 subjects (aged 45–70) with knee osteoarthritis.(34) The TUG has also been 
shown to be responsive to change after TKA.(35) The TUG is recorded twice and the highest score 
of the two measurements is analyzed.

SECONDARY OUTCOMES
Secondary outcomes are divided into adherence to the activity level (activity diary), performance- 
based physical function (2MWT), self-reported physical function (KOOS), quality of life (SF-36) 
and healthcare use.

Adherence to the activity level measured with the activity diary
Activity level was defined as the type of activities performed and the time spent on it. Because  
of the absence of a valid and reliable activity-level questionnaire for patients after a TKA an activity  
diary was developed. The activity diary focuses on physical activities and there is low burden to 
administer. Every day patients report which activities they have performed and for how many 
minutes. Walking, cycling, exercises, walking up and down stairs, household chores, pastime and 
leisure activities, work and sports activities are mentioned in the activity diary and the patient has 
the opportunity to note other activities and the time spent on them. Other authors used similar  
activity diaries in healthy adults.(36-38) The activity diary must be filled out one week preopera-
tively, during the home-based exercise program, in the sixth week, in the third month and one 
year after surgery (during one week). The minutes spent on each type of activity will be compared 
to the recommended time per activity as defined in the home-based exercise program (Table 1, 
page 101) to calculate the percentage of adherence (this can be lower or higher than 100%).

Performance-based physical function measured with the 2MWT
 The 2MWT measures walking speed. The outcome is the distance in meters. The 2MWT  
record on a smooth floor with sufficient walking space over a distance of 10 m. The measure-
ments take place at the patients’ home and therefore 10 m was determined as standard because  
this is the maximum available space at home. The patients have to walk as many meters as  
possible in two minutes. They are allowed to use a walking aid.(39) The 2MWT is performed  
after two and six weeks and three months. During the preoperative 2MWT the Gait Analysis List  
Nijmegen is used to measure the quality of the gait pattern.
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Self-reported physical function, measured with the Knee Injury and Osteoarthritis Outcome Score 
(KOOS)
 The KOOS assesses function over the previous week and is composed of five subscales:  
Pain, symptoms, activities in daily living, activities in sports and leisure, and knee-related quality 
of life.(40-43) Answers are given using a Likert scale ranging from 0 to 4. A normalized score (100 
indicates no symptoms, and 0 indicates extreme symptoms) is calculated for each subscale.
The KOOS has been shown to have excellent reliability and good content and construct validity  
when used for short- and long-term follow-up of knee injury.(42,43) It has been vali dated for  
people with TKA and has been used to evaluate physiotherapy outcomes.(42,43) The KOOS is  
scored after two and six weeks, three months and one year.

Quality of life (QoL), measured with the Short Form 36 (SF-36)
The SF-36 is a multipurpose, short-form health survey with 36 questions that measure eight 
domains of QoL (vitality, physical functioning, bodily pain, general health perceptions,  
physical role functioning, emotional role functioning, social role functioning and men-
tal health). It has been shown to capture improvements in seven of its eight domains in  
patients after TKA in the first three months after surgery (44) and continues to indicate  
improvements in health-related QoL over the next six months.(45) In addition, the results of the 
eight domains have been combined into two summary scores: physical component score and 
mental component score.(46) The SF-36 is scored after two weeks, six weeks, three months and 
one year postoperatively.

Healthcare use
Healthcare use includes all kinds of healthcare consumed by the patient in relation to TKA 
surgery beginning at the start of the home-based exercise program up to one year post-
operatively. It includes physiotherapy, hospital visits, visits of the general practitioner and 
medication use. The patient signs informed consent to ask for an overview of healthca-
re costs (health insurance, physiotherapist) and patients report how much pain medication  
(paracetamol, NSAIDs) they use for their knee pain. The use of pain medication is asked about 
through a medication diary. Healthcare use is measured during the period up to one year after 
surgery.

Adherence to the home-based exerise program (intervention group)  
measured with the accelerometer (activity coaching system)
 The accelerometer is only used by patients in the intervention group. The 3D accelerometer 
is the sensor used by the activity coaching system to register activity levels.(27) The out come 
of the accelerometer data are outlined above and shown in Figure 2 (page 103). The activity  
level per day in counts per minute (final point of the blue line in Figure 2) will be compared  
to the reference activity line per day in counts per minute (final point of the green line) to 
calculate the percentage of adherence (this can be lower or higher than 100%). Wearing  
the acce lerometer (adherence to the accelerometer) is determined by asking the patient to report 
the time of the start and end of wearing the activity coaching system on a form. This is checked  
with the data on the activity coaching system. The accelerometer and the activity diary are  
both assessments of physical activity.(47)

5
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PROCESS EVALUATION
We used a mixed-methods approach in the process evaluation: A quantitative comparison  
between the activity diary (type and duration of activities performed) and the accelerometer 
data, and interviews to gain insight into the experiences of patients.

INTERVIEWS
Every third patient who receives the activity coaching system will be asked to participate in a 
qualitative semi-structured interview to determine the usability of the activity coaching system.  
Semi-structured interviews with the patients will be conducted three months after surgery.  
The interviews will take place at the patients’ home and the duration of the interview is at most  
30 min. The interviews will be conducted by an independent researcher not involved in the 
measurements or treatments to guarantee independence. Inclusion of patients will be stopped if 
saturation is reached (no new information in the last three interviews).

SAMPLE SIZE
The sample size is based on the primary outcome measure TUG. The sample size is determined  
using a longitudinal regression model with three follow-up measurement points (two and six 
weeks and three months). According to the formula described by Twisk (48) for longitudinal  
studies with repeated measures the required sample size is calculated assuming a mean effect 
of 10% difference for the TUG scores between the groups over time and a standard deviation of 
4.2. These parameter values are based on a study by Kennedy et al. on the clinimetric properties 
of the TUG in patients with knee and hip arthroplasty.(35) We further assume a correlation co-
efficient of 0.4 for the correlation between the follow-up measurements. Assuming a dropout 
rate of 15% a total number of 110 patients is needed. The recruitment period is from 1 April 2015 
to 1 August 2017.

PRIMARY AND SECONDARY OUTCOMES
The analyses will be performed following the intention-to-treat principle. Between-group  
differences of the primary outcome measure (TUG) measured at baseline, two weeks, six weeks 
and three months will be analyzed using generalized estimating equations (GEE) with an  
exchangeable correlation structure. GEE is a longitudinal data analysis technique that is suitable  
for investigating the course over time of the outcome variable and comparing this overall  
effect between study arms.(49,50) Because GEE can adequately handle missing values (<20%), no 
imputation technique is planned on beforehand.
The continuous secondary outcomes adherence to the activity level, 2MWT, KOOS, SF-36 and 
healthcare use will be analyzed in the same way using GEE as well. Differences in the baseline  
measurements and baseline characteristics of the two groups could potentially act as con-
founders. Only when the regression coefficient of the intervention variable in the GEE model 
changes by at least 10% after adding these variables to the model will they be adjusted for in  
the analyses.(48) A p < 0.05 is considered statistically significant. Patients cannot be deprived 
from other kinds of care and exercises. Therefore, other types of care and exercises are registered 
and reported.
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HEALTHCARE COSTS AND COST-EFFECTIVENESS
The total healthcare costs will be determined after one year and include all costs related to the 
TKA surgery measured by the healthcare insurance. The total costs are measured as a continuous  
variable over a period of 12 months. The cost-effectiveness will be analyzed based on group  
differences in healthcare costs (number of consultations and other healthcare use). The time  
off work or caregiver time off work is not measured. This economic analysis is based on the  
principles of a cost-utility analysis. The primary outcome measures for the economic evaluation 
are costs and quality-adjusted life years measured with the SF-36. The incremental cost- 
effectiveness ratio (ICER) “cost per quality-adjusted life years (QALY) gained” will be calculated. 
Uncertainty surrounding this ICER will be determined using a nonparametric bootstrap method. 
A cost-effectiveness acceptability curve will be extracted. The impact of uncertainty surroun-
ding parameters of the ICER will be explored using one-way sensitivity analysis on the range  
of extremes. 
In the quantitative process analysis, we will calculate the correlation between the data registered  
in the activity diary (performed activities and the time spent on it) with the data from the activity  
coaching system and the usability of the activity coaching system using semi-structured  
interviews. The audio-records from the interviews will be transcribed verbatim and checked for  
accuracy by KH. Thereafter the transcripts will be analyzed using qualitative data analysis with  
an open coding system.(51) Afterwards a thematic analysis will be used to get insight in the expe-
riences of the participants with the program, the impact of the activity coach on adherence and 
the possible barriers and facilitators. These data will be used to generate possible hypotheses on 
mediating factors which can be tested using the quantitative data.(52)

Discussion

This study aims to evaluate the (cost-)effectiveness of an activity coaching system in addition 
to a home-based exercise program using an RCT design. This is one of the first RCTs aimed at 
optimizing a home-based exercise program by increasing the adherence to physiotherapy exer-
cise advice to reach an adequate exercise level during the program and thereafter. Moreover,  
in this study the patients are allowed to consult the physiotherapist if they need to. The home- 
based exercise program is specifically tailored for patients after TKA and is given by specialized 
physiotherapists with experience in the treatment of TKA. The strength of this study is that both  
self-reported questionnaires and performance-based tests are used. Mizner et al. concluded that 
functional improvement after TKA should be measured with both performance-based and patient- 
reported measurements.(53) We think that the two-week home-based exercise program is 
parti cularly appropriate for patients with a reasonably good prognosis for recovery after TKA  
(see the inclusion criteria) based on the literature and our own clinical practice. This study is 
genera lizable to patients after TKA with a favourable prognosis (better preoperative physical  
status and preoperatively independent in activities of daily living).
Although we expect positive results from both interventions, we expect 10% more effect on 
physical functioning measured with the TUG in the group receiving the activity coaching system. 
This is an estimated effect.(35) It is not clear whether patients seek additional healthcare during 
the home-based exercise program. Possibly, less healthcare utilization is an effect of the interven-
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tion. The ideal study protocol is the addition of a third group, namely no care, to evaluate natural 
recovery. This was considered not possible and not ethical because physiotherapy after TKA is 
regular in the Netherlands.
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Appendix 1 High-intensity physiotherapy program 

Inclusion criteria • Admitted for TKA surgery
• an adequate physical status:
 - walking ≥120 m on the 2MWT before surgery
 - absence of compensatory movements during walking
 - ‘no’ on all 13 items of the GALN
• BMI <30
• age < 80 years
• ability to perform activities of daily living independently
• having an active coping style:
 - PAM > 60 points

Exclusion criteria •  comorbidities (such as heart or lung diseases,  
(orthopaedic) problems in other joints, cancer and  
movement disorders) who need individually adapted 
protocols

• severe mental disorders
•  postoperative complications  

(such as open wounds, infections)
•  delay in recovery shown as >3 days staying  

in the hospital

Aims of program • Improving physical functioning
• Improving physical activity level in daily life
• Improving self-management

Program Location At patients’ home

Program duration 2 weeks

Physiotherapy frequency 5 times a day

Intensity High

Physiotherapy content Cycling on a home trainer
Outside walking
Exercises to improve ROM
Exercises to improve muscle strength

Exercise program at home Week 1

Day 1 • Explaining home-based exercise program
• all exercises were explained

Day 2 • cycling on a home trainer 2x10 min
• walking outside 2x15 min
• ROM exercises knee 15 min

Day 3 • Cycling on a home trainer 2x10 min
• muscle strength exercises quadriceps 15 min
• walking up and down stairs 5 min
• walking outside 15 min

Day 4 • home trainer 1x10 min and 1x15 min
• walking outside 2x15 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min

Day 5 • home trainer 1x10 min and 1x15 min
• walking outside 2x15 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min

Day 6 • home trainer 2x15 min
• walking outside 2x15 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 10 min

Day 7 • home trainer 2x15 min
• walking outside 1x20 min
• ROM exercises knee 10 min
• muscle strength exercises quadriceps 15 min
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Appendix 1 High-intensity physiotherapy program  (continued)

Week 2

Day 8 • home trainer 2x15 min
• walking outside 2x20 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min
• walking up and down stairs 5 min

Day 9 • home trainer 2x15 min
• walking outside 2x20 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min

Day 10 • home trainer 2x15 min
• walking outside 2x20 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min

Day 11 • home trainer 2x20 min
• walking outside 1x30 min
• ROM exercises knee 15 min
• muscle strength exercises quad
• riceps 15 min

Day 12 • home trainer 2x20 min
• walking outside 1x30 min
• ROM exercises knee 15 min 
• muscle strength exercises quadriceps 15 min

Day 13 • home trainer 2x20 min
• walking outside 2x30 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min

Day 14 • home trainer 2x20 min
• walking outside 2x30 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min

Activity coaching system The activity coaching system is only used in the intervention group
•  The activity coaching system consisted o f a tri-axial piezoelectric accelerometer
•  The accelerometer measured accelerations in the anteroposterior, mediolateral and 

longitudinal axis of the trunk
•  The smartphone application showed two lines: 
  o  the activity line: distribution of activities during the day and the duration  

of the activities
  o the reference activity line: cumulative activity the patient should aim for
•  Patients received visual feedback in a graph displaying cumulative reference activity line 

together with the activity line of the patient drawn minute by minute.
•  The activity coaching system provided time-based motivational cues in the form of 

messages on a smartphone during the day for creating awareness and motivation
•  Feedback messages were based on the activity level of the last two hours and of the day 

so far 

Physiotherapy support •  At the start of the program ➞ give exercise instructions and feedback on the correct 
performance

• At the end of the program ➞ to monitor the effectiveness
•  Need for help ➞ there is no limit on the number of consultations needed, because 

patients need to be sure that they do their exercises adequately

BMI=Body Mass Index; FAC=Functional Ambulation Category; ROM=Range Of Motion; TKA=Total Knee Arthroplasty
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Abstract

Background: Home-based exercise programs are a cost-effective approach in patients after 
Total Knee Arthroplasty (TKA). Hypothesis is that exercise adherence improves outcomes 
from home-based exercise programs. Adherence can be improved by feedback using an 
accelerometer-based activity sensor.

Aim: To determine if feedback with an accelerometer-based activity sensor added to a 2-weeks 
home-based exercise program after TKA will lead to better outcomes in physical functioning, 
higher adherence, better quality of life and lower healthcare costs compared to the program 
alone; and to compare the outcomes of an activity diary and accelerometer as measurement 
for exercise adherence.

Design: Randomized Controlled Trial

Setting: Home-based program

Population: Patients with a favourable prognosis after TKA

Methods: 66 patients (32 intervention group, 34 control group) completed the study. Both 
groups received a 2-weeks home-based exercise program, while in the intervention group 
feedback with an accelerometer-based activity sensor was added to increase adherence to 
the program. Primary outcome was performance-based physical functioning after two weeks,  
six weeks and three months. Secondary outcomes were: 1) adherence to the home-based 
exercise program; 2) self-reported physical functioning; 3) quality of life and 4) healthcare 
costs up to one year postoperatively. The outcome measures for physical function and quality  
of life were analysed using generalized estimating equations (GEE) including all repeated 
measures in one longitudinal analysis (i.e. baseline, three days, two weeks, six weeks, three 
months and if available one year).

Results: There was no statistical significant between groups difference in physical functioning, 
quality of life, adherence or healthcare costs. Exercise adherence in both groups was >100% 
of the recommended activity time. The accelerometer showed a significantly higher activity 
level compared to the activity diary.

Conclusion: Feedback with an accelerometer-based activity sensor did not increase the adhe-
rence to nor the (cost)effectiveness of a home based exercise program. This study included 
patients after TKA with a favourable prognosis, who were willing to exercise at their own, so 
results should be interpret with caution.  

Clinical rehabilitation impact: A home-based exercise program is recommended in patients 
after TKA with a favourable outcome. Adequate exercise adherence should be discussed with 
the patients to optimize outcome.

Trial registration: www.trialregister.nl NTR 5109.
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Introduction

Due to the ageing population and an inactive lifestyle, the demand for Total Knee Arthroplasty 
(TKA) increases substantially.(1) After surgery an adequate rehabilitation program can improve 
function and activities of daily living and reduce pain.(2,3) Postoperative rehabilitation programs 
consist largely of exercise recommendations.(4) However, 50-70% of the patients do not comply 
with these recommendations,(5) while improvement in physical functioning is largely depen-
dent on exercise adherence.(6) Improving exercise adherence seems pivotal in terms of having 
an impact on the effectiveness of postoperative rehabilitation programs.(7,8) Factors improving 
exercise adherence are supervision during the program (9) and providing feedback.(5,10) Digital 
technologies has emerged as a potential method for improving adherence while lowering costs 
by reducing the supervision.(11,12) 
A recent review concluded that telerehabilitation compared to face-to-face rehabilitation showed  
similar results on pain and potentially better results in physical functioning in patients after TKA.
(13) Another review compared telerehabilitation at home with conventional face-to-face therapy 
and did not find differences in knee joint movements, but both groups showed similar results 
in physical activity and functional status.(14) Therefore, we concluded that telerehabilitation at 
home is a cost-effective approach and hypothesized that exercise adherence is a key factor in 
home-based exercise programs. 
Adherence can be improved by feedback using an accelerometer-based activity sensor. Patients 
receive visual feedback on the smartphone about their activity level and messages to be more 
active or to rest. This approach satisfactorily improved adherence to exercises in patients with 
Chronic Obstructive Pulmonary Disease.(15) We hypothesized that in patients who underwent 
TKA surgery, the above mentioned feedback approach added to a home based exercise program 
may also result in increased exercise adherence and improved physical functioning especially  
in the first rehabilitation period between two weeks to three months after TKA surgery. Earlier  
research showed that the influence of the feedback with the accelero-based activity sensor  
seemed to diminish after two weeks because patients often included the exercises in their daily 
routines.(15) Therefore we decided to provide feedback by the accelero-based sensor in the  
period immediately after a three days hospital stay for a short two weeks period.
Besides changing behaviour regarding exercises, starting with exercises immediately after  
surgery is important because most recovery takes place in the first weeks after TKA surgery.(16,17)  
Early exercises  may reduce loss of muscle strength and function after TKA surgery.(18) 

Objective

The primary objective of this study was to determine if adding feedback with an accelerometer- 
based activity sensor alongside a home-based exercise program was (cost)effective in patients 
after TKA on physical functioning, adherence to the home-based exercise program, quality of 
life and costs. Moreover, we compared the outcomes of the activity diary and accelerometer as 
measurement for adherence in the intervention group only. 

6
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Materials and methods

STUDY DESIGN
This study design is a single-blinded RCT with follow-up measurements at two weeks, six weeks,  
three months and one year. The patients could not be blinded to treatment allocation. The re-
searcher who performed the physical measurements was blinded to the group assign ment.  
The flow chart is shown in Figure 1. The methods used in this study are extensively described  
in a study protocol.(19) The study has been approved by the medical ethical review board of 
the Medisch Spectrum Twente (MST) (registration number P15-09, NL52370.044.15), Enschede,  
The Netherlands, and is registered in the Dutch National Trial Register (www.trialregister.nl,  
registration number NTR5109). This study is reported using the CONsolidated Standards of 
Reporting Trials (CONSORT) guidelines.(20)

Figure 1 Flow chart of participants through the trial (enrolment, allocation, follow-up and analysis) 

Randomised (n=66)

Allocated to intervention
group (n=32)

Lost to follow up 3 days:*
SF-36 n=1

Lost to follow up 2 weeks:*
KOOS n=1

*  only outcome measures with lost to follow up 
were mentioned. If nothing was mentioned,  
no lost to follow up was present

Lost to follow up 2 weeks:*
KOOS n=2
SF-36 n=1

Lost to follow up 6 weeks:*
KOOS n=1

Lost to follow up 3 days:*
SF-36 n=2

Allocated to control
group (n=34)

Enrolment

Allocation   

3 days follow-up
TUG, 2MWT, SF-36, KOOS

2 weeks follow-up
TUG, 2MWT, SF-36, KOOS,  

activity diary

6 weeks follow-up
TUG, 2MWT, SF-36, KOOS

3 months follow-up
TUG, 2MWT, SF-36, KOOS

1 year follow-up
SF-36, KOOS

Excluded (n=4):
• 2MWT <120m (n=3)
• BMI >30 (n=1)

Excluded (n=1):
•  Longer hospital stay due  

to complications

TKA

Pre-surgery measurement
(BMI, TUG, 2MWT, SF-36, KOOS, GALN, activity level with an accelerometer)

assessed for eligibility (n=71 )
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PARTICIPANTS
Consecutive patients of the MST in Enschede, the Netherlands, who were admitted for TKA  
surgery between September 2015 and August 2017 and expected to be able to exercise at 
home post-surgery were invited to take part in the study. They were selected based on their 
preoperative physical status (being able to walk>120 meter during the two-minutes-walking 
test (2MWT),(21,22) absence of compensatory movements during walking measured with the 
Gang Analysis List Nijmegen,(23) Body Mass Index (BMI)<30, age<80 years and, ability to perform  
activities of daily living independently) and coping style (active coping style measured with the 
Patient Activation Measure (PAM)>60 points).(24) Detailed in- and exclusion criteria are described 
in a study protocol (19) and are shown in Appendix 1. 

PROCEDURES
The orthopaedic surgeon invited patients based on the above mentioned inclusion criteria and 
the researcher informed them by phone about the study and provided a patient information 
letter. Patients had one week to consider participating in the study. Patients who were willing 
to participate signed informed consent and after that the researcher performed the pre-surgery  
measures and determined if the patient was eligible. Pre-surgery measures consisted of BMI, 
Timed Up and Go (TUG),(25) 2MWT,(21) Knee Injury and Osteoarthritis Outcome Score  
(KOOS),(26) SF-36 (27) and activity level assessed with an accelerometer during one week. The  
accelerometer registered activity level in counts per minute. After surgery the definitive inclusion  
took place when patients went home after three days post-surgery and no complications were  
present (Figure 1). 

RANDOMIZATION 
A sample size calculation was done (see study protocol)(19) and determined that 110 patients 
were needed in this study. A randomization list was generated by a computer using block rando-
mization with a block size of six and pre-stratification based on physical activity level. The level of 
physical activity was determined with the accelerometer prior to surgery to classify patients in a 
low or high physically active group based on the median activity level in a pilot of 10 consecutive 
patients (low physical activity level <158 614 counts per minute and high physical activity level 
≥158 615 counts per minute). Randomization took place after the definitive inclusion. 

INTERVENTION
Patients in the intervention group and the control group both received the same home-based 
exercise program. The program has been explained extensively in the study protocol (19) and is 
shown in Appendix 1. The program consisted of cycling on a home trainer, outside walking and 
some exercises to improve range of motion and muscle strength according to a standard protocol.  
The program outline was the same for every patient, independent of their physical status. 
Duration of the program was two weeks and patients were asked to perform the exercises at least 
five times a day with a gradual increase in duration and intensity within the two weeks. 
The intervention group received an accelero-based sensor added to the home-based exercise  
program: The tri-axial piezoelectric accelerometer sensor (Promove, 3D, Inertia Technology,  
Enschede, The Netherlands), which was worn on the patient’s hip. This accelerometer was  
connected to a smartphone (desire S; HTC, New Taipei, Taiwan) to receive feedback and reminders.  

6
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The accelerometer measured accelerations in the anteroposterior, mediolateral and longitudinal 
axis of the trunk. The smartphone application showed two lines: The activity line and the reference  
activity line. The activity line showed the total activity (in counts per minute) and the duration of 
the activities (minutes). The reference activity line is the cumulative activity the patient should 
aim for (in counts per minute), this cumulative activity increases per day. Patients received visual 
feedback in a graph displaying the cumulative reference activity line together with the activity  
line of the patient drawn minute by minute. This is shown in Figure 2. To improve a healthy  
activity pattern, time-based motivational cues in the form of messages on a smartphone during 
the day were provided. The messages were for creating awareness (how active was the patient 
up to that moment in time) and for creating extra motivation (reminder messages such as the 
request to go cycling, walking or do exercises). Messages were based on the activity level of the 
last two hours and of the day so far. They provided a summary of the activity behaviour and  
advice on how to continue with activities (to do more or less to gain their reference activity level). 
The reference activity level was determined in counts per minute based on the activities in the 
home-based exercise program.

OUTCOME MEASURES
The primary outcome of this study was physical functioning measured with the TUG after two 
weeks, six weeks and three months. Performance-based physical function gives an adequate  
indication of recovery after TKA and has an adequate responsiveness during the first period  
after TKA.(28) The TUG measures the time it takes a patient to rise from an armchair (seat height  
of 46 cm), walk 3 m, turn, and return to sitting in the same chair without physical assistance. 

Figure 2   Activity coaching system, consisting of a smartphone and an accelerometer-based  
activity sensor
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Patients are instructed to walk safely, but as fast as they can. The TUG is recorded twice and the 
highest score of the two measurements is analysed.(25) Due to practical reasons the physical 
performance tests (TUG and 2MWT) were not measured after one year.
Secondary outcomes were adherence to the home-based exercise program as measured with the 
activity diary, performance-based physical functioning (2MWT),(21) self-reported physical func-
tioning (five subscales of the KOOS: pain, symptoms, activities in daily living (ADL), activities in 
sports and leisure and knee-related quality of life)(29) and quality of life (SF-36).(30)  The outcome 
measures have been described extensively in a study protocol (19) and are shown in Appendix 2.
For evaluating cost-effectiveness, healthcare use was measured. Healthcare use included all kinds 
of healthcare consumed by the patient in relation to the TKA surgery beginning at the moment 
of surgery up to one year post surgery. It included surgery, surgery related costs, physiotherapy, 
hospital visits, radiological costs and medication use. 
The activity diary, which was constructed by the research team, was filled out by the patient every 
day. Patients reported which activities they had performed and for how many minutes per day 
(rounded by 5 minutes). Walking, cycling and exercises were mentioned in the activity diary and 
the patient had the opportunity to note other activities. To calculate the percentage of adherence  
per day the minutes spent on each type of activity was divided by the recommended time per 
activity (described in the exercise program) for that day (Appendix 1). The outcome can be lower  
or higher than 100%. The adherence measured with the activity diary was compared to the  
adherence measured with the accelerometer in the intervention group. The percentage adherence  
measured with the accelerometer was calculated for each day by dividing the total counts per 
minute by the reference activity counts per minute (this can be lower or higher than 100%).  
Adherence measured with the activity diary included only selected activities for at least five  
minutes and adherence measured with the accelerometer included all activities (including short 
activities like going to the toilet or getting a cup of coffee).

STATISTICAL ANALYSIS
Patient characteristics were presented in means and standard deviation (SD) or median and inter-
quartile ranges for continuous variables and percentages for dichotomous variables per group. 
Data were analysed following the intention-to-treat principle. The primary outcome measure TUG 
and the secondary outcome measure 2MWT were analysed using generalized estimating equa-
tions (GEE) including all repeated measures in one longitudinal analysis (i.e. baseline, three days,  
two weeks, six weeks and three months). The five subscales of the KOOS and the two subscales 
of the SF-36 were also analysed using GEE including measurements at baseline, three days, two 
weeks, six weeks, three months and one year in one longitudinal analysis. Differences in the base - 
line characteristics of the intervention and control group could potentially act as confounders.  
Gender, age and BMI were considered as potential confounders. Only when regression coefficient 
of the intervention variable in the GEE model changed by at least 10% after adding these variables  
to the model they were adjusted for in the analyses.(31) A p<0.05 was considered statistically 
significant. 
An independent samples t-test or a Mann-Whitney U test, dependent of the normality of the 
data, was done to determine the difference in healthcare costs in the intervention and the control 
group. 

6
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A repeated measures ANOVA was used to test between group differences in adherence as mea-
sured with the activity diary in the intervention and control group. The estimated sphericity was 
verified according to the Mauchly’s W test and the Greenhouse-Geisser correction was used 
when necessary.
A repeated measures ANOVA was used to test differences in adherence as measured with the 
activity diary and accelerometer over 14 days in patients in the intervention group only.

Results

Between September 2015 and August 2017, 71 potentially eligible patients were informed about 
the study. Five patients did not meet the inclusion criteria after surgery. In total 66 patients were 
randomly assigned to either the intervention group (n=32) or the control group (n=34). The  
orthopaedic surgeon did not register how many patients were offered the home-based training 
program. After an inclusion period of two years we stopped the inclusion, the aim of 110 patients 
was not reached. The flow chart of the study is shown in Figure 1 (page 118). No adverse events were  
reported. There were no drop-outs. The number of missing values was low, and related to some 
items of the KOOS and SF-36 (see Figure 1).

PATIENT CHARACTERISTICS
Demographic and baseline characteristics of the patients are shown in Table 1. 

Table 1 Baseline characteristics of the study population

Intervention group 
(n=32)

Control group 
(n=34)

Age (years), mean (sd) 67 (8) 66 (8)

Gender (F/M) 15/17 16/18

Body Mass Index (kg/m2), mean (sd) 25.4 (2.5) 25.5 (2.9)

Activity level (<median / ≥median) 16/16 18/16

Preoperative activity level (counts per minute), mean (sd) 165773 (109935) 164 828 (105504)

Timed Up and Go, mean (sd) 9.09 (2.13) 9.29 (2.48)

2 Minutes Walk Test, mean (sd) 138 (14) 136 (11)

KOOS, mean (sd)

   Pain 44 (13) 45 (10)
   Symptoms 52 (10) 49 (10)
   Activities of Daily Living 51 (12) 56 (11)
   Sports and leisure 11 (7) 11 (7)
   Quality of life 24 (6) 22 (6)

SF-36, mean (sd)

   Physical Component Scale 36 (20) 43 (21)
   Mental Component Scale 57 (23) 52 (23)

F=female; M=male; sd=standard deviation; KOOS=Knee Injury and Osteoarthritis Outcome Score; SF-36=Short-Form 36
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PERFORMANCE-BASED PHYSICAL FUNCTIONING (TUG)
Table 2 shows the outcomes of the TUG. The results of the GEE analysis showed no significant dif-
ferences in TUG outcomes between the intervention and the control group (B -0.75 [-2.06-0.56], 
p=0.26). 

SECONDARY OUTCOME MEASURES
The results of the GEE analysis showed no significant differences in 2MWT, all subscales of the 
KOOS, and the subscales of the SF-36 between the intervention and the control group as shown 
in Table 2. 

Outcome pre- 
 surgery

3  
days

2  
weeks

6  
weeks

3  
months

1  
year

B  
overall

95%  
CI

p  
values

TUG  

 intervention 9.09 (2.13) 17.78 (4.68) 16.61 (3.90) 13.05 (2.91) 10.52 (2.52) N.M. -0.751,2 -2.06-0.56 0.26

 control 9.29 (2.48) 17.04 (4.17) 15.63 (3.60) 12.92 (2.59) 9.85 (2.17) N.M.

2MWT 

 intervention 138 (14) 45 (17) 53 (18) 70 (23) 104 (27) N.M. 5.882,3 -3.84-15.60 0.24

 control 136 (11) 47 (18) 56 (21) 71 (30) 111 (29) N.M.

KOOS (0-100)

Pain

 intervention 44 (13) 39 (9) 51 (13) 60 (15) 77 (16) 83 (16) 2.801,2 -1.64-7.23 0.22

 control 45 (10) 44 (9) (53 (10) 61 (9) 79 (13) 84 (11)

Symptoms

 intervention 52 (10) 60 (10) 63 (10) 66 (10) 83 (14) 90 (14) -1.833 -6.22-2.56 0.41

 control 49 (10) 57 (11) 62 (9) 64 (10) 78 (14) 83 (16)

ADL

 intervention 51 (12) 61 (14) 61 (16) 66 (18) 78 (17) 88 (15) -2.963 -8.76-2.84 0.32

 control 56 (11) 61 (12) 63 (14) 66 (15) 75 (16) 84 (15)

Sports/leisure

 intervention 11 (7) 7 (4) 9 (5) 12 (5) 26 (11) 61 (22) -0.432,3 -3.77-2.91 0.80

 control 11 (7) 7 (5) 9 (5) 15 (7) 28 (13) 52 (21)

QoL

 intervention 24 (6) 25 (6) 33 (8) 45 (11) 60 (16) 82 (19) -2.972,3 -6.33-0.40 0.08

 control 22 (6) 24 (6) 29 (8) 39 (10) 52 (18) 80 (14)

SF-36 (0-100)

PCS

 intervention 36 (20) 41 (18) 46 (17) 50 (16) 67 (18) 69 (17) 0.233 -5.09-5.55 0.93

 control 43 (21) 41 (13) 48 (16) 52 (15) 64 (14) 66 (13)

MCS

 intervention 57 (23) 58 (20) 61 (20) 64 (18) 72 (16) 74 (14) -2.101 -7.50-3.30 0.45

 control 52 (23) 52 (20) 58 (21) 59 (19) 66 (18) 68 (17)

ADL=Activities of Daily Living; B=overall treatment effect of the intervention group compared with the control group, adjusted for baseline values: 
(1) adjusted for age; (2) adjusted for gender; (3) adjusted for Body Mass Index; BMI=Body Mass Index; F=female; KOOS=Knee Injury 
and Osteoarthritis Outcome Score; M=male; MCS=Mental Component Score; N.M.=Not measured; PCS=Physical Component Score;  
SF-36=Short-Form 36; TUG=Timed Up and Go; 2MWT=2-Minute Walk Test

Table 2  Effects of the intervention on the outcome measures 6
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ADHERENCE TO HOME-BASED EXERCISE PROGRAM
Figure 3 shows the estimated marginal means of adherence (in %) in the intervention and the 
control group measured with the activity diary. Mauchly’s test showed that the assumption of 
sphericity was not fulfilled X(77)=615.38, p<0.001 and therefore a Greenhouse-Geisser correc-
tion was used. The repeated measures ANOVA showed that there was no statistical significant  
difference in adherence between the intervention and control group F(4.67, 298.56)=0.56, p=0.72. 
The adherence in both the control group as the intervention group was adequate (>100% of  
recommended activity time).

HEALTHCARE USE
Median [IQR] healthcare costs in the intervention group were €8570 [€8254-€9096] per patient 
and median [IQR] healthcare costs in the control group were €9035 [€8632-€9328] per patient. 
A Mann-Whitney U test showed no statistical significant differences in healthcare costs between 
the intervention and the control group (p=0.06).
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Figure 3   Estimated marginal means of adherence (%) to the home-based exercise program  
in the intervention and the control group (measured with the activity diary)

Y-as: estimated marginal means of adherence to the home-based exercise in % 
100% = as advised in the home-based exercise program
<100%  = less active than advised in the home-based exercise program
>100%  = more active than advised in the home-based exercise program
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A cost effectiveness analysis was planned to compare the cost effectiveness of the intervention 
versus control treatment. However, there were no differences in outcome measures and health-
care costs between the intervention and control group. Therefore, a cost effectiveness analysis 
was of no added value.

COMPARISON BETWEEN THE ACTIVITY DIARY AND ACCELEROMETER
 IN THE INTERVENTION GROUP
For all patients in the intervention group (n=32) data were available to compare the self-reported 
activity level as measured with the diary and the activity level registered with the accelerometer.  
The mean (sd) reported adherence measured with the activity diary was 109 (5)% and with the 
accelerometer 124 (4)% which implies that patients actually follow the home-based exercise  
program and were even a little more active than expected. 
The repeated measures ANOVA showed that the adherence measured with the activity diary was 
significantly lower than as measured with the accelerometer F(1.26)=668.38, p<0.001 at all days 
(Figure 4).  
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Figure 4   Estimated marginal means of adherence (%) to the home-based exercise program  
(measured with the activity diary and the accelerometer) in patients in the intervention 
group

Y-as: estimated marginal means of adherence to the home-based exercise in % 
100%  = as advised in the home-based exercise program
<100%  = less active than advised in the home-based exercise program
>100%  = more active than advised in the home-based exercise program
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Discussion

As far as known this is the first RCT to evaluate the outcomes and adherence of a home-based 
exercise program by increasing the adherence to home-based exercises with feedback by an  
accelero-based activity sensor. Although favourable improvements in physical functioning were 
found in both groups no statistically significant nor clinically relevant between group differences  
were found on physical functioning, adherence, quality of life or costs. The adherence to the home- 
based exercise program was adequate (>100% of recommended activity time) in both groups,  
and did not improve through feedback by the accelerometer-based activity sensor. Comparison  
between the activity outcomes as measured with the diary and accelerometer showed, as expec-
ted, consis tently significant higher outcomes for the accelerometer.
Strength of this study is the randomized controlled design with a high follow-up rate. The inter-
vention and control group were comparable on all demographic characteristics and almost  
all baseline characteristics, which is another strength of our study. Preoperative activity level,  
for which we stratified, was also comparable in both groups. A limitation is the relatively small 
group of included patients. Despite intensive actions to include more patients, the sample size of 
110 patients was not reached. Apparently patients preferred face-to-face rehabilitation programs 
as advised in the national guidelines for rehabilitation after TKA.(32) Therefore we stopped the  
inclusion after two years. A limitation of our study is that we did not register the number of  
patients who were invited by the orthopaedic surgeon for the home-based program. Although 
the limited sample size could be the reason for the lack of statistically significant differences  
between the intervention and control group, the results are consistent over all outcomes so  
we do not expect different outcomes in a larger study.(31) The higher mean costs per patient in 
the control group were the result of one patient who needed a revision surgery which explains 
the higher costs.
The adherence to the home-based exercise program was measured with the activity diary (inter-
vention and control group) and the accelerometer (intervention group). Because there was no 
activity diary available suitable for patients immediately after TKA surgery, we used an activity  
diary specifically adapted to the home-based exercise program. This diary was not validated  
before the study. Therefore outcomes were compared to the outcomes as measured with the  
accelerometer-based activity sensor. This comparison was only possible in patients in the  
intervention group, which is a limitation of our study. We found a statistical significant higher  
outcome measured with the accelerometer compared to the activity diary. This was expected  
because a number of activities in daily living (such as walking to the toilet or getting a cup of coffee 
in the kitchen) were registered by the accelerometer, but not reported in the activity diary, because 
patients were instructed to report on activities which take longer than five minutes  to reduce 
registration burden. Figure 3 shows that the diary and accelerometer outcomes show the same 
pattern over days, however with a consistent difference. Therefore, we hypothesize the difference 
is a result of registration instructions in the diary. Therefore, we think that both can be used for 
monitoring adherence and feedback, while the accelerometer is more easy for the patient.
Patients in the intervention and the control group had an adequate recovery for physical func-
tioning (TUG, KOOS) and quality of life (SF-36). The recovery following this home-based exercise 
program in both groups is comparable to the outcomes of high-intensity supervised exercise pro-
grams.(28, 33) In one of these studies also patients with a less favourable prognosis than patients 
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included in our study were included.(28) The favourable outcomes of our home-based exercise  
program are also confirmed in an other study with patients after TKA surgery who followed  
a home-based exercise program with a comparable favourable prognosis (34) and in a systematic 
review in heterogenous patients after TKA.(35) In this study, no attention was paid to exercise 
adherence.(34) Despite comparable results to high-intensity programs, it is known that home- 
based exercise programs are cheaper than high-intensity physiotherapy programs and regular 
physiotherapy sessions.(36) Taken together, it can be suggested that a home-based exercise  
program would be an alternative cheaper choice after TKA. The more because studies looking at 
telerehabilitation versus conventional face-to-face rehabilitation showed no difference between 
groups, also in patients with a less favourable prognosis.(37,38) In this study we experienced that 
patients did not easily choose for a home-based exercise program and preferred face-to-face  
guidance by a physiotherapist leading to a lower number of participants and even stopping  
inclusion after two years. Implementing telerehabilitation programs will need specific implemen-
tation strategies and adaptation in the guideline.  
A study in patients with knee osteoarthritis showed that exercise adherence seems pivotal in 
recovery after TKA,(39) however most effectiveness studies do not report on adherence in TKA 
patients. A study to the feasibility of physical activity feedback on physical activity using a fitbit 
real-time physical activity wearable sensor showed acceptable but lower adherence rates than 
our study.(40) In this feasibility study patients were included after they completed the outpatient 
rehabilitation (six to eight weeks after TKA surgery) while in our study  patients started imme-
diately after surgery. Moreover, the goal in the fitbit study was improving physical activity to  
reduce overall healthcare problems at long-term, and not specific improving outcome after 
TKA. Adherence measured as wearing the fitbit was 92% and achieving individualized goals for  
physical activity during the week was 65%. So, the study objective, measurement time and out-
come were different than in our study which could explain the lower adherence rates. Another  
study showed that structured telephone follow-up improved the adherence significantly in  
patients with a favourable prognosis after TKA, however in this study the adherence to exercises 
was also much lower than in our study.(41) The intensity of structured telephone follow-up was 
low, which may limit the improvement in adherence to the intervention. Another explanation for 
differences in exercise adherence could be the included patients. A systematic review to exercise 
adherence in adults >65 years showed that demographic factors (higher socioeconomic status, 
living alone), health status (fewer health conditions, better self-rated health, taking fewer medi-
cations), physical factors (better physical abilities) and psychological factors (better cognitive 
ability, fewer depressive symptoms) were associated with better exercise adherence.(42) It is not 
known whether this also applies for patients after TKA. In our study, we checked if there was a 
statistically significant difference in adherence between patients with high and low preoperative 
physical activity, which was not found. 

Conclusion

The home-based exercise program is safe in patients after TKA with an adequate preoperative 
physical function and active coping style and recovery of the patients was adequate. The addition 
of feedback with an accelero-based activity sensor did not lead to better outcomes and lower 

6
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costs nor to a higher adherence to the home-based exercise program. Further research on the 
additional effect of feedback with an accelero-based activity sensor should focus on all patients 
after TKA, including patients with a passive coping style and poorer physical functioning. Such a 
feedback strategy can also be offered added to face-to-face rehabilitation programs to improve 
adherence and thereby physical functioning.

Ethical approval and trial registration

The study has been approved by the medical ethical review board of the Medisch Spectrum Twen-
te (MST) (registration number P15-09, NL52370.044.15), Enschede, The Netherlands, and is regis-
tered in the Dutch National Trial Register (www.trialregister.nl, registration number NTR5109).
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Appendix 1 High-intensity physiotherapy program 

Inclusion criteria • Admitted for TKA surgery
• an adequate physical status:
 - walking ≥120 m on the 2MWT before surgery
 - absence of compensatory movements during walking
 - ‘no’ on all 13 items of the GALN
• BMI <30
• age < 80 years
• ability to perform activities of daily living independently
• having an active coping style:
 - PAM > 60 points

Exclusion criteria •  comorbidities (such as heart or lung diseases,  
(orthopaedic) problems in other joints, cancer and  
movement disorders) who need individually adapted 
protocols

• severe mental disorders
•  postoperative complications  

(such as open wounds, infections)
•  delay in recovery shown as >3 days staying  

in the hospital

Aims of program • Improving physical functioning
• Improving physical activity level in daily life
• Improving self-management

Program Location At patients’ home

Program duration 2 weeks

Physiotherapy frequency 5 times a day

Intensity High

Physiotherapy content Cycling on a home trainer
Outside walking
Exercises to improve ROM
Exercises to improve muscle strength

Exercise program at home Week 1

Day 1 • Explaining home-based exercise program
• all exercises were explained

Day 2 • cycling on a home trainer 2x10 min
• walking outside 2x15 min
• ROM exercises knee 15 min

Day 3 • Cycling on a home trainer 2x10 min
• muscle strength exercises quadriceps 15 min
• walking up and down stairs 5 min
• walking outside 15 min

Day 4 • home trainer 1x10 min and 1x15 min
• walking outside 2x15 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min

Day 5 • home trainer 1x10 min and 1x15 min
• walking outside 2x15 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min

Day 6 • home trainer 2x15 min
• walking outside 2x15 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 10 min

Day 7 • home trainer 2x15 min
• walking outside 1x20 min
• ROM exercises knee 10 min
• muscle strength exercises quadriceps 15 min
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Appendix 1 High-intensity physiotherapy program  (continued)

Week 2

Day 8 • home trainer 2x15 min
• walking outside 2x20 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min
• walking up and down stairs 5 min

Day 9 • home trainer 2x15 min
• walking outside 2x20 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min

Day 10 • home trainer 2x15 min
• walking outside 2x20 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min

Day 11 • home trainer 2x20 min
• walking outside 1x30 min
• ROM exercises knee 15 min
• muscle strength exercises quad
• riceps 15 min

Day 12 • home trainer 2x20 min
• walking outside 1x30 min
• ROM exercises knee 15 min 
• muscle strength exercises quadriceps 15 min

Day 13 • home trainer 2x20 min
• walking outside 2x30 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min

Day 14 • home trainer 2x20 min
• walking outside 2x30 min
• ROM exercises knee 15 min
• muscle strength exercises quadriceps 15 min

Feedback with an  
accelerometer-based 
activity sensor

The accelerometer-based activtity sensor is only used in the intervention group
•  The accelerometer-based activity sensor consisted o f a tri-axial piezoelectric accelerometer
•  The accelerometer measured accelerations in the anteroposterior, mediolateral and  

longitudinal axis of the trunk
•  The smartphone application showed two lines: 
  o  the activity line: distribution of activities during the day and the duration  

of the activities
  o the reference activity line: cumulative activity the patient should aim for
•  Patients received visual feedback in a graph displaying cumulative reference activity line 

together with the activity line of the patient drawn minute by minute.
•  The accelerometer-based activtity sensor provided time-based motivational cues in the 

form of messages on a smartphone during the day for creating awareness and motivation
•  Feedback messages were based on the activity level of the last two hours and of the day 

so far 

Physiotherapy support •  at the start of the program ➞ give exercise instructions and feedback on the correct 
performance

• at the end of the program ➞ to monitor the effectiveness
•  need for help ➞ there is no limit on the number of consultations needed, because 

patients need to be sure that they do their exercises adequately

BMI=Body Mass Index; FAC=Functional Ambulation Category; ROM=Range Of Motion; TKA=Total Knee Arthroplasty
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Appendix 2  Outcome measures

Outcome Outcome 
measure

Construct Performance Measurement time points

Adherence to the activity level Activity diary Measured the type of activities performed and the time spent on it Every day patients reported which activities they have  
performed and for how many minutes. Walking, cycling,  
exercises, walking up and down stairs, household chores,  
pastime and leisure activities, work and sports activities  
were mentioned in the activity diary and the patients had  
the opportunity to note other activities and the time spent  
on them. 

The minutes spent on each type of activity was compared  
to the recommended time per activity as defined in the 
home-based exercise program (Appendix 1) to calculate  
the percentage of adherence (this can be lower or higher  
than 100%)

During the 2-weeks homebased exercise program

Performance-based  
physical functioning

TUG Measured the time it takes a patient to rise from an armchair  
(seat height of 46cm), walk 3m, turn, and return to sitting  
in the same chair without physical assistance

Instruction: Walk safely, but as fast as you can. 
The outcome was the time needed in seconds.

1-2 weeks preoperative

3 days postoperative

2 weeks postoperative

6 weeks postoperative

3 months postoperative

Performance-based  
physical functioning

2MWT Measured walking speed Instruction: Walk as many metres as possible in two minutes. 
Patients are allowed to use a walking aid. 
The outcome was the distance in metres.

1-2 weeks preoperative

3 days postoperative

2 weeks postoperative

6 weeks postoperative

3 months postoperative

Self-reported physical  
functioning

KOOS Assessed function over the previous week The KOOS consisted of five subscales: Pain, symptoms,  
activities of daily living, activities in sports and leisure,  
knee-related quality of life. 
 
Answers were given using a Likert scale ranging from 0 to 4.  
A normalised score (100 indicated no symptoms and 0  
indicated extreme symptoms) was calculated for each subscale.

1-2 weeks preoperative

3 days postoperative

2 weeks postoperative

6 weeks postoperative

3 months postoperative 

1 year postoperative

Quality of life SF-36 Assessed quality of life The SF-36 consisted of 36 questions that measured eight 
domains of quality of life: vitality, physical functioning,  
bodily pain, general health perceptions, physical role  
functioning, emotional role functioning, social role 
functioning and mental health. 
 
The results of the eight domains were combined into 
two summary scores: PCS and MCS.

1-2 weeks preoperative

3 days postoperative

2 weeks postoperative

6 weeks postoperative

3 months postoperative 

1 year postoperative

Adherence to the home-based 
exercise program

accelerometer Measured adherence to the home-based exercise program The accelerometer was only used by the patients in the 
intervention group. The activity level per day in counts  
per minute was compared to the reference activity line  
per day in counts per minute to calculate the percentage  
of adherence (this can be lower or higher than 100%)

During the home-based exercise program

Healthcare use Healthcare use Assessed healthcare use during one year Healthcare use included all kinds of healthcare consumed  
by the patient in relation to the TKA surgery beginning  
at the moment of surgery up to one year postoperatively.  
It included physiotherapy, hospital visits, visits of the general 
practitioner and medication use

During the period up to one year after surgery

cm=centimetre; KOOS=Knee Injury and Osteoarthritis Outcome Score; m=metre; MCS=Mental Component Score; PCS=Physical Component Score; 
SF-36=Short-Form-36; TUG=Timed Up and Go; 2MWT=2 Minutes’ Walk Test
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Outcome Outcome 
measure

Construct Performance Measurement time points

Adherence to the activity level Activity diary Measured the type of activities performed and the time spent on it Every day patients reported which activities they have  
performed and for how many minutes. Walking, cycling,  
exercises, walking up and down stairs, household chores,  
pastime and leisure activities, work and sports activities  
were mentioned in the activity diary and the patients had  
the opportunity to note other activities and the time spent  
on them. 

The minutes spent on each type of activity was compared  
to the recommended time per activity as defined in the 
home-based exercise program (Appendix 1) to calculate  
the percentage of adherence (this can be lower or higher  
than 100%)

During the 2-weeks homebased exercise program

Performance-based  
physical functioning

TUG Measured the time it takes a patient to rise from an armchair  
(seat height of 46cm), walk 3m, turn, and return to sitting  
in the same chair without physical assistance

Instruction: Walk safely, but as fast as you can. 
The outcome was the time needed in seconds.

1-2 weeks preoperative

3 days postoperative

2 weeks postoperative

6 weeks postoperative

3 months postoperative

Performance-based  
physical functioning

2MWT Measured walking speed Instruction: Walk as many metres as possible in two minutes. 
Patients are allowed to use a walking aid. 
The outcome was the distance in metres.

1-2 weeks preoperative

3 days postoperative

2 weeks postoperative

6 weeks postoperative

3 months postoperative

Self-reported physical  
functioning

KOOS Assessed function over the previous week The KOOS consisted of five subscales: Pain, symptoms,  
activities of daily living, activities in sports and leisure,  
knee-related quality of life. 
 
Answers were given using a Likert scale ranging from 0 to 4.  
A normalised score (100 indicated no symptoms and 0  
indicated extreme symptoms) was calculated for each subscale.

1-2 weeks preoperative

3 days postoperative

2 weeks postoperative

6 weeks postoperative

3 months postoperative 

1 year postoperative

Quality of life SF-36 Assessed quality of life The SF-36 consisted of 36 questions that measured eight 
domains of quality of life: vitality, physical functioning,  
bodily pain, general health perceptions, physical role  
functioning, emotional role functioning, social role 
functioning and mental health. 
 
The results of the eight domains were combined into 
two summary scores: PCS and MCS.

1-2 weeks preoperative

3 days postoperative

2 weeks postoperative

6 weeks postoperative

3 months postoperative 

1 year postoperative

Adherence to the home-based 
exercise program

accelerometer Measured adherence to the home-based exercise program The accelerometer was only used by the patients in the 
intervention group. The activity level per day in counts  
per minute was compared to the reference activity line  
per day in counts per minute to calculate the percentage  
of adherence (this can be lower or higher than 100%)

During the home-based exercise program

Healthcare use Healthcare use Assessed healthcare use during one year Healthcare use included all kinds of healthcare consumed  
by the patient in relation to the TKA surgery beginning  
at the moment of surgery up to one year postoperatively.  
It included physiotherapy, hospital visits, visits of the general 
practitioner and medication use

During the period up to one year after surgery

cm=centimetre; KOOS=Knee Injury and Osteoarthritis Outcome Score; m=metre; MCS=Mental Component Score; PCS=Physical Component Score; 
SF-36=Short-Form-36; TUG=Timed Up and Go; 2MWT=2 Minutes’ Walk Test
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I started this thesis to realise a more effective use of physiotherapy treatment after Total Knee 
Arthroplasty (TKA) surgery. The aim of this thesis was to get insight in factors influencing long-
term recovery after TKA, to get insight in recovery trajectories and the use of additional physio-
therapy in patients with a favourable prognosis and furthermore to evaluate the effectiveness 
of an activity coaching system added to a home-based exercise program in patients after TKA. 
In this chapter I reflect on the main findings and discuss the impact of the findings for patient 
selection for TKA procedures and the value of physiotherapy. This chapter ends with implications 
for patients, physiotherapists, further research and policy makers.
 

Main findings

Our systematic review (chapter 2) on prognostic factors related to long-term outcomes after TKA 
showed very low-quality evidence that a higher level of preoperative pain, presence of social  
support, absence of anxiety and presence of more radiographic damage are prognostic factors for  
lower pain levels after TKA at one year. There is very low-quality evidence that low preoperative 
physical function, less comorbidity, absence of anxiety, presence of social support, higher income,  
normal Body Mass Index (BMI) and more radiographic damage are prognostic factors for better 
physical function. There is very low-quality evidence that female sex and less comorbidity are 
prognostic factors for better quality of life. Taken together, it can cautiously be concluded that  
patients with more pain, lower physical function and more radiographic damage may benefit  
most from TKA if other comorbidities and anxiety are absent and social support is present.  
Recent studies confirmed these prognostic factors.(1,2) Because all included studies used recovery  
points instead of recovery trajectories, we investigated recovery trajectories in our next study 
(chapter 3). Recovery trajectories might be more valuable than a single end-point, to predict  
adequately how an individual patient is likely to recover.(3) Using a cohort of patients with a favou-
rable prognosis after TKA following a high-intensity program we found that physical function  
as measured by the Timed Up and Go (TUG) showed three trajectories: 'gain group' (98%),  
'moderate gain group' (1%) and 'slow gain group' (1%), while the self-perceived knee function as 
measured by the Knee Injury and Osteoarthritis Outcome Score (KOOS) showed two trajectories: 
'gain group' (39%) and 'moderate gain group' (61%). 
The self perceived pain profile measured with Visual Analogue Scale (VAS)-pain showed three 
trajectories: 'no/very little pain' (69%), 'normal decrease of pain' (22%) and 'sustained pain' (9%). 
These data show a prosperous outcome in a large group of patients. 
Because most patients showed positive outcomes at the end of the 10-day rehabilitation program,  
we expected that these patients would need less physiotherapy coaching in the period of 12 
months after this training program. An interview and survey study showed, however, that resi-
dual complaints, expectation that physical fitness could be improved by physiotherapy and 
preferring to be supervised by a healthcare care professional were reasons to continue physio-
therapy treatment. In contrast to this, patients who refrained from further physiotherapy were 
self-confident that they could do the exercises by themselves. Apparently, patients were aware 
that doing exercises is important to further recovery. We hypothesized that, if patients are facili-
tated by the physiotherapist to do the exercises by themselves at home directly after surgery, this 
will increase self-confidence to be able to do exercises at your own. Therefore, a physiotherapy 
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program should not only focus on physical factors, but also on self-management capacities.  
We tested the effectiveness of an activity coaching system in patients with a favourable prog nosis 
who followed a home-based exercise program. In this program the physiotherapist provided  
knowledge about the expected recovery, explained the important role of doing exercises and 
was available for questions or a visit when needed. The study protocol for this randomized con-
trolled trial (RCT) is described in chapter 5. Our RCT (chapter 6) showed that the adherence to a 
home-based exercise program did not increase by adding an activity coaching system (feedback 
using an accelerometer-based activity sensor), both adherence and physical functioning were 
adequate in both the intervention and control group. 
In this last study it appeared that knowledge about recovery after TKA and an adequately tailored  
physiotherapy program after surgery in patients with a favourable prognosis can facilitate 
self-management, with favourable outcomes and satisfaction in these patients after TKA. Satis-
faction after TKA is influenced by realistic expectations before they have surgery.(4) 

Patient selection for TKA procedure
 
Predicting recovery after TKA is important to selecting the adequate patients for TKA surgery.(5) 
Realistic expectations improve patient satisfaction after TKA.(6) Our systematic review showed 
only low-quality evidence for a small number of prognostic factors so an accurate prediction in 
individual patients is currently not available. A high preoperative pain score, low preoperative 
physical function and absence of psychological distress were predictors for better postoperative 
outcomes.(7) More preoperative damage on the radiographs also leads to a better outcome in 
TKA patients.(1,7) 
These inversed relationships between radiographic severity of the osteoarthritis (more radio-
graphic damage) and postoperative outcome (better outcome) could be explained by the fact 
that the pain and disability in patients with mild osteoarthritis (OA) were not caused by marked 
severity of joint damage.(1)
Causes were other joint problems in hip or low back or other factors, such as abnormality of pain 
physiology (8) or a tendency towards more central sensitization.(9) Another explanation is the 
presence of synovitis, which increases the responsiveness of peripheral nociceptive neurons. This 
leads to heightened pain sensitivity and thereby increased pain experience.(10) Therefore, the 
indication for TKA and thus patient selection is very important. No clear guidelines exist for the  
indication of TKA,(5,11) but there is consensus among Dutch orthopaedic surgeons to give an  
indication for TKA surgery for patients with ‘enough pain’, radiological damage and loss of physical  
functioning, (5) provided that other stepped care strategies, such as muscle strengthening exer-
cises, exercises to increase aerobic capacity, ambulatory training, functional exercises, medication,  
weight loss, physiotherapy, education and intra-articular injections have failed.(12) 
Moreover, we propose that assessment of patients’ expectations of TKA surgery is very important. 
A mismatch between expectations of the patient and expected outcomes based on prognostic  
factors should be recognized and discussed by the orthopaedic surgeon or physiotherapist before  
considering TKA surgery.(5) A method for optimizing expectations of the patient and thereby  
selecting patients adequately for TKA surgery is shared decision-making.(13) Shared decision- 
making should focus on patient knowledge about the recovery trajectory and the expected  
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outcome and their own role in the recovery trajectory. This will increase satisfaction and reduce de-
cision conflicts regarding treatment options.(14,15) Meaning that pre-surgery patients should be  
informed about all aspects of the stepped care process and only if favourable results are expected 
after TKA, surgery is indicated.(16,17)
To inform patients about their expected recovery, a 'people-like-me' approach is valuable.(18) 
'People-like-me' reference charts can be developed, generated with all outcome data, to provide 
real-time information on an individual’s expectation of recovery relative to similar people. Similar 
people can be detected based on (almost) the same patient factors and prognostic factors as the 
individual patient.(18) Mainly, available evidence about recovery is based on populations rather 
than individuals. Recent insights show that an individual based approach is very useful in predic-
ting outcome.(3) 
In the 'people-like-me' approach an individual patient is only compared with patients who have the  
same prognostic factors for outcome, such as age, sex, preoperative pain and physical function, 
radiographic damage etc. This is promising in providing a better estimate of the expected reco-
very. 
Latent Class Growth Analysis (LCGA) is a promising statistical method to predict individual  
recovery after TKA with recovery trajectories.(19) Our study was done in patients with a favourable  
prognosis. A prediction and monitoring of the recovery of an individual patient enables the 
physiotherapist and patient to anticipate the course of the recovery and to timely detect indivi-
dual deviations of the expected recovery based on 'people-like-me'. This can be used to tailor and 
adjust a physiotherapy program in time if necessary.(18) 
The recovery trajectories (chapter 3) showed that most recovery takes place in the first weeks 
after TKA. This is also shown in other studies looking at recovery points after TKA. these studies 
showed that outcomes improved with 50% in the first six weeks and thereafter the recovery  
flattens out.(20,21) Two studies looking at recovery trajectories in patients after TKA showed 
the same results.(22,23) Both found three recovery trajectories comparable to our trajectories.  
Dowsey et al studied the trajectories over five years, with no follow-up measurements during the 
first year.(22) Based on the comparable trajectories and the little improvement in outcome one 
year after surgery (20) we expect that our patients will follow the same trajectories over the next 
years. Van Egmond et al recently showed also comparable recovery trajectories in all patients  
after TKA surgery registered in the Dutch ‘Landelijke Registratie Orthopedische Implantaten’ 
(LROI) (Dutch Registration Orthopaedic Implants) ('high raisers', 'gradual progressors' and 'non- 
responders'). They found more patients in the 'non- responders' group and less in the 'high raisers'  
group than in our study which can be explained through our patient selection based on a  
favourable outcome.(23) This is also in line with the results of the qualitative study which  
showed that the small number of patients who did not recover adequately after a high-intensity 
program were at risk to show equally an inadequate recovery after one year, even though most 
of them were coached by a physiotherapist. And most patients with a favourable recovery after 
a high-intensity physiotherapy program did show an adequate recovery after one year regard-
less of additional physiotherapy sessions. This results in the question: What is the added value of 
physiotherapy programs after TKA? 
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Value of physiotherapy

Postoperative physiotherapy during 12 months after TKA surgery is routine care in the Nether-
lands.(24) Almost all patients after TKA are referred to the physiotherapist postoperatively. This is 
supported by the reimbursement of physiotherapy sessions after TKA. All patients are eligible for 
receiving reimbursement till one year after surgery for all physiotherapy sessions, with exception 
of the first 20 sessions. The first 20 sessions are often (partly) reimbursed depending on their  
additional insurance. Preoperative physiotherapy before TKA surgery is less common and also not 
reimbursed by insurance, which hinders the referral of patients. The national Dutch physiothera-
py guideline (24) recommends preoperative education or physiotherapy if there is a need for  
information, advice and instruction to benefit activities in daily living or if a need for insight into  
the impact of a TKA surgery or course of the recovery exists. However, in the Dutch orthopaedic  
guideline (NOV guideline Total Knee Prosthesis) (25) this is not specifically recommended and in  
most cases the orthopaedic surgeon has to make a referral for a preoperative physiotherapeutic  
intake. The national Dutch physiotherapy guideline (24) advises postoperative physiotherapy  
after TKA for patients with impairments in activities of daily living, problems with exercise  
adherence and/or the need for support to obtain sufficient physical activity. These advices are 
based on a systematic review, which showed that physiotherapy is effective in the short term to 
increase physical functioning.(26) 
In the long term, physiotherapy was not associated with improvement of physical functioning 
anymore,(26) which is comparable to our findings. The review included 18 studies in which  
patients were randomised; 11 studies compared different physiotherapy interventions and in  
seven studies physiotherapy and no intervention were compared.(26) The results showed that  
all patients improved after surgery. The conclusions need to be interpreted with caution  
because patients in the control groups were free to choose or seek physiotherapy treatment  
additional to what they received in their allocated group even if they were allocated for no  
intervention. As result the contrast between groups was threatened, because about 25%  
of the patients in the control group reported some physiotherapy treatments.(26,27) 
A TKA is an effective intervention in reducing pain and improving physical function after TKA.
(20,22) It is imperative to know which factors determine the progress made after TKA surgery 
combined with physiotherapy sessions: How much is known about the natural history of reco-
very after TKA? It seems plausible that improvement after TKA depends mainly on the natural 
recovery course after receiving a new well-functioning Total Knee Prosthesis and not (partly) 
on the physiotherapy interventions.(23,28) Our cohort study showed indeed that the majority  
recovery took place in the first period after TKA (chapter 3). This was confirmed in the qualitative 
study which showed that patients who recovered adequately after one year, already reported 
sufficient recovery after two weeks (chapter 4). Similarly, the few patients who reported not to 
recover adequately after two weeks, were also insufficient recovered after one year, despite their 
intensive physiotherapy guidance.(29) Therefore it is important to avoid routinely use of physio-
therapy and to indicate physiotherapy based on patient needs, for instance in frail patients,  
patients with anxiety or patients with insufficient social support and self-confidence.(7) They 
must have the opportunity to use additive physiotherapy, mainly for a short period. Our quali-
tative study (chapter 4) showed that the most principal reasons for continuing with physiotherapy  
treatment were residual complaints, the expectation that physical fitness could be improved and 
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a preference to be supervised by a healthcare professional.(29) The adequate recovery point for 
refraining from or finishing physiotherapy treatment is not only determined by physical status 
but also by the level of self-confidence patients experienced in exercising on their own.(29) Exer-
cise adherence is pivotal in recovery after TKA.(30,31) However, improving exercise adherence 
remains a challenge.(32,33) Moreover, patients experience difficulties in being physically active 
and physical activity does not always increase after TKA.(34) Patients should be encouraged to be 
more physically active, herein lies a role for the physiotherapist.(34,35)  

A focus group discussion with  patients one year after TKA surgery showed that patients who take 
an active role in their rehabilitation are more satisfied and report better outcomes after TKA.(36) 
With the predicted raise of the number of TKA procedures in the future,(37) it is highly relevant 
that the most (cost)effective physiotherapy program is available for each individual patient.  
To improve the cost-effectiveness of postoperative physiotherapy programs, it is necessary to 
provide physiotherapists with practical tools that will help them to discuss self-management 
possibilities with their patients in a more adequate way.(38,39) Furthermore, criteria for choosing 
a postoperative physiotherapy program should not only focus on physical factors, but also on 
self-management capacity regarding staying active and exercise adherence.(40) Patients need 
to be informed about the natural course of recovery and trained to be self-confident enough 
to manage their own process. Discussing the goals of physiotherapy programs as well as the  
patients' own expectations of postoperative physiotherapy programs could possibly lead to  
better self-management and thus indirectly to better (long-term) outcomes.(14,15) This could 
be an opportunity to further optimise outcome after TKA. The use of telerehabilitation or super-
vision from a more affordable health care professional, such as fitness instructor, may also be  
ways to optimize exercise adherence and reduce costs. Moreover, home-based exercise programs 
are cost-effective in optimizing outcome after TKA in patients with a favourable prognosis (41) 
and in more heterogenous patients after TKA.(42)
Our study (chapter 5 and 6) showed no added value of an activity coaching system in improving  
exercise adherence and outcome in patients after TKA who followed a home-based exercise  
program. However, the exercise adherence in both groups was high. Apparently supervision and 
feedback by the physiotherapist during the program improved exercise adherence independent 
of the activity coaching system.(43,44) The participating patients in both groups filled out an 
activity diary which also stimulated awareness and reminders to exercise.(45) Another explana-
tion for the adequate exercise adherence in our study is that patients were selected based on a 
favourable prognosis. A systematic review in adults >65 years showed that exercise adherence  
is associated with patient factors: The better the health status, the better the exercise  
adherence.(46) Demographic factors (higher socioeconomic status, living alone), health status  
(fewer health conditions, better self-rated health, taking fewer medications), physical factors  
(better physical abilities) and psychological factors (better cognitive ability, fewer depressive  
symptoms) were associated with better exercise adherence.(46) It is not known whether this also 
applies for patients after TKA. 
We included patients from Medical Spectrum Twente and about 20% of all patients scheduled 
for TKA surgery were included in our studies based on a favourable prognosis. We could have 
selected more patients based on a favourable prognosis, however not all patients wanted to par-
ticipate in high-intensity physiotherapy programs, because of different reasons such as feeling 
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connected to their own physiotherapist or preferring to do exercises without assistance of the 
physiotherapist. There was also a relatively large group of patients with a less favourable prognosis  
who were referred to the physiotherapist, because it was expected they needed more intense 
coaching and guidance for longer duration. For this more severe group the content and load of 
the physiotherapy programs needs further research. 

We expect that increased attention for maladaptive motor behaviour (undesired movement  
patterns like a 'stiff knee gait') (47) and better focus on increasing daily activity levels and self- 
management can increase effectiveness, as shown in other programs to increase physical  
activity in daily life like the 'Coach2Move' approach.(48) Further research should be done to the  
effective ness of physiotherapy in all patients after TKA with different recovery trajectories  
including research on exercise adherence. 
 

Implications

IMPLICATIONS FOR PATIENTS
Assessment of patients’ expectations of TKA surgery is very important.(49) If a possible mismatch 
exists between expectations of the patient, orthopaedic surgeon and physiotherapist, expecta-
tions should be discussed before considering TKA surgery.(50) The importance of exercise adhe-
rence and being physically active should also be taken into account. With an adequate exercise 
adherence the chance on a favourable outcome increases.(45) Patients should be informed on 
what they can expect of the TKA surgery based on their own profile and should be informed on 
what they should do themselves. There should be more emphasis on the different postoperative 
rehabilitation possibilities such as intensive exercise programs, home-based programs and gui-
dance from cheaper professionals.(51) Moreover, patients must realise that their own physical 
fitness and exercise adherence is considerably affecting the outcome.

IMPLICATIONS FOR PHYSIOTHERAPISTS
A preoperative shared decision-making process optimizes realistic expectations and can thereby  
optimize outcome.(53,54) The decision made in the shared decision-making process towards TKA 
surgery is strictly between the patient and the orthopaedic surgeon. However in the stepped  
care model dedicated physiotherapy plays an important role in treating osteoarthritis of the 
knee.(16) Patients need to be informed about the stepped care options and if other options  
failed, the benefits and disadvantages of TKA surgery must be discussed. Only when other  
stepped care strategies have failed a referral to the orthopaedic surgeon is indicated to inform 
about the benefits and disadvantages of TKA surgery.(54) Once the decision to undergo TKA  
surgery has been made, the focus should be broader: How to prepare for surgery and how to 
recover after surgery.(51) In the preoperative shared decision-making process an intensive  
collaboration between the orthopaedic surgeon and the physiotherapist is necessary. For this 
process a dedicated osteoarthritis network is useful. 
Similar networks are known in the Netherlands in other patient populations, such as Parkinson-
NET (55) and Chronisch Zorg Net.(56) In these networks quality is guaranteed by mandatory  
training for the professionals. Because of that dedicated physiotherapists have knowledge of the 
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stepped care options in patients with knee osteoarthritis and of functional recovery after TKA 
surgery. 
In the shared decision-making process, all influencing factors related to the recovery process 
need to be weighted, including physiotherapy treatment, the physical condition, the physical 
activity level, exercise adherence, self-management and self-confidence, financial consequences, 
and options to receive support from the social network or more affordable health care profes-
sionals or telerehabilitation technologies. By discussing and exploring the patients’ needs and 
capacities, choices can be made fitted to the preferences of the patient.(57)
The preoperative intake aims to get realistic expectations and to determine an adequate  
tailored homework or physiotherapy program to facilitate recovery in physical function and 
to increase the self-management capacity of the patient. To prepare for surgery and recovery  
thereafter, atten tion can be paid to walking using walking aids and preoperative exercises if  
necessary.(24) 
In the postoperative physiotherapy program, attention must be paid to physical function, but 
certainly also to self-management skills and social support. The improvement of the patient 
should be properly monitored and if there is insufficient progress it is important to determine the 
cause of the delayed progress, such as physical complications like an infection,(58) stiffness,(58)  
excessive pain,(8) instability,(59) malposition,(60) the presence of maladaptive motor behaviour 
based on a subjective assessment of the way movements are performed (47,61) or anxiety.(62) 
For each cause of delayed progress, an individual solution should be taken into account together 
with the orthopaedic surgeon. 
Moreover, refraining from further intensive physiotherapy sessions should be considered if this 
is of no added value, whereby the physiotherapists’ role as coach (63) is important in guiding the 
recovery so that patients do not feel the need to engage in medical shopping.(64) Under those 
circumstances low frequency physiotherapy sessions are recommended.

 
IMPLICATIONS FOR FURTHER RESEARCH

Recovery
With the predicted numbers of TKA procedures in the future,(37) it is highly relevant to research 
recovery trajectories and outcomes in the total population of patients considered for TKA surgery  
and not only in patients with a favourable prognosis. This can result in a more adequate indica-
tion for TKA surgery and a more tailored postoperative physiotherapy program in patients with 
knee osteoarthritis scheduled for TKA surgery, which optimizes outcome after TKA. Sampling 
anonymous data in clinical practice in national health databases like the LROI (65) or LDF (66)  
in the Netherlands would facilitate such ‘patients-like me’ approaches in research and clinical 
practice.(67) 
In these registries longitudinal data can be sampled from recovery trajectories of all individual  
patients after TKA, so that a ‘patient like me’ expected recovery can be presented. Treatment  
results of the physiotherapy treatment can be used to research the added value of physiotherapy 
in general and especially for patients after TKA with different recovery trajectories.
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Physiotherapy
Further research to the added value and the optimal content and duration of physiotherapy  
guidance in individual patients after high-intensity physiotherapy programs should be done. 
Possibly some patients need more time to recover after TKA and a number of patients may not 
recover further beyond the first three months after TKA.(23)
A next step is informing patients about the effectiveness of prolonged physiotherapy and to  
refrain from further physiotherapy if this is of no added value. 

IMPLICATIONS FOR POLICY MAKERS

At this moment the costs for physiotherapy treatment after TKA are reimbursed for one year  
after TKA and this elicits that patients expect and believe that they need physiotherapy sessions. 
Nevertheless, not all patients with a favourable prognosis need physiotherapy sessions for one 
year and for patients with a less favourable prognosis it is questionable if the effect of long-term 
physiotherapy has additive value. This needs to be investigated in practice. The reimbursement 
system in the Netherlands should be changed to optimize outcome and cost-effectiveness after 
TKA. The reimbursement should be coupled to expected recovery trajectories based on patient 
profiles.(68) Per recovery trajectory an adequate reimbursement should be given, whereby the 
focus lies on intensive reimbursement in the first recovery phase to optimize exercise adherence 
and improve physical function and the reimbursement after a couple of months is only given in  
patients where an additional improvement as a result of further physiotherapy sessions is expected.  
Also, there should be a reimbursement for the physiotherapy for its role in the preoperative  
shared decision-making process to optimize outcomes.

In conclusion, there is still debate about the effectiveness of physiotherapy in patients with a 
favourable prognosis after TKA surgery. Insight in individual expected recovery based on prog-
nostic factors, recovery trajectories and patient characteristics is necessary to optimize outcome 
after TKA. In the treatment of osteoarthritis of the knee a preoperative stepped care program 
with physiotherapy is obligate. A preoperative shared decision-making process is necessary to 
demonstrate if an indication for TKA surgery is needed and whether an indication for a tailored 
physiotherapy program, considering both physical function and exercise adherence, is benefi-
cial. To optimize this process dedicated osteoarthritis networks should be established between 
physiotherapists, general practitioners, orthopaedic surgeons and rheumatologists.
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Summary

BACKGROUND
Due to ageing factors, the amount of Total Knee Arthroplasty (TKA) procedures is accumulating.  
Annually, in the Netherlands about 26.000 TKA procedures are performed. About 20% of the  
patients is dissatisfied after TKA surgery, most often driven by poor recovery of physical function  
or keeping pain. Other hypotheses for dissatisfaction after TKA are associated with too high  
patient expectations or insufficient preoperative information of the importance of rehabilitation  
after TKA. Due to the increasing number of TKA patients the economic burden increases and  
because the results after TKA vary between patients, it is important to get insight into the factors 
 influencing the long-term outcome. Due to the shortened hospital stay the post-clinical physio-
therapy programs after TKA seem to be more and more important. We hypothesize that patients  
with a favourable recovery trajectory need less intensive physiotherapy support after TKA.  
The effective ness of physiotherapy exercise programs possibly depends on the adherence to  
the exercise program. Therefore improving exercise adherence is necessary to improve the effec-
tiveness of postoperative physiotherapy programs and thereby the outcome after TKA procedure.  
A potential method for improving adherence without supervision is the use of telerehabilitation 
technologies.

AIM OF THE THESIS
The aim of this thesis was to get insight in factors influencing long-term recovery after TKA, to get  
insight in recovery trajectories and the use of additional physiotherapy in patients with a favou-
rable prognosis and furthermore to evaluate the effectiveness of an activity coaching system 
added to a home-based exercise program in patients after TKA.

OUTLINE OF THE THESIS
In Chapter 1 we started with the presentation of the epidemiology, pathology and treatment 
options of knee osteoarthritis. Thereafter the epidemiology of a TKA, recovery after TKA and the 
possibilities of postoperative physiotherapy after TKA were described. The gaps in knowledge 
concerning recovery after TKA, the postoperative physiotherapy treatment in patients with a  
favourable prognosis and the aims of this thesis to generate additive insight were mentioned.  
At the end of the chapter, the research questions and structure of this thesis were presented.
In Chapter 2 we searched for the preoperative prognostic factors predicting outcomes for pain, 
physical function and quality of life after TKA one year or more after surgery. A systematic review 
was conducted. 
A study was considered for inclusion if the study aimed to identify preoperative prognostic  
factors for pain, physical function and/or quality of life after a follow-up period of at least one year, 
included at least 200 adults suffering from osteoarthritis and undergoing TKA and analysed data 
using multivariable modelling. The quality of evidence per prognostic factor was determined  
using the GRADE framework for prognostic studies. Eighteen studies were included. There was 
very low-quality evidence that preoperative more pain, presence of social support, absence of 
anxiety and presence of more radiographic damage are prognostic factors for lower pain levels 
after TKA. There was very low-quality evidence that low preoperative physical function, less 
comor bidity, absence of anxiety, presence of social support, higher income, normal BMI and 
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more radiographic damage are prognostic factors for better physical function. There was very 
low-quality evidence that female sex and less comorbidity are prognostic factors for better qua-
lity of life. We concluded that it might be more valuable to look at recovery curves rather than at 
recovery points.
Therefore, in Chapter 3 recovery trajectories for performance-based en self-reported physical  
function and pain the first six weeks in patients after TKA with a favourable prognosis were studied.  
The association of these trajectories with one year outcomes was explored. In this prospective  
longitudinal cohort study, 218 patients were included with the following measurement time  
points: Preopera tive, and at three days, two and six weeks, and one year post-surgery. Outcome  
measures were performance based physical functioning (Timed Up and Go [TUG]), self- 
reported physical functio ning (Knee Injury and Osteoarthritis Outcome Score-Activities 
of Daily Living [KOOS-ADL]) and pain (Visual Analogue Scale [VAS]). Latent Class Analysis  
was used to distinguish classes based on recovery trajectories over the first six weeks  
post operatively. Multivariable regression analyses were used to identify associations between  
classes and one year outcomes. TUG showed three classes: 'gain group' (n=203), 'moderate gain  
group' (n=8) and 'slow gain group' (n=7), KOOS showed two classes: 'gain group' (n=86) and 
'moderate gain group' (n=132), and VAS-pain three classes: 'no/very little pain' (n=151), 'normal  
decrease of pain' (n=48) and 'sustained pain' (n=19). The 'low gain group' scored 3.31 [95% CI 1.52,  
5.09] seconds less on the TUG than the 'moderate gain group' and the KOOS 'gain group' scored 
11.97 [95% CI 8.62, 15.33] points better than the 'moderate gain group' after one year.
Patients who had an early trajectory of 'sustained pain' had less chance to become free of pain at 
one year than those who reported 'no or little pain' (odds ratio 0.11 [95% CI 0.03,0.42]). 
We hypothesized that patients after TKA with a favourable prognosis need less intensive physio-
therapy support after TKA. 
In Chapter 4 we searched for the expectations of a TKA and the reasons for patients to continue 
physiotherapy treatment after TKA. Fifteen patients participated in semi-structured interviews. 
A deducted thematic analysis of those semi-structured interviews was used to develop a survey, 
which was sent to the total cohort of 60 patients. Logistic regression models were estimated 
to determine which factors were associated with the continuation of physiotherapy treatment 
and (not) following the given advice. Four themes were identified from the semi-structured  
interviews: 1) confidence of independent recovery; 2) experiencing residual complaints; 3) ex-
pecting further improvement of physical fitness; and 4) preferring to be supervised by a health-
care professional. These themes were covered by 14 items in the survey. In total, 55 out of 60 
patients in the total year cohort completed the survey. Out of 36 patients, 34 continued with 
physio therapy treatment despite an adequate level of recovery. Five out of 19 patients, who 
were advised to continue with physiotherapy refrained. Advice to continue with physiotherapy  
treatment was followed more often than advice to refrain from physiotherapy treatment  
(OR 0.09; 95% CI 0.01–0.85). Reasons for continuing with physiotherapy treatment were residual 
complaints, the expectation that their physical fitness could be improved and preferring to be 
supervised by a health care professional. In contrast, patients who refrained from physiotherapy, 
despite being advised to continue, were self-confident that they could do exercises by them-
selves. We concluded that it would be helpful to focus on self-management skills during the 
high-intensity physiotherapy program following TKA. 
 

8
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To improve self-management capacity of patients the use of telemedicine together with a home-
based exercise program could be a solution. Home-based exercise programs are effective after 
TKA. We hypothesized that the effectiveness can be improved by improving exercise adherence. 
Chapter 5 presented a study protocol for a home-based exercise program in patients after TKA 
with a favourable prognosis. The objective of this study was to determine the effectiveness of 
an activity coaching system in addition to a home-based exercise program after TKA compared  
to only the home-based exercise program on adherence and physical function. This study was a 
single-blinded randomized controlled trial. Both the intervention and the control group received  
a two-week home-based exercise program, and the intervention group received an addi-
tional activity coaching system. This is a hand-held electronic device together with an app 
on a smartphone providing information and advice on exercise behaviour during the day. 
The primary outcome was physical functioning, measured with the TUG after three days,  
two weeks, six weeks and three months. Secondary outcomes were 1) adherence to the activity  
level (activity diary); 2) physical functioning, measured with the 2-Minute Walk Test (2MWT) and 
the KOOS; 3) quality of life (SF-36); 4) healthcare use up to one year postoperatively and 5) cost- 
effectiveness. Data were collected preoperatively, three days, two and six weeks, three months 
and one year postoperatively.
In Chapter 6 the results of the before mentioned RCT were presented. In total 66 patients were  
included, 32 patients in the intervention group and 34 patients in the control group. The adherence  
to the activity level in both the control and intervention group was above the recommended 
activity time. There was no statistical significant difference between the intervention and control  
group in any of the outcomes or healthcare costs. The accelerometer showed a significantly 
higher activity level compared to the activity diary. Adherence to and outcomes of a home-based 
exercise program did not increase by adding an activity coaching system. An activity diary is a 
valid clinical choice to measure adherence, because the difference between the activity diary and 
the accelerometer was small and related to small activities not registered in the diary like getting 
a cup of coffee or walking to open a door.  
In Chapter 7 we first presented the main results, then we discussed the findings in relation to 
other research. Finally, we considered the practical implications of our study for patients, physio-
therapists, policy makers and future research directions. 
Adequate selection of patients for TKA surgery is important to improve outcome after TKA.  
No clear guidelines exist for the indication of TKA, but there is consensus in Dutch orthopaedic 
surgeons to give an indication for TKA surgery for patients with ‘enough pain’, radiological damage  
and loss of physical functioning, provided that other stepped care strategies failed. Moreover, 
adequate patient expectations are important to improve outcome after TKA. To optimize patient 
expectations a structured shared decision-making process can be used. To inform patients about 
their expected recovery a 'people-like-me' approach is valuable. Latent Class Growth Analysis 
(LCGA) is a promising analyse to determine individual recovery. An adequate prediction of the  
recovery enables the physiotherapist and patient to anticipate the course of the recovery by 
deter mining a tailored physiotherapy program. 
There is uncertainty about the effectiveness of physiotherapy in patients after TKA with a favou-
rable prognosis. The natural history as well as the effectiveness of physiotherapy both could  
explain the recovery.
Despite the lack of evidence about the effectiveness of physiotherapy after TKA in patients with  
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a favourable prognosis, patients are grateful to use it. Reasons for patients to use additional 
physiotherapy sessions after TKA were experiencing residual complaints, expecting further  
improvement of physical fitness and lack of self-management capacities. Therefore, a preopera-
tive shared decision-making process between patients and dedicated physiotherapists should 
take place. A preoperative shared decision-making process should include the expected recovery,  
physical fitness, exercise adherence, self-management capacities, expected physiotherapy  
program, financial consequences and options to use more affordable resources such as digital 
technologies. Healthcare insurances should facilitate this preoperative intake. 
The postoperative physiotherapy program should include physical fitness, self-management  
capacities and exercise adherence. 
If there is a delayed recovery an individual solution must be found to optimize recovery. More-
over, the additive value of more physiotherapy sessions should be considered. Therefore, further  
research should include the additive value, content and duration of physiotherapy in all patients 
after TKA. In national health databases longitudinal data can be sampled from recovery trajec-
tories of all individual patients after TKA so that a 'patient like me' expected recovery can be 
presented. Then, preoperative an adequate physiotherapy program can be chosen to optimize 
outcome after TKA surgery. In research to the effectiveness of physiotherapy after TKA exercise 
adherence should always be an outcome measure, because improvement of physical function  
is largely correlated to exercise adherence of the patient. Success always depends on an accurate 
preparation and without that preparation failure is a fact (Confucius 551 v C. – 479 v. C.). This  
certainly also applies to the success after a TKA surgery!

8
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Samenvatting

ACHTERGROND
Het aantal mensen dat de komende jaren een Totale Knie Prothese (TKP) zal ontvangen stijgt, 
mede door demografische ontwikkelingen. In Nederland worden jaarlijks ongeveer 26.000 TKP 
operaties verricht. Ongeveer 20% van de patiënten is ontevreden een jaar na een TKP operatie, 
in de meeste gevallen veroorzaakt door nog steeds bestaande slechte fysieke functie of pijn.  
Andere hypotheses voor ontevredenheid na een TKP operatie zijn geassocieerd met te hoge 
patiënt verwachtingen of onvoldoende adequate preoperatieve voorlichting over het belang van  
revalidatie na een TKP. Het is belangrijk om inzicht te krijgen in de factoren die de lange termijn  
uitkomst bepalen. Door de steeds kortere ziekenhuisopname na een TKP operatie worden post- 
klinische fysiotherapie programma’s steeds belangrijker. Wij hebben de hypothese dat patiënten 
met een gunstige prognose minder intensieve begeleiding van de fysiotherapeut nodig hebben na 
een TKP operatie. De effectiviteit van fysiotherapeutische oefenprogramma’s hangt waarschijnlijk  
af van de therapietrouw met betrekking tot het oefenprogramma. Het is daarom noodzakelijk 
dat de therapietrouw geoptimaliseerd wordt, zodat de effectiviteit van postoperatieve fysio- 
therapieprogramma’s verbetert en hierdoor ook de uitkomst na een TKP verbetert. Een potentiële  
methode om therapietrouw te verbeteren zonder begeleiding is het gebruik van digitale tech-
nologieën.
 

DOEL VAN DE THESIS
Het doel van dit proefschrift is inzicht krijgen in het herstel bij patiënten met een gunstige prog-
nose na een TKP en het evalueren van het effect van een activiteitencoach bij patiënten met een 
gunstige prognose die een thuisoefenprogramma volgen. 
In hoofdstuk 1 beginnen we met de presentatie van de epidemiologie, pathologie en behandel-
opties van knieartrose. 
Vervolgens gaan we in op de epidemiologie van de TKP, het herstel na een TKP en de mogelijk-
heden van postoperatieve fysiotherapie na TKP. In dit hoofdstuk beschrijven we de wetenschappe-
lijke lacunes omtrent kennis over het herstel na TKP en de meerwaarde van postoperatieve  
fysiotherapie bij patiënten met een gunstige prognose. We gaan in op de doelen van dit proef-
schrift om de kennis rond herstel na TKP te vergroten. Aan het eind van het hoofdstuk presenteren  
we de onderzoeksvragen en eindigen met een overzicht van de inhoud van dit proefschrift. 
In hoofdstuk 2 onderzochten we prognostische factoren prognostische factoren voor herstel na  
een TKP op pijn, fysiek functioneren en kwaliteit van leven. Middels een systematische review  
werden prognostische studies geïncludeerd waarbij werd gekeken naar de uitkomst één jaar  
of langer na het moment van de operatie. Studies werden geïncludeerd als 1) werd gekeken  
naar preoperatieve prognostische factoren voor pijn, fysiek functioneren en/of kwaliteit  
van leven na een follow-up van één jaar; 2) tenminste 200 patiënten werden geïncludeerd  
met artrose die in aanmerking kwamen voor een TKP; 3) data analyse werd gedaan middels  
multivariabele analyse. De kwaliteit van bewijs per prognostische factor werd bepaald middels  
de GRADE methode. Achttien studies werden geïncludeerd. We vonden alleen lage kwaliteit  
van bewijs voor een aantal voorspellende factoren. Er is lage kwaliteit van bewijs voor de  
voorspelling dat er minder pijn is één jaar na TKP voor de volgende factoren: Preoperatief  
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meer pijn, aanwezigheid van sociale support, afwezigheid van angst en aanwezigheid 
van meer radiografische afwijkingen. Er is ook lage kwaliteit van bewijs dat een slechtere  
preoperatieve fysieke functie, minder comorbiditeiten, afwezigheid van angst, aanwezigheid  
van sociale support, hoger inkomen, normaal BMI en meer radiografische afwijkingen  
voorspellende factoren zijn voor een betere fysieke functie één jaar na een TKP operatie.  
Daarnaast vonden we lage kwaliteit van bewijs dat vrouwelijk geslacht en minder  
comorbiditeiten factoren zijn die een betere kwaliteit van leven voorspellen.
De geïncludeerde studies in de systematische review keken allemaal naar herstelpunten in plaats 
van naar hersteltrajecten. Daarom hebben wij in hoofdstuk 3 hersteltrajecten onderzocht voor  
peformance-based en zelfgerapporteerd fysiek functioneren en pijn gedurende de eerste zes  
weken na TKP operatie bij patiënten met een gunstige prognose voor herstel. Daarnaast hebben  
we gekeken of er een associatie was met deze trajecten en de uitkomst na één jaar. In deze pros-
pectieve cohortstudie werden 218 patiënten geïncludeerd waarbij  preoperatief, drie dagen, twee 
weken, zes weken en een jaar postoperatief metingen werden uitgevoerd. Uitkomstmaten waren 
fysiek functioneren (Timed Up and Go (TUG) en Knee Osteoarthritis Outcome Score – Activiteiten  
Dagelijks Leven (KOOS-ADL)) en pijn (Visueel Analoge Schaal (VAS)). Middels Latent Class 
Growth Analysis (LCGA) hebben we verschillende hersteltrajecten geïdentifi ceerd geduren-
de de eerste zes weken na operatie. Multivariabele regressie analyse werd gebruikt om associ-
aties te vinden tussen de hersteltrajecten en uitkomsten na één jaar. De volgende hersteltra-
jecten werden gevonden voor TUG: 'herstel groep' (n=203), 'matig herstel groep', (n=8) en de 
'vertraagd herstel groep' (n=7). De KOOS liet twee hersteltrajecten zien: 'herstel groep' (n=86) 
en de 'matig herstel groep' (n=132) en de VAS liet drie hersteltrajecten zien: 'geen/heel weinig 
pijn' (n=151), 'normale afname van pijn' (n=48) en 'blijvende pijn' (n=19). De 'vertraagd herstel 
groep' scoorde 3.31 [95% BI 1.52, 5.09] seconden lager op de TUG dan de 'matig herstel groep' 
en de KOOS 'herstel groep' scoorde 11.97 [95% BI 8.62, 15.33] punten beter dan de 'matig  
herstel groep' na 1 jaar. Patiënten die 'blijvende pijn' aangeven in de eerste 6 weken, hebben  
minder kans om pijnvrij te worden na 1 jaar dan patiënten die  'geen/heel weinig pijn' aangeven  
in de 6 weken revalidatie (odds ratio 0.11 [95% BI 0.03,0.42]). Deze studie geeft aan dat er ver-
schillende hersteltrajecten bepaald kunnen worden bij patiënten na een TKP met een gunstige  
prognose. 
De verwachting is dat patiënten na een TKP met een gunstige prognose minder fysiotherapie  
behandelingen nodig hebben na een intensief oefenprogramma. In hoofdstuk 4 onderzochten  
we wat de verwachtingen zijn van een TKP en wat de redenen zijn voor patiënten om fysiotherapie  
te blijven gebruiken na een intensief oefenprogramma na TKP operatie. Dit is een studie waarbij 
we 15 semigestructureerde interviews hebben afgenomen. Deze zijn geanalyseerd middels een 
deductieve thematische analyse en gebruikt om een vragenlijst te ontwikkelen. Deze vragen-
lijst is verzonden naar een jaar cohort van 60 patiënten. Logistische regressie modellen zijn  
gebruikt om te bepalen welke factoren geassocieerd zijn met het voortzetten van fysiotherapie-
behandelingen na een 10-daags intensief oefenprogramma na TKP. Van de 60 patiënten vulden 
55 patiënten de vragenlijst in. Redenen voor patiënten om fysiotherapie te continueren waren:  
1)  blijvende klachten; 2) de verwachting dat hun fysieke gezondheid zou kunnen verbeteren;  
3) voorkeur om onder begeleiding van een zorgprofessional te trainen. Patiënten die geen voorkeur 
voor aanvullende fysiotherapiebehandeling hadden, gaven als reden dat ze in staat waren om zelf  
hun oefeningen te doen. Een substantieel deel van de patiënten ging door met fysiotherapie-
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behandelingen ondanks dat dit qua fysieke functie niet noodzakelijk wordt geacht. De mate van 
zelfredzaamheid was een belangrijke factor om wel of geen gebruik te maken van aanvullende 
fysiotherapiebehandelingen ongeacht of het herstel al voldoende was. Daarom concludeerden 
we dat de zelfmanagement capaciteiten van patiënten verbeterd zouden moeten worden.
Om deze zelfmanagement capaciteiten te verbeteren kan gebruik worden gemaakt van digitale  
technologieën in combinatie met een thuisoefenprogramma. Thuisoefenprogramma’s zijn 
effec tief gebleken na een TKP. Wij verwachten dat de effectiviteit vergroot kan worden door de 
therapie trouw ten aanzien van oefeningen te vergroten. 
In hoofdstuk 5 presenteren we een studie protocol voor een thuisoefenprogramma bij patiënten  
na een TKP met een gunstige prognose. We onderzochten hierbij het effect van een activiteiten-
coach op de therapietrouw ten aanzien van oefeningen en we verwachtten door de vergrootte 
therapietrouw een verbeterd fysiek functioneren. Deze studie is ontworpen als een gerandomi-
seerde, gecontroleerde studie. Patiënten in zowel de interventie- als de controlegroep ontvangen  
een thuisoefenprogramma van twee weken. Patiënten in de interventiegroep ontvangen daar-
naast een activiteitencoach welke bestaat uit een accelerometer om activiteit te meten en een 
app op een smartphone welke adviezen geeft om te oefenen gedurende de dag. De primai-
re uitkomstmaten zijn fysiek functioneren gemeten met de TUG en de therapie trouw aan het  
oefenprogramma. Secundaire uitkomstmaten zijn fysiek functioneren gemeten met de KOOS, 
kwaliteit van leven gemeten met de SF-36 en zorgkosten gerelateerd aan de TKP tot een jaar 
postoperatief. Data zijn preoperatief, drie dagen, twee en zes weken en drie maanden post-
operatief verzameld.
In hoofdstuk 6 presenteren we de resultaten van de gerandomiseerde, gecontroleerde studie. 
In totaal werden 66 patiënten geïncludeerd, 32 in de interventiegroep en 34 in de controlegroep. 
Alle geïncludeerde patiënten hebben de studie voltooid op alle meetmomenten. De therapie-
trouw ten aanzien van het activiteitenniveau was zowel in de interventie- als de controlegroep 
meer dan de aanbevolen tijd om actief te zijn. Er was geen statistisch significant verschil tussen  
de interventiegroep en de controlegroep op therapietrouw, de overige uitkomstmaten en zorg-
kosten. De accelerometer toonde een significant hoger activiteitenniveau in vergelijking met 
het activiteitendagboek. De verschillen waren te wijten aan meetverschillen gebaseerd op het  
registreren van kortdurende activiteiten die niet in het dagboek geregistreerd werden (bijvoor-
beeld even koffie halen of de deur openen) en waren niet van verdere betekenis. 
Daarom is een activiteitendagboek een valide klinische keuze om therapietrouw te meten.  
Therapietrouw en andere uitkomstmaten verbeteren niet door het toevoegen van een  
activiteitencoach aan een thuisoefenprogramma bij patiënten met een gunstige prognose na 
een TKP operatie.
In hoofdstuk 7 presenteren we eerst de belangrijkste resultaten, vervolgens bespreken we onze 
bevindingen in relatie tot ander onderzoek en ten slotte hebben we de praktische implicaties 
van onze studies voor patiënten, fysiotherapeuten, toekomstig onderzoek en beleidsmakers 
uiteengezet. De indicatie voor een TKP en de selectie van de juiste patiënten is erg belangrijk 
voor de uitkomst na een TKP. Hiervoor bestaan geen duidelijke richtlijnen, maar er is consensus 
dat patiënten met ‘genoeg pijn’, radiologische afwijkingen en verlies van fysieke functie, waarbij  
andere stepped care strategieën niet hebben geholpen in aanmerking komen voor een TKP.  
Bovendien zijn de patiëntverwachtingen erg belangrijk voor tevredenheid na een TKP. Om de  
patiëntverwachtingen te optimaliseren kan gebruik worden gemaakt van ‘shared decision-  
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making’ processen. Om patiënten te informeren over hun verwachte herstel zouden  
zorgverleners gebruik moeten maken van individuele patiëntverwachtingen. Hersteltrajecten 
gebaseerd op LCGA analyses zijn bruikbaar om individueel herstel te bepalen. Een adequate  
voorspelling van het herstel van een individuele patiënt zorgt ervoor dat fysiotherapeut en  
patiënt kunnen anticiperen op het herstel en een passend fysiotherapieprogramma kunnen  
opstellen indien nodig.
Er is onduidelijkheid over de additionele waarde van fysiotherapie bij patiënten met een gunstige  
prognose na een TKP. Het natuurlijk herstel zou het herstel evengoed kunnen verklaren als het 
effect van de fysiotherapie. Ondanks het gebrek aan bewijs voor de effectiviteit van fysiotherapie 
bij patiënten na een TKP met een gunstige prognose, maken patiënten dankbaar gebruik van 
fysiotherapie.
Redenen voor patiënten om toch naar de fysiotherapeut te gaan na een TKP operatie zijn  
blijvende klachten, de verwachting dat hun fysieke fitheid kan verbeteren en verminderde  
zelf-managementcapaciteiten. Daarom zou bij elke patiënt preoperatief een 'shared decision- 
making' proces moeten worden doorlopen door een gespecialiseerde fysiotherapeut. Hierin  
moet besproken worden wat het verwachte herstel is, zodat reële verwachtingen  
ten aanzien van de TKP ontstaan. Daarnaast moeten de fysieke fitheid, therapie-
trouw, zelfmanagementcapaciteiten, verwachte fysiotherapie programma, financiële  
consequenties en opties om gebruik te maken van bijvoorbeeld digitale technologieën  
besproken worden. Zorgverzekeraars zouden deze preoperatieve intake moeten faciliteren.  
In het postoperatieve fysiotherapieprogramma dienen fysieke fitheid, zelfmanagement-
capaciteiten en therapietrouw centraal te staan. In het geval van vertraagd herstel dient 
een individuele oplossing gevonden te worden om het herstel te verbeteren. Hierbij  
zou overwogen moeten worden of fysiotherapiebehandelingen van toegevoegde waarde  
zijn. Wij bevelen dan ook verder onderzoek aan naar de toegevoegde waarde, inhoud en 
duur van fysiotherapie bij alle patiënten na een TKP. Via de ‘Landelijke Database Fysiotherapie’  
kunnen data op basis van herhaalde metingen verzameld worden over herstel van individuele  
patiënten zodat een ‘patiënt zoals mij’ verwachting van het herstel gepresenteerd kan worden.  
Dan kan vooraf een individueel fysiotherapieprogramma gekozen worden zodat de effectiviteit  
van een TKP operatie kan verbeteren. In onderzoek naar de effectiviteit van fysiotherapie moet  
therapietrouw meegenomen worden als uitkomstmaat omdat verbetering van fysieke functie  
in grote mate afhangt van de therapietrouw van de patiënt. Succes is altijd afhankelijk van een 
nauwkeurige voorbereiding en zonder die voorbereiding is falen een feit (Confucius 551 v C.- 
479 v. C.). Dit geldt zeker ook voor het succes na een TKP operatie! 
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Research data management

1.  The data obtained during my PhD at the Radboud university medical center (Radboudumc),  
have been centrally stored and daily backed-up on the local Radboudumc server. Data was 
additionally backed-up on university servers belonging to the department of IQ healthcare. 
All data archives (view only) are stored on SPSS and R and accessible by the associated senior  
staff members. Published data generated or analysed in this thesis are part of published  
articles and its additional files are available from the associated corresponding authors on  
request. To ensure interpretability of the data, all filenames, primary and secondary data, 
meta data, descriptive files and programme code and scripts used to provide the final results 
are documented along with the data. The audioscripts from the participants of the qualitative 
study have been removed.

2.  The cohort study and RCT presented in this thesis are based on the results of patient studies.  
These were conducted in accordance with the principles of the Declaration of Helsinki.  
The medical ethical review board of the Medisch Spectrum Twente (MST), Enschede,  
The Netherlands, approved the cohort study (KH 13-06) and the RCT (registration number  
P15-09, NL52370.044.15). None of the studies in this thesis were funded. Patients gave 
their informed consent. The data were stored at (H:)Radboudumc/IQHdata/PL Ria Nijhuis/  
Karen Harmelink. All paper data were entered into the computer by using SPSS version 25 
(SPSS Inc., Chicago, Illinois, USA) prior to analyses. The privacy of the participants in our study 
is warranted by use of encrypted and unique individual subject codes. The code was stored  
separately from the study data. The data will be saved for 15 years after termination of the study.  
The datasets used during these studies are available from IQ Healthcare on reasonable  
request.



163

Dankwoord

Het onderwerp fysiotherapie na een Totale Knie Prothese (TKP) heeft mijn grote interesse en  
onderzoek doen vind ik leuk, daarom ben ik vol enthousiasme dit promotieonderzoek aan-
gegaan. Een promotietraject uitvoeren naast mijn werk als fysiotherapeut (en de laatste jaren  
tevens als praktijkeigenaar) en een druk gezinsleven was soms pittig, maar de voldoening is 
groot. In dit dankwoord wil ik graag iedereen bedanken die heeft bijgedragen aan de totstand-
koming van dit proefschrift. Hieronder benoem ik een aantal personen in het bijzonder. 

Laat ik beginnen bij mijn promotieteam: Ria Nijhuis-van der Sanden, Bart Staal, Philip van der Wees  
en Elgun Zeegers. Jullie hebben allemaal jullie eigen waardevolle eigenschappen en kennis, waar-
door ik mij geen beter team kon wensen! 
Ria, ik bewonder je enorme inzet en kennis. Altijd stond jij paraat; als ik een mailtje naar jou ge-
stuurd had, kon ik laat in de avond of in het weekend nog een reactie verwachten. Jouw ontzettend 
inspirerende en kritische blik heeft mij gevormd tot de wetenschapper die ik nu ben. Ook privé  
had jij altijd goed advies, zodat ik alle ballen in de lucht kon houden en er altijd een goede balans 
tussen werk en privé bleef bestaan.  
Bart, jouw enorme kennis van methodologie, statistiek en jouw motiverende feedback was heel 
erg prettig. Daarnaast wist je me altijd te stimuleren, maar ook af te remmen als ik te veel hooi op 
de vork nam. Jouw pragmatische blik was heel waardevol.
Philip, je bent aangehaakt nadat de dataverzameling was afgerond. Desondanks had je continu 
zinvolle opmerkingen en wist je elke keer weer een goede draai aan een manuscript te geven. 
Jouw rustige, kritische blik heeft de laatste manuscripten zeker verbeterd.
Elgun, met jou kon ik de klinische relevantie erg goed bespreken. Na avonden samen gespard te 
hebben, sprak ik in Tallinn, Estland, op het Nordic Orthopaedic Federation (NOF) congres over 
onze eerste studieresultaten. Vakinhoudelijk een interessant congres. Dit tweedaagse uitstapje 
op en neer tussen onze patiëntenzorg door, en net op tijd onze vlucht halen, was een waarde-
volle ervaring. 

Wim Hullegie, jij opperde of promoveren niet iets voor mij was. Je was vooral betrokken bij de 
eerste manuscripten. Van methodologie en statistiek moest je niet zo veel hebben, maar jouw 
zeer kritische, vakinhoudelijke kijk op de fysiotherapie heeft mij zeker geholpen mij staande te 
houden in de wetenschapswereld en me te ontwikkelen tot de fysiotherapeut die ik nu ben.

Rana Dandis, your great knowledge of statistics (and especially the Latent Class Growth Analysis) 
and you great patience to learn me about the LCGA was very pleasant.

Collega’s van FysioHolland Twente, bij en met jullie ben ik mijn promotieonderzoek gestart.  
Jos van der Hoek en Liseth Oosterveld, jullie hebben mij geholpen met data verzamelen. Heel fijn 
om te zien hoe jullie zo enthousiast gingen meewerken aan mijn onderzoek. Dank daarvoor!  
Ik kon met jullie vakinhoudelijk de diepte in over het onderzoeken en behandelen van de patiën-
ten met een TKP. Daarnaast wil ik alle andere collega’s bedanken voor de momenten om even te 
sparren, maar ook voor de ontspannen momenten tijdens de pauze om het even niet over mijn 
onderzoek te hebben, maar over iets heel anders.
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Vervolgens de collega’s van FLEX-s fysiotherapie, Sonja, Ria, Tanja, Anouk, Rens en Elsanne,  
de praktijk waar ik direct na mijn opleiding tot fysiotherapeut ben gaan werken. Jullie waren altijd 
belangstellend en bereid om taken of patiënten van mij over te nemen zodat ik weer verder kon 
schrijven. Ontzettend dank daarvoor! Anouk, ook dank voor jouw kritische wetenschappelijke  
blik als mede-fysiotherapiewetenschapper binnen de praktijk. Ik wil ook Lex Schreuder bedanken:  
Ik ben bij jou in de praktijk komen werken toen ik net afgestudeerd was. Jij was enthousiast over 
mijn plan om mijn promotieonderzoek te starten naast mijn werk als fysiotherapeut. Tijdens mijn 
promotietraject gaf jij aan dat jij graag van je pensioen wilde gaan genieten, daarom vroeg je 
mij om als medemaatschapslid samen met Sonja de praktijk te gaan draaien. Een enorm mooie 
uitdaging, waar ik geen moment spijt van heb gehad, maar die wel voor de nodige vertraging 
van de afronding van dit proefschrift heeft gezorgd. Sonja, twee zielen... Regelmatig hebben we 
spontaan hetzelfde idee. Het is dan ook geweldig om samen met jou eigenaar te zijn van onze 
mooie praktijk. Ik bewonder je inzet en gedachten over de praktijk, en waardeer ontzettend je 
belangstelling en stapje extra als ik het even nodig heb. Ik hoop dat we samen met alle collega’s 
onze praktijk nog jaren kunnen voortzetten! 

Dan mijn vriendinnen (in alfabetische volgorde): Danielle, Laura, Linda, Marleen en Petra. Jullie 
hebben mij allemaal op jullie eigen wijze geholpen dit proefschrift tot zijn einde te brengen; 
sparrend qua onderzoeksopzet of meelezend qua Engelse taal, of juist door even een kopje thee 
te komen drinken of gezellig uit eten te gaan om voor de nodige afleiding te zorgen.

Mijn schoonouders, Henny en Berndien. Dank voor jullie enorme betrokkenheid en ondersteuning  
van de organisatie thuis. Jullie stonden altijd klaar om op de kinderen te passen of wat huishoude-
lijke taken over te nemen zodat ik naast mijn werk en promotie ook wat vrije tijd overhield voor ons  
gezin. Jullie zijn geweldige schoonouders!

Dan mijn oma, je bent altijd super trots op mij en dankbaar dat je al mijn vorderingen nog mag 
meemaken. Bedankt voor je oprechte interesse in mij!

Manon, mijn lieve zusje. Samen opgegroeid, ieder onze eigen weg gegaan, maar beide interesse 
in de gezondheidszorg en in het doen van wetenschappelijk onderzoek. Jouw interesse en  
oprechte teleurstelling wanneer ik een tegenslag had, maar ook een intense blijheid wanneer  
er weer eens een artikel geaccepteerd was, zijn heel waardevol. Ook kon ik inhoudelijk altijd even 
met je sparren. Ik kan mij geen betere zus wensen! 

Mijn ouders, Gerard en Ellie, bedankt voor jullie onvoorwaardelijke liefde en steun! Jullie moti-
veerden mij om het beste uit mijzelf te halen en ondersteunden mij daarin op alle vlakken. Jullie  
zijn super lieve ouders die altijd voor mij en mijn gezin klaar staan. Jullie interesse in mijn 
promotie onderzoek was enorm en de hoogte- en dieptepunten ervaarden jullie net als ik. Dank 
ook voor al jullie logistieke steun onder andere in de vorm van oppas voor onze dochters Noa en 
Saar, zodat ik tijd had om mijn promotieonderzoek af te ronden.
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En dan last but zeker not least, mijn gezin. Emiel, met wie ik al heel wat jaren super gelukkig ben.  
Jij zorgt er voor dat ik elke dag straal! Als het even tegenzit, ik druk ben of even wat extra hulp 
nodig heb, doe jij een stapje extra. Je bent een geweldige man en super lieve vader van onze 
dochters Noa en Saar. Zonder jou was dit proefschrift nooit af geweest. Noa en Saar, jullie zijn 
geboren tijdens mijn promotietraject, en zijn misschien wel de grootste vertragende factor van  
het afronden van mijn promotieonderzoek geweest. Maar meiden: Ik ben zo trots op jullie!  
Ik had jullie er nooit voor willen missen, jullie maken mij ontzettend blij! Ik geniet elke dag met 
volle teugen van jullie! Jullie zorgen voor de nodige ontspanning. Ik kijk er naar uit dat ik weer 
meer vrije tijd heb voor leuke dingen met ons viertjes!
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 • Visiting symposium  2015 0.2
   ‘orthopedische zorg in de eerste lijn onder de knie’
 • Visiting symposium  2018 0.2
   ‘de ziekenhuisfysiotherapeut 2.0’

D) Other
 •  Member of the Royal Dutch Society; 2014-presence  24 
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    Year(s) Workload 
     (ECTS)

TEACHING ACTIVITIES

E) Supervision of internships/other
  • External assessor bachelor physiotherapy Saxion 2015-presence 1.2
 • Supervision 4 bachelor students 2017 0.5
   physiotherapy thesis

F) Expert-groups / committees
 •  Committee CBO/KNGF ‘peri-operatieve fysiotherapie 2014/2015 1.0
   voor patiënten met een unilaterale 
   gewrichtsvervangende operatie van de heup of knie  
 • Commenting on NOV richtlijn ‘totale knieprothese’  2014 0.2
   ‘werk en sportbelasting bij TKP’
  • Committee updating Dutch physiotherapy  2018 1.0
   guideline 'artrose heup-knie, conservatieve en 
   preoperatieve behandeling'
  • Working visit MSK Bedfordshire,  2018 0.2
   England with Menzis
 • Zorg1 producten totale heup / totale knie 2020 0.2
 • Focusgroep FT WERKt 2021 0.2

Total   33.1
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