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Propositions
1.	 Poorer recovery is associated with prolonged postoperative physical therapy in 

patients after total hip or knee arthroplasty (this thesis)

2.	 A personalized postoperative physical therapy strategy does not provide 
additional benefits over usual care in improving physical functioning after total 
hip- or knee arthroplasty (this thesis)

3.	 Variation in the range of the number, frequency, duration and delivery of post-
operative physical therapy after total hip- or knee arthroplasty has decreased over 
time (this thesis)

4.	 The Animated Activity Questionnaire provides an accurate representation of 
physical function in patients after total hip- or knee arthroplasty (this thesis)

5.	 The COVID-19 pandemic had a limited impact on the number, frequency, duration 
and delivery of postoperative physical therapy (this thesis)

6.	 Total hip or total knee surgery should remain the preferred treatment for patients 
with end-stage hip osteoarthritis (supported by Talonpoika et al., The bone & 
Joint journal, 2026)

7.	 The effectiveness of prehabilitation in improving outcomes after total hip or 
knee arthroplasty remains unclear and requires further research to determine its 
potential benefit for patients undergoing total hip or knee arthroplasty (stated by 
Konnyu et al., the American Journal of Physical Medicine & Rehabilitation, 2023)

8.	 We cannot advance clinical care without learning from what does not work: 
negative and neutral studies are essential (supported by Bresee, The Canadian 
Journal of Hospital Pharmacy, 2017 OF inspired by Showell, The Cochrane 
database of systematic review, 2024)

9.	 Cluster randomization should only be used when truly necessary, as its 
added complexity and potential biases can undermine scientific validity if not 
carefully justified and rigorously applied (supported by Hemming and Taljaard, 
International Journal of Epidemiology, 2023)

10.	Resilience is not just a helpful trait during a PhD—it is the foundation of turning 
setbacks into learning, uncertainty into growth, and persistence into achievement 
in life (inspired by Steel et al., BMC medical education, 2024)

11.	All assumptions should remain open to questioning—a principle reinforced daily 
by those who dare to ask: “Why?” (inspired by Noah (5) and Lynn (3)).
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Aims and outline of the thesis

Chapter 1 describes the background and context of the research, outlining the key 
research questions, objectives, and the significance of the study. It also provides an 
overview of the current state of knowledge in the field and establishes the foundation 
for the subsequent chapters

Chapter 2 presents a study investigating the relation between recovery and PPT 
usage after THA or TKA, including the impact of comorbidities. This observational 
study uses data from a large, ongoing multi-center prospective cohort study of OA 
patients.

Chapter 3 describes the research protocol of a nationwide, cluster randomized 
controlled trial (RCT) comparing the effectiveness of a standardized, treat-to-target 
PPT strategy with usual postoperative care for patients undergoing THA or TKA.

Chapter 4 shows the results of the abovementioned RCT, with respect to the clinical 
effectiveness. 

Chapter 5 presents the results of the economic analysis conducted alongside the 
trial. 

Chapter 6 describes a study aimed to determine the validity and responsiveness of 
the AAQ in patients after THA or TKA included in the abovementioned RCT. 

Chapter 7 includes a study examining the impact of the COVID-19 outbreak on 
postoperative physical therapy treatment in patients receiving THA or TKA in the 
Netherlands. 

Chapter 8 presents a study evaluating the impact of the COVID-19 lockdown period 
on Dutch primary THA and TKA patients, using data from a the Dutch Arthroplasty 
Register. 

Chapter 9 comprises a general discussion on the findings of this thesis and a 
summary.
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Chapter 1
General introduction

1
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Osteoarthritis (OA) is a common chronic, degenerative joint condition, primarily 
characterized by the breakdown of cartilage, along with other structural changes 
such as osteophyte formation and subchondral bone sclerosis and with synovial 
inflammation. OA leads to pain, stiffness, and impaired joint function. The disease 
progresses slowly and often results in functional disability and reduced quality of life 
(1). The annual prevalence of OA in 2023 was 1.653.100 people (605.500 men and 
1.047.600 women) based on registries of general practitioners in the Netherlands. This 
corresponds to 68.1 OA patients per 1000 men and 116.5 per 1000 women (2). 

OA commonly affects the hips and knees (1). In the Netherlands there were 185.600 
men and 314.800 women with hip OA and 303.900 men and 500.700 women with 
knee OA in 2023(3). These large and increasing numbers are a result of the aging 
population and increased prevalence of risk factors such as obesity. Given the large 
impact of the symptoms of hip en knee OA on in particular mobility, it has become a 
major cause of disability worldwide (1). 

While there is no cure for hip and knee OA, several treatment options can 
help alleviate symptoms and improve joint function. These approaches include 
pharmacological treatment comprising analgesics, non-steroidal anti-inflammatory 
drugs (NSAIDs) and intra-articular injections (4). Non-pharmacological management 
strategies include education and self-management strategies such as physical 
activity,  exercise, weight management, optimization of sleep and the use of orthotics 
(4, 5). The appropriate use of non-pharmacological treatment strategies is, apart 
from the general practitioner or medical specialist, often supported by health care 
professionals, including e.g. a physical therapist, occupational therapist or dietician. 
When conservative treatment options fail, total hip arthroplasty (THA) or total knee 
arthroplasty (TKA) may be considered as the final treatment option (6-8). These 
procedures are effective surgical treatments which provide, in the majority of patients, 
significant pain relief and improvement of functional abilities and have a positive 
influence on the overall quality of life. THA and TKA are widely performed surgical 
procedures for end stage OA of the hip and knee. In the Netherlands, the number 
of primary THA or TKA procedures has steadily increased over the last decades. 
According to the Dutch Arthroplasty Register (LROI) in 2023, 36.684 primary THA 
and 36.351 TKA procedures were performed (9) and these numbers are expected to 
increase further in the upcoming years.

Physical therapy after Total Hip Arthroplasty and Total Knee Arthroplasty

Recovering from THA or TKA usually requires a combination of pain management, 
gradual reintroduction of movement to optimize joint function and muscle strength, 
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and the training of functional activities such as walking or climbing stairs (6-8). 
Physical therapy (PT) plays a crucial role in the recovery process following THA or TKA 
surgery. Postoperative PT (PPT), aiming to increase joint mobility, muscle strength, 
and overall function, is a recommended strategy to accelerate and improve the 
recovery process (10-15). Immediately after surgery, in the clinical phase, PT helps to 
manage postoperative pain and reduce stiffness, the latter especially after TKA (16-
18). Early mobilization is key—not only to restore joint range of motion but also to 
prevent complications such as a joint contracture or deep vein thrombosis. Patients 
are encouraged to begin walking and practicing stair climbing shortly after surgery, as 
these basic activities are essential for regaining functional independence and enabling 
a safe return home (6, 7, 16-18). With hospital stays for THA or TKA becoming 
increasingly shorter and most patients being discharged to their homes, there is a 
growing emphasis on rapid functional recovery (19).

Regarding recovery after THA and TKA, irrespective of the discharge destination, PT 
is continued in the large majority of patients. Previous research in the Netherlands 
showed that almost 95% of the patients who received a THA or TKA used PPT in a 
primary care practice or at home (20). Just as in the direct postoperative phase, PPT 
that is continued after discharge from hospital includes range of motion exercises, 
muscle strengthening exercises and the training and practicing of activities of daily 
living (ADL) such as walking inside and outside, climbing the stairs and cycling (8). 
Another important aspect in this phase is to improve cardiopulmonary fitness, balance 
and gait, which can be affected by both the surgery and the preceding period of joint 
dysfunction. Balance and gait training is particularly important for the prevention of 
falls, which can lead to serious complications. Another important component in the 
recovery is education and self-management support regarding e.g. home exercises, 
the use of assistive devices (like walkers or crutches), and movements or activities that 
can best be avoided (6-8).

Current delivery of postoperative physical therapy

In the Netherlands, PT following THA or TKA is recommended in both the guidelines 
of the Dutch Orthopaedic Association (NOV) and the Royal Dutch Society for 
Physical therapy (KNGF)(6-8). Previous research shows substantial variation in the 
delivery of PPT treatment with respect to its timing (when to start and stop), content, 
dosage (intensity and frequency) and duration (20-23). Although existing guidelines 
on PPT (6-8) outline a general framework for postoperative rehabilitation, detailed 
recommendations for its optimal delivery are lacking, allowing considerable variation 
in clinical practice. From the health care and societal perspective, it is highly relevant 
that the most optimal PPT treatment strategy is used. 

1



13

Regarding the duration of the current delivery of PPT, relatively little is known about 
whether or not, and to what extent, it is related to postoperative recovery. Apart from 
the duration of PPT, another key aspect is the appropriate timing of the start of the 
treatment. Current guidelines and treatment protocols do not always state explicitly 
when PPT should best be started after discharge from the hospital, and patients 
may need time to find a PT and/or make a first appointment. Research in THA/TKA 
populations showed that clear referral guidelines and timely therapy initiation can 
reduce complications, shorten hospital stays, and enhance both outcomes and patient 
satisfaction (24-27). Ideally, optimization of care after THA and TKA would be achieved 
through the implementation of a transmural care pathway, which integrates both acute 
(secondary care, either or not short-stay) and post-acute (primary care) services. In 
the context of recovery after THA and TKA, such pathways have been associated with 
fewer postoperative complications, reduced hospital stay duration, and lower costs 
compared to standard care (3–4 nights hospitalization)(25-27).

Another key aspect is related to the appropriate content and dosage, and the extent 
to which the treatment is personalized. Regarding content and dosage, it was found 
that PPT treatment usually includes muscle-strengthening, range-of-motion, aerobic, 
functional and neuromotor exercises (20), whereas it remains to be established if their 
dosage is sufficient to achieve health benefits. For personalization, it was observed 
that the application of individual goal setting, particularly with respect to specific 
functional milestones, appeared to be limited (28). A treat-to-target approach, which 
focuses on individualized milestones and sets clear criteria for discontinuing treatment 
once goals are met, has shown potential in enhancing treatment (24, 29). 

In summary, whereas PPT is a proven effective strategy to enhance recovery after THA 
and TKA, currently no consensus exists on its optimal delivery. Knowledge on how the 
duration is related to postoperative recovery is scarce. Regarding the optimal timing 
and content, the literature suggests that a care pathway integrating PPT in the hospital 
and in primary care, with a standardized treatment that is yet personalized regarding 
its content and duration according to the individual patient’s functional goals, 
might optimize its outcomes. Research into the effectiveness of such an optimized 
PPT approach for patients undergoing THA or TKA is lacking. The same holds for 
its potential cost-effectiveness, as it is conceivable that prompt discontinuation of 
treatment, once the functional goals have been achieved, could lead to savings on the 
costs of PPT.
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Measurement instruments to evaluate the outcome of physical function in THA 

and TKA patients 

Appropriate measurement of outcomes, from both the clinician’s and patient’s 
perspectives, is crucial to evaluate and monitor the effects of PPT in THA and TKA. 
For that purpose, the  combination of both performance-based tests as well as 
patient-reported outcome measures (PROMs) are advocated (8, 30). Utilizing both 
performance based tests and PROMs offers a comprehensive and accurate evaluation 
of functional status, enhancing clinical decision-making and aligning with patient-
centered care.

Examples of performance-based tests are gait speed, sit-to-stand ability or stair 
climbing, as well as measurements of other aspects such as joint range of motion 
(ROM) or muscle strength. Specific performance based test recommended in clinical 
practice guidelines include the 30 seconds “Chair-Stand Test”, the “40m (4x10m) Fast 
Paced Walk Test walk”, and the “Stair Climb Test” test (30).

PROMs are important to capture subjective experiences that may not be observable 
through clinical examination alone. As an example, the International Consortium for 
Health Outcomes Measurement (ICHOM) suggests a standardized PROMS set of 
health outcome measurements relevant for OA patients (31). Specific instruments that 
are recommended and most often used in the Netherlands are the the 5-item short 
version of the Hip disability and Osteoarthritis Outcome Score (HOOS-PS) (32) and 
the 7-item short version of the Knee injury and Osteoarthritis Outcome Score (KOOS-
PS) questionnaire (33, 34). The Oxford Hip score (35) and the Oxford Knee Score (36) 
are used to measure functional limitations in several daily activities and pain intensity. 
These questionnaires are routinely administered as part of the standard data collection 
by the Dutch Arthroplasty Register (LROI) (9).

Despite the value of the combination of performance-based tests and PROMs, both 
types of instruments may have some limitations. Performance-based  tests may not 
completely represent real-life activities and cannot be completed by all patients due 
to physical impairments, whereas patients with lower health literacy levels may not be 
able to complete questionnaires. To address these limitations, the Animated Activity 
Questionnaire (AAQ) was developed (37, 38). The AAQ uses avatar animations to 
depict activities of daily living at various difficulty levels, allowing patients to select 
the animation that best matches their recent performance. The AAQ thus provides 
insights into real-world functioning and was found to correlate well with both PROMs 
and performance-based tests in OA patients (37-41). It is, however, currently unclear 
whether the AAQ is valid and responsive in patients with OA after THA or TKA, as 

1



15

these measurement properties have not yet been assessed in this specific patient 
group. More insight into the value of the AAQ in PPT will help to select the set of 
outcome measures that is most appropriate in this patient group. This knowledge gap 
is in line with the need for adequate assessment tools to evaluate the effectiveness of 
PT after THA or TKA, which was identified as a research topic on the research agenda 
of the NOV (42) that was developed in collaboration with the KNGF. 

Impact of COVID-19 pandemic on postoperative rehabilitation following THA and TKA
The provision of PPT is not solely related to the patient’s health status and preferences 
and the perspectives of the PT and treating physician, but is also dependent on 
contextual factors. A contextual factor playing a major role in the delivery of PPT 
in the past years was the occurrence of the COVID-19 pandemic from 2020-2022. 
In response to the COVID-19 pandemic in the first two years strict containment 
measures, including national lockdowns and quarantines, were implemented. Studies 
reported increased psychological distress and reduced quality of life in the general 
population, particularly among younger individuals, females, those with poor health 
and with a lower socioeconomic status (43-45). 

The first lockdown in the Netherlands (March 16 – June 1, 2020) led to the closure 
of many health care services, including primary care physical therapy. Elective 
orthopaedic care was minimized (46), with priority given to patients with the 
greatest need and expected benefits. Overall, about 20% fewer primary total joint 
arthroplasties than expected were performed during the pandemic in the Netherlands 
(46). Also, proportionally more acute (fractures, tumours, post-traumatic) THA and TKA 
were performed, whereas the numbers for end-stage hip and knee OA decreased. 
PT practices in the Netherlands were fully closed between March 23 – May 11, 2020. 
PTs were advised by the KNGF to provide remote care via telephone, email, or video 
consultations (47, 48). After reopening, guidelines continued to recommend remote 
care, the use of personal protective equipment and physical distancing (47, 48).

The pandemic and ensuing lockdown potentially reduced the uptake of postoperative 
rehabilitation after THA and TKA procedures, and as a consequence may have 
negatively influenced their outcomes. Understanding the impact of the COVID-19 
pandemic is crucial for the evaluation of the effectiveness of interventions. Remote 
care has emerged as a promising alternative for PT, yet the effects of pandemic-
related restrictions, practice closures, and remote care recommendations on PT 
outcomes after THA and TKA are unclear.  Gaining insight into the extent to which 
the rehabilitation process was affected and into evidence of negative effects of 
the lockdown on the rehabilitation process are important steps toward a better 
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understanding of the impact of drastic societal events, such as a pandemic. Assessing 
this impact is crucial for refining rehabilitation strategies and ensuring continuity of 
care during future healthcare disruptions.

Rationale for this thesis

THA and TKA are widely performed surgical procedures improving pain, physical 
function and quality of life of people with end-stage hip and knee OA. PPT is a 
proven effect treatment to enhance recovery, however, there is substantial practice 
variation. Knowledge on the association between the duration of current PPT and 
postoperative recovery is scarce. Professional guidelines are, apart from the optimal 
duration, not specific regarding the timing and content, and local treatment protocols 
vary. An integrated care trajectory, with treat-to-target approach, which focuses on 
individualized milestones, might optimize PPT after THA and TKA. Further research to 
identify the added value of such a strategy was however lacking. 

Regarding the evaluation and monitoring of functional outcomes, performance-
based tests and PROMs that are currently recommended in practice guidelines, have 
a number of limitations, that can be overcome by the use of Innovative assessment 
instruments such as the AAQ. The AAQ has been evaluated in patients with OA, 
however, whether it is suitable for monitoring recovery in patients who underwent THA 
or TKA remained unclear. 
During the conduct of the studies described in this thesis, the COVID-19 pandemic 
occurred, having a profound impact on healthcare systems worldwide, including in the 
Netherlands. The impact of external crises, such as the COVID-19 pandemic, on post-
operative recovery and PT delivery had been insufficiently explored.

By addressing the abovementioned knowledge gaps, this thesis aims to contribute 
valuable insights to the field of orthopaedic rehabilitation, in particular physical 
therapy, ultimately improving post-operative recovery and patient-centred care 
following THA and TKA.

1
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Abstract 
Background: 

Total hip or knee arthroplasties (THA/TKA) show favorable long-term effects, yet the 
recovery process may take weeks to months. Physical therapy (PT) following discharge 
from hospital is an effective intervention to enhance this recovery process. To 
investigate the relation between recovery and postoperative PT usage, including the 
presence of comorbidities, 6 months after THA/TKA. 

Methods: 

Multicenter, observational study in primary THA/TKA patients who completed 
preoperative and 6 months postoperative assessments. The assessments included 
questions on PT use (yes/no and duration; long term use defined as ≥12 weeks), 
comorbidities (musculoskeletal, non-musculoskeletal, sensory comorbidities and 
frequency of comorbidities). Recovery was assessed with the HOOS/KOOS on all 
5 subdomains. Logistic regression with long term PT as outcome was performed 
adjusted for confounding including an interaction term (comorbidity*HOOS/KOOS-
subdomain).

Results: 

In total, 1289 THA and 1333 TKA patients were included, of whom 95% received 
postoperative PT, 56% and 67% received postoperative PT ≥12 weeks respectively. 
In both THA and TKA group, less improvement on all HOOS/KOOS domain scores 
was associated with ≥12 weeks of postoperative PT (range Odds Ratios 0.97-0.99). 
In the THA group the impact of recovery was smaller in patient with comorbidities 
as non- musculoskeletal comorbidities modified all associations between recovery 
and postoperative PT duration (Odds Ratios range 1.01-1.05). Musculoskeletal 
comorbidities modified the associations between Function-in-Daily-Living-and Sport-
and-recreation recovery and postoperative PT. Sensory comorbidities only had an 
effect on Sport-and-recreation recovery and postoperative PT. Also the frequency 
of comorbidities modified the relation between Function-in-Daily-Living, pain and 
symptoms recovery and postoperative PT. In the TKA group comorbidity did not 
modify the associations. 

Conclusion: 

Worse recovery was associated with longer duration of postoperative PT suggesting 
that PT provision is in line with patients’ needs. The impact of physical recovery on the 
use of long-term postoperative PT was smaller in THA patients with comorbidities. 
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Introduction
Total hip or knee arthroplasties (THA/TKA) are effective procedures in patients with 
end stage hip or knee osteoarthritis (OA)(1, 2). Overall, THA and TKA show favorable 
long-term effects, yet the recovery process may take weeks to months. Physical 
therapy (PT) following discharge from hospital is an effective intervention to enhance 
this recovery process(3-6). Several guidelines recommend the use of PT to improve 
recovery after THA/TKA(7-9). In Western Europe, post discharge PT after THA/TKA 
range from 35% to 99%(10-12). A rise in use of postoperative PT is expected due to 
the foreseen increase in arthroplasty procedures(2, 13, 14). 

Previous studies report variation in treatment modalities, the timing and/or the 
frequency and duration of post discharge PT indicating no clear consensus on its 
optimal dosage and timing(10, 15-19). Also, studies identified determinants that 
affected use of inpatient versus outpatient PT treatment and its program intensity. 
It was found that patients referred to the less intensive outpatient PT were more 
often younger, had less comorbidities, a public insurance status and less functional 
disability, also referral depended on the treating hospital(10, 19-21) as compared to 
those having more intensive and/or inpatient PT. Understanding the relationships 
between these factors and the use of postoperative PT could provide better patient 
expectations, more patient specific advice and targeted postoperative PT care for 
patients after THA/TKA(22-25).	

The patient’s physical recovery after THA/TKA, including the presence of 
comorbidities and its effect on the duration of postoperative PT, has not yet been 
extensively studied, while it is likely that patients with worse overall health status 
might have a greater need for PT. To our knowledge only the study of Smith et al., 
relying on data from the National Joint Registry for England, showed that worse 
functional outcomes at 12 months after THA/TKA were related to longer duration of 
PT. However, this relationship was not adjusted for patient characteristics(12). 

Therefore, the aim of the present study was to examine the association between 
recovery and the duration of postoperative PT, taking into account individual patient 
characteristics and in particular the presence of comorbidities, as these can have a 
significant influence on the recovery after arthroplasty as well as PT(26, 27). A better 
understanding of the relationships between these factors and the use of postoperative 
PT could provide new insights into the process of recovery after THA/TKA and targets 
for optimization of care.

2



25

Methods
Study design

This study was part of the ongoing multi-center, prospective cohort Longitudinal 
Leiden Orthopaedics Outcomes of Osteo-Arthritis study (LOAS) (Trial ID NTR3348)
(28). Ethical approval was obtained from the Medical Ethics Committee of the 
Leiden University Medical Center (Registration number P12.047). Since 2012 the 
LOAS includes consecutive patients scheduled for primary THA/TKA as a result 
of OA in seven participating hospitals: Leiden University Medical Center, Leiden; 
Alrijne Hospital, Leiden and Leiderdorp; Groene Hart Hospital, Gouda; Reinier de 
Graaf Hospital, Delft; Lange Land Hospital, Zoetermeer; Albert Schweitzer Hospital, 
Dordrecht; and Waterland Hospital, Purmerend. All participants signed an informed 
consent form prior to start of the study in accordance with the Handbook for Good 
Clinical Research Practice of the World Health Organization and Declaration of 
Helsinki principles (29).

Study population

Patients eligible for the LOAS were aged 18 years or older, physically and/or mentally 
able to complete questionnaires in Dutch and underwent primary THA/TKA for OA. 
The present study included a subset of patients from the LOAS who were included 
between June 2012 and June 2018, who filled out questions on the use of PT pre- and 
postoperatively and completed the questionnaires on hip/knee function and quality 
of life both preoperatively and 6 months after surgery. Patient who did not have 
postoperative PT were excluded from the analysis because they were not seen by a 
physical therapist after being discharged from the hospital. 

Assessments 
Patient Characteristics

Patient characteristics were recorded preoperatively and included age (years), sex, 
living status (living alone / living with partner, children or other(s)), working status 
(having a paid job yes/no) and the Body Mass Index (BMI (kg/m2)). 

In addition, information on self-reported pain, quality of life and comorbidities were 
gathered preoperatively. Hip and knee pain severity in rest and during activities in the 
past week were assessed by the Numeric Rating Scale (NRS)(30), with scores ranging 
between 0 (no pain) and 10 (worst pain imaginable). Regarding quality of life, the SF-
12 was administered (31) from which the Physical and Mental Component Summary 
scales (PCS and MCS) were computed, with scores ranging between 0 (worst physical/
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mental health) and 100 (best physical/mental health). Self-reported comorbidities were 
gathered with a questionnaire developed by the Dutch Central Bureau of Statistics 
(CBS)(32, 33), in which the presence of comorbidities in the previous year was 
determined (yes/no). According to the paper of Peter et. al.(27), comorbidities were 
classified into three domains: Musculoskeletal comorbidities (elbow, wrist, hand, or 
back pain; other rheumatic diseases), non-musculoskeletal comorbidities (chronic lung, 
cardiac, or coronary disease; arteriosclerosis; hypertension; [consequences of] stroke; 
severe bowel disorder; diabetes mellitus; migraine; psoriasis; chronic eczema; cancer; 
urine incontinence) and sensory impairments (hearing or vision impairments; dizziness 
in combination with falling). Also the numbers of comorbidities were categorized 
into 4 groups: none comorbidities, 1–2 comorbidities, 3–4 comorbidities, and ≥ 5 
comorbidities.

Physical therapy use

The use of preoperative PT was measured by one question: “Did you have contact 
with a PT before surgery for your hip or knee complaints in the past 6 months?” 
(yes/no). The use of postoperative PT was measured by three questions: “Did you 
receive physical therapy after surgery?” (yes/no); “What was the estimated duration 
of physical therapy?’’ (4 weeks, 6 weeks, 8 weeks or 12 weeks or more); and “What 
was the average frequency of physical therapy?” (Once a week, twice a week or three 
times per week or more). According to the Dutch guideline, long duration of PT was 
specified as 12 weeks of  PT treatment or more (9). 

Hip and knee related health status recovery and quality of life

The Hip disability and Osteoarthritis Outcome Score (HOOS) and the Knee injury 
and Osteoarthritis Outcome Score (KOOS) were used to assess hip and knee related 
symptoms (health status) preoperatively and 6 months after surgery(34, 35). The 
questionnaires contain 40 and 42 items, respectively, categorized into five domains 
(function in daily living; pain; symptoms; sport and recreation; quality of life). All scores 
ranging from 0 (severe impairments) to 100 (no impairments). To determine the impact 
of recovery on the use of postoperative PT, all domains of the HOOS/KOOS were 
included. The extent of recovery was expressed as the absolute HOOS/KOOS domain 
scores at 6 months adjusted for the preoperative values. The distribution based 
Minimal Clinical Important Differences (MCID) for the HOOS/KOOS domains have 
been reported to be around 8-9 points(36). 

Statistical analysis 

All analyses were performed for THA and TKA separately. Descriptive statistics 
(mean and standard deviation (SD), median with interquartile range or numbers and 
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percentages) were used to present the patients’ preoperative characteristics, level of 
overall health status, pain and use of PT. 

Baseline characteristics were presented according to postoperative PT (divided into 
none, <12 weeks or ≥ 12 weeks), using One-way ANOVA, Student t tests, Mann-
Whitney-U tests or Chi Square tests to test differences between these groups or 
combinations of these groups, where appropriate patients who did not make use 
of post-discharge PT were excluded from further analyses. To study the association 
between recovery and the duration of postoperative PT, the 6-month HOOS/KOOS 
separate domain absolute scores, as well as their change scores were presented 
for the total group of postoperative PT users and compared between the groups 
with short and long duration of postoperative PT by means of Paired t tests (results 
expressed as mean difference in change with the 95% confidence interval (CI)). 
In addition, to account for potential confounders, logistic regression analyses 
were performed, in which duration of postoperative PT (< or ≥ 12 weeks) was the 
dependent variable and the 6-month absolute scores of the HOOS/KOOS domain 
scores were each separately considered as independent variables. Comorbidities 
were included as possible effect modifier and the following potential confounders, 
which were based on previous literature: age, sex, BMI, baseline HOOS/KOOS 
scores, living status and mental health(22). For each of the three different comorbidity 
domain groups (musculoskeletal, non- musculoskeletal and sensory impairments), 
we performed separate analyses as patients could have several comorbidities and 
therefore could be included in more than one comorbidity domain. In addition, we 
performed a separate analyses on the number of comorbidities  (continuous variable) 
within a patient as possible effect modifier. All statistical analyses were performed 
on complete cases, two-sided with 95% Confidence Intervals (95%CI), using SPSS 
software (IBM Corp. Released 2016. IBM SPSS Statistics for Windows, Version 25.0. 
Armonk, NY: IBM Corp.).

Results
Study population

The flow of participants in this study is presented in FIGURE 1. In total, 2279 and 2164 
patients received a primary THA/TKA, respectively. Of these patients, 1289 THA and 
1333 TKA patients were finally included for the present analysis. The included THA/
TKA patients were on average somewhat younger, scored higher on the MCS and had 
a larger proportion of patients with ≥12 weeks of postoperative PT compared to the 
excluded patients (SUPPLEMENTARY TABLE 1).
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Characteristics of THA and TKA patients

TABLE 1 shows the baseline characteristics of the patients. Both THA/TKA patients 
were on average 68 years old (THA SD 8.8; and TKA SD 8.4 years), and 60% and 
63% of THA/TKA patients were female. Among patients younger than 67 years old, 
55% and 53% of THA/TKA patients had a paid job before surgery. Overall, 39% of 
the THA patients had a musculoskeletal comorbidity, 62% had a non-musculoskeletal 
comorbidity and 5% had a sensory impairment. Of them 26.7% had a comorbidity 
in two domains and 2.3% in all 3 domains (SUPPLEMENTARY TABLE 2). 42% of the 
TKA patients had a musculoskeletal comorbidity, 62% had a non-musculoskeletal 
comorbidity and 6% had a sensory impairment . Of them 27.3% had a comorbidity in 
two domains and 2.5% in all 3 comorbidity domains. 

Use of preoperative and postoperative PT

TABLE 1 shows that 728 (57%) THA patients and 676 (51%) of the TKA patients 
received preoperative PT. After surgery 91% of THA patients and 98% of TKA received 
PT. The large majority used primary care PT and 676 (55.9%) THA patients and 925 
(65.5%) TKA patients used it for 12 weeks or more, whereas 49% of THA patients and 
66% of TKA patients reported an average frequency of PT of twice a week.

Regarding the comparison of the characteristics of patients who had no postoperative 
PT or who had <12 weeks PT versus those who had ≥12 weeks postoperative PT, it 
appeared that in both THA/TKA, patients with ≥12 weeks postoperative PT were more 
often female, younger and employed. Also, they used preoperative PT more often 
and received ≥2 sessions of postoperative PT treatments per week than patients who 
received PT <12 weeks. 

Additionally, the THA group with ≥12 weeks postoperative PT scored lower on all 
HOOS subdomains apart from subdomain sport at baseline compared to the THA 
group with PT <12 weeks. The TKA group with ≥12 weeks postoperative PT received 
PT in primary care more often. No differences on KOOS subdomains were found 
between both groups.  

Physical recovery and postoperative PT

TABLE 2 shows the crude absolute HOOS/KOOS domain scores at 6 months as well 
as their changes compared to the preoperative scores for patients who received <12 
weeks postoperative PT and those who received ≥ 12 weeks postoperative PT. We 
found that the group with ≥ 12 weeks postoperative PT had smaller improvements in 
HOOS/KOOS domain scores at 6 months. All differences between the groups were 
clinically relevant. 

2
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Associations of recovery, comorbidities and duration of postoperative PT 

TABLES 3 and 4 show the adjusted Odds Ratios of the associations between recovery 
on all subdomains of the HOOS/KOOS and the duration of postoperative PT including 
the influence of comorbidities within these associations. For both THA/TKA we found 
that better recovery at 6 months was associated with shorter postoperative PT on all 
subdomains of the HOOS/KOOS (TABLES 3 and 4, model 1). 
 In THA patients, the existence of non-musculoskeletal comorbidities modified the 
associations between recovery and the duration of postoperative PT (TABLE 3). In 
patients with a non-musculoskeletal comorbidity, the impact of physical recovery 
on the risk of long term PT was smaller than in the patients without musculoskeletal 
comorbidity (SUPPLEMENTARY FIGURE 1-A). Hence in patients with a low HOOS 
subscore the probability of >12 weeks of PT therapy was lower in patients with 
a non-musculoskeletal as compared to patients without a non-musculoskeletal 
comorbidity. However, in patients with high HOOS subscores this probability was 
higher in patients with a non-musculoskeletal comorbidity than in patients without 
such a comorbidity. Table 5 showed hypothetical examples of combined data within 
different HOOS / KOOS function scores to clarify our results. Moreover, the presence 
of a musculoskeletal comorbidity was identified as an effect modifier with regard to 
Activities of daily living (ADL) and Sport and recreation recovery and postoperative 
PT. Sensory comorbidities only had an effect on Sport and recreation recovery and 
postoperative PT. Also the number of comorbidities within a patient was identified 
as effect modifier in the HOOS subdomains ADL, pain and symptoms meaning the 
impact on recovery was lower in patients with more comorbidities. In TKA patients 
(TABLE 4) the existence of comorbidities as well as their frequency did not modify the 
associations between recovery and the duration of postoperative PT (TABLE 4).  

Discussion
We evaluated whether the patient’s recovery 6 months after THA/TKA, including the 
presence of comorbidities, was related to the duration of postoperative PT. Approximately 
95% of the study population received postoperative PT in a primary setting, where 49% 
of THA patients and 66% of TKA patients reported an average frequency of PT of twice 
a week. In about 56% of the THA and 66% of the TKA patients the average duration of 
postoperative PT was 12 weeks or more. Worse recovery at 6 months was associated with 
a longer duration of postoperative PT. The association between physical recovery and the 
use of long-term postoperative PT was weaker in THA patients with comorbidities than 
in patients without such a comorbidity. In TKA patients, comorbidities did not modify the 
association between recovery and postoperative PT duration. 
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Compared to Peter et al.(10), the frequency and duration of postoperative PT 
was slightly lower, but it was still substantially high compared to other Western 
countries(10-12). Our findings regarding the patient’s recovery and duration of 
postoperative PT are in line with the study of Smith et al(12). They found that THA/
TKA patients who received more than 10 postoperative PT sessions reported more 
complaints on average one year after surgery than patients who had less PT sessions. 
However, in the study of Smith et al., no adjustments were made and comorbidities 
were not taken into account. Nevertheless, the finding of both previous as well as 
the current study suggest that patients who were likely to have a greater need of 
PT due to insufficient recovery, indeed received it over a prolonged period. Hence, 
although currently clear evidence-based postoperative PT treatment protocols are 
absent, physical therapists seem to be able to adapt the PT treatment duration to the 
individual patient needs.

In 85% of our population at least one comorbidity was present, which is similar to 
previously published prevalence’s in OA patients, which ranged from 68%-85%(37-
40). In THA patients, the presence of musculoskeletal, non-musculoskeletal or sensory 
impairments and the frequency of comorbidities modified the association between 
recovery and postoperative PT in at least one of the HOOS domains. In THA patients 
with such or more comorbidities the effect of recovery on the use of long-term 
postoperative PT was smaller than patients without such or with less comorbidities. 
This may be explained by the impact a comorbidity has on the postoperative PT 
treatment. Hence, the presence of comorbidities may require a more tailored PT 
treatment approach, in which the physical complaints resulting from the comorbidity 
can have a more prominent role and the recovery of the THA surgery may be less 
leading(41). For example, a patient with heart failure may not be able to perform 
strenuous exercise, thereby some complaints possibly cannot be improved as 
much as when these exercises could be performed. Moreover, for these patients 
improvement of the aerobic capacity may be an additional goal. As such, the PT goals 
will differ from patients without such a comorbidity. In TKA patients, the presence of 
comorbidities had no moderating effect on the effect of recovery and long-term PT. 
A possible explanation could be that recovery after TKA is more complex and takes a 
longer period of time than after THA(42), as such the role of a comorbidity on the PT 
treatment may be less pronounced. 

Nonetheless, these protocols could be important in the delivery of the most optimal 
composition, dosage and mode of PT treatment(43). Hence, the rising number of 
arthroplasty surgeries and their accompanying strain on the health care systems and 
society as a whole warrant for a very efficient postoperative PT approach. Here there 
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may be a role for a multidisciplinary consultation between health care providers 
(general practitioners, orthopedic surgeons, physical therapists), thereby improving 
communication, and increasing knowledge and agreement on rehabilitation treatment. 
Additionally, monitoring the recovery of a patient by a healthcare provider appears to 
be beneficial for better outcomes (44). Future studies should focus on the possibilities 
to improve or accelerate recovery using PT, thereby decreasing the duration of PT for 
THA/TKA patients. The PT has an excellent position to monitor the recovery process 
and identify patients with insufficient improvement due to the fact that the PT sees a 
patient twice a week on average in the first weeks after surgery, as opposed to a regular 
consultation by the orthopedic surgeon which is usually scheduled once in this period.

A strength of this study is the large regional, multicenter prospective cohort study design, 
in which we obtained both preoperative and postoperative assessments. Secondly, we 
used validated surveys to obtain recovery scores after surgery. However, this could also be 
a possible limitation, as we asked patients at six months about the duration of PT, which 
could have induced some recall bias. Examination of medical records could have provided 
more reliable and additional information, such as the content of the PT treatment. 
However, this method could not be used in the framework of this study. A second 
limitation is that we did not have information on the severity of the different comorbidities. 
Another possible limitation is the inability to account for all potential confounders, as such 
residual confounding may be an issue have occurred. Lastly, all patients were included 
in the Netherlands, therefore the results may not be one to one generalizable to other 
countries with different health insurance systems. Nevertheless, the sociodemographic 
and clinical characteristics of the participants were quite similar to those of persons who 
underwent THA/TKA in other observational studies (16, 27, 40, 45, 46). 

Conclusion
In conclusion, less recovery was associated with longer duration of postoperative 
PT use after THA/TKA. The impact of physical recovery on the use of long-term 
postoperative PT was smaller in THA patients with comorbidities, but not in TKA 
patients. Patients with longer postoperative PT use showed worse recovery than 
patients with a shorter duration of PT use, suggesting that PT provision is in line with 
patients’ needs.
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Table 5. Hypothetical examples of combined data within different Hip disability and 
Osteoarthritis Outcome Score / Knee disability and Osteoarthritis Outcome Score 
function scores

Arthroplasty HOOS / KOOS ADL 
score 6 months 
after surgery

Comorbidity Risk on longer 
duration of PT after 
THA/TKA surgery

Scenario: A female patient of 67 year, a BMI of 29, living with a spouse, HOOS ADL baseline score of 40 
and a MCS of 54

THA

1 75 Without musculoskeletal
comorbidity 

66%

2 With musculoskeletal
Comorbidity

72%

3 Without non- musculoskeletal
Comorbidity

70%

4 With non- musculoskeletal
Comorbidity

57%

5 Without sensory impairment 68%

6 With sensory impairment 71%

7 89 Without musculoskeletal
comorbidity 

57%

8 With musculoskeletal
Comorbidity

62%

9 Without non- musculoskeletal
Comorbidity

60%

10 With non- musculoskeletal
Comorbidity

50%

11 Without sensory impairment 58%

12 With sensory impairment 71%

13 95 Without musculoskeletal
comorbidity 

52%

14 With musculoskeletal
Comorbidity

57%

15 Without non- musculoskeletal
Comorbidity

55%

16 With non- Musculoskeletal
Comorbidity

48%

17 Without sensory impairment 53%

18 With sensory impairment 71%
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TKA

Scenario: A female patient of 67 year, a BMI of 29, living with a spouse, KOOS ADL baseline score of 45  
and a MCS of 55

1 69 Without musculoskeletal
comorbidity 

82%

2 With musculoskeletal
Comorbidity

72%

3 Without non- musculoskeletal
Comorbidity

80%

4 With non- musculoskeletal
Comorbidity

77%

5 Without sensory impairment 80%

6 With sensory impairment 78%

7 85 Without musculoskeletal
comorbidity 

73%

8 With musculoskeletal
Comorbidity

68%

9 Without non- musculoskeletal
Comorbidity

71%

10 With non- musculoskeletal
Comorbidity

70%

11 Without sensory impairment 72%

12 With sensory impairment 70%

13 94 Without musculoskeletal
comorbidity 

67%

14 With musculoskeletal
Comorbidity

66%

15 Without non- musculoskeletal
Comorbidity

65%

16 With non- musculoskeletal
Comorbidity

66%

17 Without sensory impairment 67%

18 With sensory impairment 66%

 
Legend to TABLE 5. ADL= Activities of daily living; HOOS= Hip disability and Osteoarthritis Outcome 
Score; KOOS= Knee disability and Osteoarthritis Outcome Score; THA = total hip arthroplasty TKA = total 
knee arthroplasty ; MCS= Mental Component Summary scale of the Short Form-12

Scenarios are based on the 25th, 50th and 75th percentile of the HOOS/KOOS score 6 months after surgery.

2
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Patients participating in the LOAS study 
undergoing primary Total Hip Arthoplasty 

(THA) or Total Knee Arthroplasty (TKA) 
between June 2012 and July 2018 (n = 4443)

THA: N = 2279 
TKA: N = 2164

Patients undergoing primary THA or TKA 
because of OA: N = 3920 

N = 1908 
N = 2012

Patients with complete baseline 
questionnaire: N = 3090 

N = 1517 
N = 1575

Finally included patients for the present 
analysis: N = 2481 

N = 1289 
N = 1333

Exluded from analysis based 
on exclusion criteria: 

- Diagnosis other than OA: 
THA: N = 371 
TKA: N = 152

Exluded from analysis based 
on imcomplete questionnaire: 

THA: N = 391 
TKA: N = 437

Exluded from analysis 
based on 6 month follow-up 

questionnaire:  
THA: N = 228 
TKA: N = 242

Figures

 
 

Figure 1. Flowchart of patients in a study on the use of physical therapy before and 
after THA/TKA
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Abstract
Background:  
Physiotherapy is a proven effective treatment strategy after total knee and hip 
arthroplasty (TKA/THA), however there is considerable practice variation regarding 
its timing, content and duration. This study aims to compare the (cost-) effectiveness 
of a standardized, treat-to-target postoperative physiotherapy strategy with usual 
postoperative care.

Methods: 

Using a cluster randomized study design, consecutive patients scheduled for a primary 
TKA/THA in 18 hospitals in the Netherlands will be assigned to the treat-to-target 
physio therapy strategy or usual postoperative care. With the treat-to-target strategy 
a standardized, individually tailored, exercise program is aimed at the attainment of 
specific functional milestones. Assessments are done at baseline, 6 weeks and 3, 6, 9 
and 12 months follow up. The primary outcome will be the Knee injury / Hip disability 
and Osteoarthritis Outcome Score - Physical Function Short Form (KOOS-PS / HOOS-
PS) at 3 months follow up. Secondary outcomes are the numeric rating scale for pain, 
the Oxford Knee and Hip Scores, performance-based test and the EuroQol 5D-5L for 
quality of life. Healthcare use, productivity and satisfaction with postoperative care are 
measured by means of questionnaires. In total, 624 patients will be needed of which 
312 TKA and 312 THA patients.
 

Discussion: 

The study will provide evidence concerning the (cost-) effectiveness of the treat-
to-target postoperative physiotherapy treatment compared to usual postoperative 
care. The results of this study will address an important evidence gap and will have a 
significant impact in daily practice of the physio therapist.
 

Trial registration 

Registered in the Dutch Trial Registry on April 15, 2018. Registration number: 
NTR7129. https://www.trialregister.nl/trial/6933. 
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Background
In patients undergoing total knee or hip arthroplasty (TKA/THA) for osteoarthritis (OA) 
postoperative physiotherapy (PPT) is a recommended treatment (1-4). Several studies 
have demonstrated its effectiveness in improving function, range of motion and 
quality of life (5-8). Moreover, PPT also seems to play an important role in achieving 
functional independence such as return to work (9, 10). 

Despite the current evidence, there is no consensus on the optimal composition of 
the treatment, timing (when to start and stop), and dosage (frequency). This has led to 
considerable practice variation, as demonstrated by a number of studies (11-13). For 
instance, a Dutch multicenter study on 522 TKA and THA patients found variation in 
the use of active and passive treatment modalities, and large individual differences in 
duration of treatment (14). Potential sources of variation are constituted by different 
postoperative treatment protocols used by orthopedic surgeons and hospital physio 
therapists (PTs) (15), as well as variation among primary care PTs delivering the 
intervention. About 1.66 and 1.26 per 1000 people receive TKA or THA respectively 
in western countries each year (16). From the health care and societal perspective, it is 
highly relevant that the most optimal PPT treatment strategy is used. Therefore, more 
knowledge on optimized PPT strategies is necessary (16, 17).  

It is conceivable that PPT may be optimized by using a standardized treatment, that is 
tailored to the patient’s individual situation. Previous research has shown that targeting 
treatment using specific milestones, also called treat-to-target strategy, was found 
to assist physicians in disease management, by simplifying and facilitating disease 
management decisions (18). It is proven effective in improving clinical outcomes in 
various chronic conditions such as, cardiovascular disease and rheumatoid arthritis 
(12, 19, 20). However, milestones are currently not routinely used in PPT after TKA or 
THA to direct treatment. Another way via which care can be optimized is by use of a 
transmural care pathway, which includes a short stay (1-2 days) and acute (secondary 
care) and post-acute care (primary care). In TKA and THA these transmural pathways 
are known to result in less postoperative complications, shorter length of hospital 
stay and lower costs during hospital stay when compared to standard care (3-4 nights 
inpatient)(21-23). Hence, a transmural pathway for PPT after TKA and THA linking 
all organizational aspects related to the continuum of TKA/THA care might also 
improve PPT. As such, we propose an individualized PPT intervention that is relatively 
standardized, yet the precise content, frequency and duration of treatment are 
determined by the acquisition of individualized, functional milestones. 

3
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This research topic was prioritized on the research agenda of the Dutch Orthopaedic 
Association (NOV). Within this project, the NOV and the Royal Dutch Society for 
Physio therapy (KNGF) collaborate. 

Trial objectives

The aim of the present study is to evaluate the (cost-) effectiveness of a standardized, 
treat-to-target PPT strategy in TKA and THA patients compared to usual PPT. We 
hypothesize that with the standardized treat-to-target strategy better functional 
outcome can be achieved compared to usual care with lower costs (superiority 
study). The results of this study will be used to develop and implement a nationwide 
treatment strategy for PT after TKA/THA , and will be integrated in national guidelines 
of PTs and orthopedic surgeons. 

Primary objective

1.	 To assess whether the functional outcome of a standardized, personalized treat-to-
target PT strategy after TKA and THA is superior to usual care PPT after 3 months 
follow-up. 

2.	 To assess whether a standardized, personalized treat-to-target PPT strategy is 
more cost-effective compared to usual care PPT after 12 months follow-up.

Secondary objective

1.	 To assess whether the functional outcome of a standardized, personalized treat-
to-target PPT strategy after TKA and THA is superior to usual care PPT during the 
follow-up of 12 months. 

2.	 To assess the difference in function, performance-based tests, pain and quality of 
life, as well as anchor questions, and satisfaction question; between both groups 
over time (6 weeks, 3,6,9 and 12 months) during the first year. 

Methods
Study design and setting

We will use a multicenter, cluster randomized design. The 18 active including centers 
are; Alrijne hospital (Leiderdorp), Bergman Clinics (Rijswijk), Canisius Wilhelmina 
hospital (Nijmegen), Diakonessenhuis (Utrecht), Elisabeth-Tweesteden hospital (Tilburg), 
Erasmus MC University Medical Center (Rotterdam), HAGA hospital (Den Haag), 
hospital Gelderse Vallei (Ede), Leiden University MC (Leiden), Máxima MC (Eindhoven), 
MC Leeuwarden, Northwest Clinics (Alkmaar) OLVG (Amsterdam), Spaarne hospital 
(Hoofddorp), Tergooi hospital (Hilversum), University MC Groningen, University MC 
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Maastricht and Zuyderland MC (Sittard). Lange Land hospital (Zoetermeer) and Reinier 
de Graaf Gasthuis (Delft) are participating in the study however they are not including 
patients. Reinier de Graaf is involved in developing the PPT protocol and a part of the 
patients of HAGA hospital will have surgery in Lange Land hospital.
In the intervention group, PT is delivered by selected primary care practices by 
specially trained PTs. The training is a physical training and will be given by the same 
project members. In the control group the choice to use PT and the primary care 
practice is left to the discretion of the orthopaedic surgeon and the patient. In the 
Netherlands, after TKA or THA, a referral from the orthopaedic surgeon is needed 
for the healthcare insurance. This referral is standardly given by discharge from the 
hospital.    

The planned duration of the study is three years.

The study protocol was reviewed and approved by the Erasmus MC Medical Ethics 
Committee (registration code NL61763.078.17) and was registered in the Dutch 
Trial Registry (registration number NTR7129). In all participating hospitals, the local 
responsible authorities approved the conduct of the study.

Study population

Inclusion and exclusion criteria

•	 Inclusion: Patients eligible for this trial are; a. patients with clinical and radiological 
knee or hip OA who are scheduled for a primary TKA or THA, b. willing to comply 
with the study protocol and c. providing written informed consent. 

•	 Exclusion: Patients with a TKA or THA for a diagnosis other than OA; b. 
uncontrolled cardiovascular disease or hypertension; c. history of neuromuscular 
disorder that affects lower extremity function, d. terminal illness; e. planned 
replacement of another joint during study follow-up; f. not able to attend follow-
up measurements; g. not able to attend the PPT in primary setting; h. serious 
psychiatric disorders; i. insufficient command of the Dutch language, spoken and/
or written.

Recruitment 

Patients who are scheduled for a primary TKA or THA in one of the participating 
hospitals and meet the eligibility criteria will be informed about the study by means of 
oral and written information. After written consent, baseline measurements are carried 
out. Recruitment is done by an orthopedic surgeon or researcher on his/her behalf.

3
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Randomization

To avoid contamination between treat-to-target intervention and usual care, 
randomization will take place on hospital level. 

A randomization list was created by an independent statistician using Sealed 
Envelope (London, UK). Random permuted blocks sizes of 4, 6 and 8 were used, and 
randomization was stratified by type of hospital (academic or general). Upon request 
of the trial management, the independent statistician randomized a site using the 
randomization list and communicated the site allocated treatment strategy by e-mail. 
The trial management remained blind to the randomization throughout the study.

Blinding

The study is an open-label trial. 

Intervention

Development Treat-to-target intervention

The treat-to-target PPT is presented in the form of a transmural care pathway and was 
developed in four different phases knowingly, 1) an inventory phase, 2) development 
of the first draft, 3) development second draft, 4) finalizing treat-to-target PPT (Figure 
1)). In the first phase, a literature study on the efficacy of PPT was done, in which 
guidelines regarding THA and TKA were taken into account. Also, an assessment of 
the existing perioperative treatment protocols in the Netherlands was conducted. 
Based on a selection of best practice (integrality and evidence based), one protocol 
was selected as the fundament for our treat-to-target intervention. In the second 
phase this protocol was adapted and supplemented using literature and guidelines. 
Hereafter the first concept of the protocol was discussed in an expert meeting of 
one primary and one secondary PT, a patient and orthopedic surgeons. In the third 
phase, the concept protocol was adjusted and details regarding the implementation 
in daily practice were added by 2 PTs who have extensive experience in the field 
of developing treatment protocols. The second concept of the protocol was again 
presented to the PTs, the patient and orthopedic surgeons who attended the first 
expert meeting for feedback. In the fourth and last phase, the protocol was adjusted 
based on the feedback of the expert panel resulting in final our treat-to-target 
intervention. This intervention consists of a preoperative assessment by the primary 
PT, secondary PPT and a comprehensive and personal transferal from the hospital PT 
including a Modified Iowa Levels of Assistance Scale (MILAS) score as a starting point 
of the secondary PPT.
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Intervention arm: Treat-to-target intervention

First the necessity of PPT will be screened by a standardized assessment of the 
patient’s health status, personal-, external factors and achievement of functional 
milestones. This assessment will be performed by the primary care PT in the first 
appointment after surgery (within 3 days after discharge from the hospital). Those 
needing PPT in primary care receive a standardized, personalized, time contingent 
program, focused on evidence-based components such as muscle strengthening 
and functional exercises. Exercises, selected by the PT, are available via an app or 
printed by the PT via Physitrack , an online available exercise program. The progress 
of functioning of the patient will be regularly evaluated regarding achievement of 
functional milestones. After reaching the milestones, PPT is ended and patients will 
receive a tailored advice with home-based exercises in combination with referral to 
exercise activities in the community. 

Control arm: Usual Care 

The use of PT and the choice of the physical therapist, is left to the discretion of the 
treating physician and the patient. 

Assessments

Patients will be asked to fill in questionnaires at baseline, and at 6 weeks, 3- (primary 
end-point), 6-, 9 and 12-months follow-up. Performance-based tests will be performed 
at baseline, 6- and 12 months (see Table 1 for an overview). In each participating 
hospitals an assessor will be trained by the coordinating researcher to perform these 
Performance-based tests. 

Patient characteristics

At baseline the following patient characteristics will be obtained: age, sex, side 
affected, height, weight, education level, ethnical background, living situation (living 
alone, living with partner, living with partner and child(ren) and living with children), 
duration of complaints, previous surgery and existing comorbidities.

Primary outcomes
Physical functioning

Physical functioning, assessed by the 5-item short version of the validated Dutch 
translation of the Hip disability and Osteoarthritis Outcome Score (HOOS) (24, 25) or 
the 7-item short version of the Dutch translation of the knee injury and Osteoarthritis 
Outcome Score (KOOS) questionnaire (26, 27). Function scores will be determined on 
a scale from 0 (severe impairments in function) to 100 (no impairments in function).

3



53

Direct and indirect costs

Medical consumption (visits to health care providers and usage of prescribed or 
over the counter medication), absence from work or decreased productivity at work, 
and patient costs to be able to do cost-effectiveness analysis will be assessed with 
a questionnaire at 3,6,9 and 12 months postoperative. Our questionnaire is based 
on the questionnaire for Costs associated with Psychiatric Illness (TiC-P) from the 
institute of medical technology assessment (28). We have left out the irrelevant 
questions about psychiatric consultations. We added questions about PT consultation 
(frequency) and specified medication in use of pain medication.

Secondary outcomes
Pain and functioning

performance-based test 

performance-based test as recommended by Osteoarthritis Research Society 
International (OARSI) (29) namely , 30 sec “chair-stand test”, “40m walk test” and 
“stair negotiation” test, will be evaluated by the assessor. Assessors in all participating 
hospitals are trained in using a Dutch translated OARSI protocol. These tests will be 
performed at baseline, 3 months and 12 months. 

Self-reported pain and function

Numeric Rating Scale 

Hip and knee pain severity in rest and during activities in the past week will be 
assessed by the Numeric Rating Scale (NRS) (30). Scores range between 0 (no pain) 
and 10 (worst pain imaginable). 

Oxford Hip score / Oxford Knee Score 

Pain intensity and functional limitations in daily activities will be assessed by the 
Oxford Hip score (OHS) (31) and the Oxford Knee Score (OKS) (32). Both consist of 12 
questions; each question will be scored from 0 to 4 with 4 being the best outcome. 
Overall scores running from 0 to 48 with 48 being the best functional outcome.

The Animated Activity Questionnaire (AAQ)

Basic daily activity limitations will be assessed with the Animated Activity 
Questionnaire (AAQ) (33) in which patients see video animations of 17 different basic 
daily life activities. These activities closely mimic real-life situations. For each activity, 
three to five different levels of difficulty in performing the activity are shown as video 
animations at the same time. The patient is asked to choose the video that best 
matches his or her own performance. Function scores will be determined on a scale 
from 0 (severe impairments in function) to 100 (no impairments in function). This video 
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animated questionnaire will be assessed during the physical assessment appointment 
at baseline, 3 months and 12 months.

Quality of life
EuroQol-5D-5L 

Health-related quality of life will be assessed by the EuroQol-5D-5L (EQ-5D-5L)(34). 
This questionnaire consists of five domains (mobility, self-care, daily activities, pain/
discomfort, and anxiety/depression) in which the patient can self-rate their severity 
of problems on a 5-point scale ranging from no problems to  extreme problems or 
unable to perform the task.

Postoperative physical therapy (PPT)

Based on experiences in previous studies among physical therapists and patients 
(14), we will retrospectively evaluate, in the intervention group, the care of the PPT 
and the compliance of the patients by asking the physical therapists and patients 
to fill out predefined report forms (14). The set of questions comprised the survey 
regarding PPT. In a random sample of 5% we will evaluate the status of the patient of 
the participating physical therapist what the given PPT care was (content, duration, 
frequency), and whether this agrees with the case report forms as described above.
In the control group we will also retrospectively evaluate the content, duration and 
frequency of the PPT with the same report forms.

Process evaluation 
Anchor and satisfaction questions

Two anchor questions (“How is your daily functioning changed since your surgery?”/ 
“How are your pain complaints changed since your surgery?”, a patient satisfaction 
question on their surgery (“How satisfied are you (in general) about the results 
of your surgery?”), and a question regarding the given PPT (“How satisfied are 
you (in general) about the results of your PT treatment?”) will be evaluated at all 
postoperative time points. 

(Serious) Adverse events & dropout rates

Any (S)AE will be communicated by the local researcher to the central researcher as 
soon as they become aware of it. The central researchers will report a SAE by the 
Centrale Commissie Mensgebonden Onderzoek (CCMO) via Toetsingonline within 7 
(death or life threatening situations) or 15 (remaining SAE’s) days. All drop-outs and 
protocol violations will be recorded.

An overview of the assessments can be found in table 1.

3
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Sample size and power calculation

Our primary research hypothesis is that the improvement in physical function in our “treat-
to-target” intervention will be superior to the improvement in the usual care group at 3 
months, measured by the HOOS-PS/KOOS-PS score. 
The power calculation is based on the proof of superiority, and calculated for patients 
undergoing TKA and THA separately. The reported standard deviation (SD) of the KOOS-
PS and HOOS-PS 3 months after physiotherapy in TKA and THA patients was 15.6 and 
11.8, respectively (35-41). For the intra cluster correlation coefficient we used an interclass 
correlation coefficient (ICC) of 0.06, which is generally reported in literature for hospital 
processes. To detect superiority of the treat-to-target PPT intervention to usual PPT we 
assessed the required sample size based on the following assumptions, a minimally clinical 
important difference (MCID) of 10 points, and a SD of 15.6. Since a MCID of the KOOS-PS 
and HOOS-PS after postoperative physiotherapy in TKA/THA patients is not yet available, 
a MCID was chosen based on expert opinion, namely 10 points on the KOOS-PS and 
HOOS-PS (42, 43). 

Primary outcome 

We propose a cluster RCT (randomization on hospital level) with an intracluster correlation 
coefficient of 0.06 and in total 18 participating hospitals. Sample sizes of 90 in group one 
and 90 in group two, which were obtained by sampling 9 clusters with an average of 10 
subjects each in group one (180 patients) and 9 clusters with an average of 10 subjects 
each in group two (180 patients), achieve 90% power to detect a difference between the 
group means of at least 10. The coefficient of variation of cluster sizes is 0,500. A two-
sided t-test was used with a significance level of 0,05. This test used degrees of freedom 
based on the number of subjects. To account for a 25% of drop out 240 TKA and 240 THA 
patients will be needed.

Secondary outcomes

We also assessed the needed numbers to detect superiority of the treat-to-target PPT 
intervention to usual PPT for the outcome improvement of pain severity as assessed by 
the NRS. Based on a MCID of 1 point on the NRS, and a SD of 2 the needed numbers 
were assessed. Sample sizes of 117 in group one and 117 in group two, which were 
obtained by sampling 9 clusters with an average of 13 subjects each in group one (234 
patients) and 9 clusters with an average of 13 subjects each in group two (234 patients), 
achieve 91% power to detect a difference between the group means of at least 1. The SD 
of subjects is 1.7. The intracluster correlation coefficient is 0.06. The coefficient of variation 
of cluster sizes is 0.500. A two-sided t-test was used with a significance level of 0.05. This 
test used degrees of freedom based on the number of subjects. To account for a 25% of 
dropout,624 patients will be needed of which 312 TKA and 312 THA patients. 
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Feasibility of recruitment

Given the planned inclusion period of 12 months and the 18 centers participating and 
with an expected 100 inclusions a year (~2 per week), accounting for patients who are not 
willing to participate, we expect to have sufficient numbers for our hypothesis. The length 
of the inclusion period is based on the inclusion rate of the assumed slowest including 
hospitals (UMCs).

Data management

All data are handled confidentially and anonymized in compliance with the Dutch 
Personal Data Protection Act (”Wet Bescherming Persoonsgegevens”). Questionnaires 
are collected digitally, and the patient study data are stored in a coded way using 
secured data management software system Castor EDC (44). In case an email address is 
not available, a paper case report form is sent to the patient. When patients fill in their 
questionnaires on paper, documentation is stored in the investigator site file. Each patient 
is assigned a random study number that is used for all documentation, study reports and 
publications. The key to this study number is handled by an independent researcher. All 
data will be stored during the study period in Castor EDC, after the study is finished the 
data will be stored for 15 years. Documentation, such as questionnaires filled in on paper 
and signed informed consent forms, stored in the investigator site file will be stored at 
each site.  

Statistical analysis

The results will be analyzed separately for TKA and THA. We will analyze patients as 
treated.  

Primary outcome measure

The difference between both groups in change of KOOS-PS/HOOS-PS between baseline 
and 3 months follow-up score will be used as primary outcome. Patients will be analyzed 
as treated. 

The primary analyses will be performed by using mixed models (change in KOOS-PS/
HOOS-PS during 3 months as dependent and intervention as independent variable). 
Change between baseline and 3 months follow-up score will be used as primary 
outcome. Hospital variable will be used to indicate the correlation structure in the model. 
Adjustments will take place for baseline values of KOOS-PS/HOOS-PS.  Of variables of 
which a priori is known that they are associated with the change in KOOS/HOOS-PS, 
based on previous studies or based on a strong clinical rationale will be considered as 
covariates in the primary analysis. These covariates are age, gender, BMI, and surgical 
approach in THA (anterior, lateral and postero-lateral). The assumptions of constant 
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variance and linear relationships will be assessed. Should any of these assumptions 
seriously fail then transformation of the dependent or independent variable(s) (where 
applicable) will be used. The choice of which transformation (e.g. square root, logarithm) 
will be used will be based on the specific distribution of the residuals. 

Secondary outcomes

By using repeated measures mixed models analyses the course of the secondary 
outcome(s) over time of both interventions will be compared. The following time points 
will be used, baseline and follow-up measurements at 6 weeks, 3, 6, 9, 12 months.

Change in secondary outcomes will be used as dependent variable. As secondary 
outcomes will be used: KOOS-PS/HOOS-PS; OKS/OHS, NRS, AAQ, EuroQol-5D-5L, 
performance-based test and the anchor and satisfaction questions.

Economic evaluation

The economic evaluation will consist of a cost-utility analysis from a societal perspective 
(costs per QALY), based on patient reports and with an undiscounted one-year time 
horizon. Average costs and outcomes will be statistically compared using net-benefit 
analysis, with multiple imputation to account for missing data. Quality-adjusted life years 
(QALYs) will be estimated using the Dutch tariff for the quarterly EQ-5D-5L measurements. 
Societal costs will include healthcare costs, patient and family costs, and productivity 
costs. The timing, contents, frequency and duration of PPT will be measured using the 
study registrations. Other healthcare use and productivity will be reported by patients 
using quarterly questionnaires (including general practitioner visits, outpatient visits, 
hospital days, medication, home and informal care, patient costs, absence from work, 
and productivity while at (unpaid) work). Healthcare will be valued using reference prices 
obtained from the Dutch guidelines for economic evaluations in healthcare, including time 
and travel costs. Sensitivity analysis will be performed on the cost perspective (healthcare 
instead of societal perspective), the valuation of productivity (human capital instead of 
friction cost approach) and the utility measure used to calculate QALYs (Visual analogue 
scale for health (with power transformation) instead of Dutch EQ-5D-5L tariff).

In addition to the CUA, a budget impact analysis (BIA) will be performed. In a cost-
calculator spreadsheet model, budget impact will be evaluated from the perspectives of 
the Dutch ‘Budgettair Kader Zorg’ (BKZ), health insurers, and the different care providers. 
The analysis will take into account the current mix of treatments, with prices appropriate 
for the perspective, a 4-year time-horizon and different scenarios for the rate of uptake.
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Discussion
The PATIO trial is, to our knowledge, the first study that analyses the (cost-)effectiveness 
of a standardized, personalized postoperative physiotherapy protocol compared to usual 
postoperative care in patients with OA receiving TKA/THA.

Given the large variation in the provision of PPT, which seems to be not or weakly 
associated with patient characteristics, a more standardized, personalized approach seems 
warranted. The planned randomized controlled trial, with an economic evaluation will 
answer the question whether patients who receive a treat-to-target intervention recover 
with better functional outcomes against lower costs compared to the usual care PPT. From 
the health care and societal perspective it is extremely relevant that the most optimal 
PPT treatment strategy is used, as it concerns about 1.66 (THA) and 1.26 (TKA) per 1.000 
people per year in western countries (16).

Besides measuring the (cost-) effectiveness of a treat-to-target PPT we also asses a 
broader range of health aspects (e.g. physical function, pain, comorbidities, perceived 
health and mental factors, information on insurance and satisfaction level of the results 
of their surgery and the PT) because several factors can influence the individual recovery 
after TKA/THA. 

Strengths of the study include the nationwide multicenter design, supported by multiple 
involved professions. PTs are trained to work with the treat-to-target protocol. PTs who 
are trained on the protocol will unconsciously adapt their usual care treatment. To avoid 
contamination between the treat-to-target PPT and the usual care PPT a cluster RCT 
design was chosen. When a PT is trained by the treat-to-target protocol he/she will 
only treat patients in the intervention group. Since the power and precision of a cluster 
randomized trial is lower than an individually randomized trial, our study needs more 
participants to obtain the same statistical power. Another possible limitation of the study is 
the variation in surgical techniques which may have a different effect in the first months of 
the revalidation period of the patient.  

The results of this study will address an important evidence gap and will have significant 
impact on the daily practice of the physiotherapist.

3
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Trial status

The study inclusion has started in August 2018 and is still ongoing.
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Tables & figures
Table 1. Overview of measurement PATIO study. 

Allocation Enrolment Post-allocation Close-out

TIMEPOINT Randomization Baseline, at 
inclusion

6 weeks ,3, 6, 9 -months 
follow-up

12-months 
follow-up

ENROLMENT

Eligibility screen X

Informed consent X

Allocation X

INTERVENTIONS

Intervention group: 
Treat to target 

X X

Control group: 
Usual care 

X X

ASSESSMENTS:

Demographic; age, 
gender, side affected, 
BMI, education level, 
comorbidity 

X

HOOS-PS / KOOS - PS X X X

OHS / OKS X X X

NRS X X X

AAQ X X (only at 3 months) X

EQ5-D5L X X X

Satisfaction question X X

Cost-effectiveness X X

Performance-based tests X X (only at 3 months) X

(Serious) Adverse events X X
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Figure 1. Development PATIO treat to target intervention care pathway
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Abstract

Introduction

This nationwide superiority cluster randomized controlled trial evaluated the 
effectiveness of a personalized, treat-to-target postoperative physical therapy (PPT) 
strategy compared to usual care after total hip arthroplasty (THA) and total knee 
arthroplasty (TKA).

Methods

There were 18 hospitals randomized to treat-to-target or usual PPT, with 624 patients 
undergoing primary THA or TKA being eligible for participation. Assessments were 
conducted preoperatively and at six, 12, 24, and 52 weeks after surgery. The primary 
outcome was change in physical functioning three months after surgery, assessed 
with the Hip/Knee injury Disability and Osteoarthritis Outcome Score - Physical 
Function Short Form (HOOS-PS/KOOS-PS). Comparisons between groups were 
done using marginal models, including hospital as a fixed effect, with adjustment for 
sociodemographic and clinical characteristics. There were 312 THAs (53% women, age 
67 years (range, 40 to 88)) and 312 TKAs (55% women, age 67 years (range, 41 to 88)) 
included. The THA patients received, on average, around 20 PPT sessions, and TKA 
patients around 30 sessions.

Results

All groups showed significant and clinically relevant improvements in function. There 
were no statistically significant between-group differences in change scores found for 
either HOOS-PS (19.9 (95% confidence interval (CI) 17.8 to 22.1) in the intervention 
group versus 18.2 (95% CI 16.0 to 20.5) in the control group) or KOOS-PS (31.3 (95% 
CI 29.3 to 33.4) versus 31.1 (95% CI 29.0 to 33.2), respectively) at 3-month follow-up.

Conclusion

The use of a personalized treat-to-target PPT strategy had no additional benefits over 
usual PPT regarding physical functioning after THA or TKA. The COVID-19 pandemic 
is a potential study limitation; findings should therefore be interpreted with caution.
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Introduction
In Western countries, each year about 1.66 and 1.26 per 1,000 people receive total 
hip or knee arthroplasty (THA or TKA), respectively (1, 2). Postoperative physical 
therapy (PPT) is recommended in both orthopaedic and physical therapy (PT) 
guidelines (3-7). A PPT is used by the large majority of patients (8, 9) and delivered by 
primary care physical therapists (PTs).

In daily clinical practice, the provision of PPT delivery varies substantially in timing, 
content, intensity, and frequency (10-16). This variation may stem partly from 
professional guidelines lacking detailed recommendations (8, 17) and from studies 
providing only brief intervention descriptions (17). Overall, most interventions 
include aerobic, muscle-strengthening, and range-of-motion exercises, similar to 
observational studies (8). An important aspect of treatment that is currently lacking is 
the employment of individual goal setting, in particular regarding the achievement of 
functional milestones.

Patient-specific functional milestones may enhance outcomes after THA or TKA (18), 
however, their use was limited until recently. A treat-to-target strategy focusing on 
specific milestones was considered to be a promising avenue to more standardization 
regarding its focus on patient-specific goals and criteria to stop treatment if goals 
had been attained(18, 19). In other populations, such as mobility-impaired elderly, 
this strategy has proven cost-effective (10, 20, 21). At the time of the study, the 
Dutch clinical practice guideline for physical therapy in patients who had hip or 
knee osteoarthritis was in effect (5), which included only general recommendations 
regarding pre- and postoperative exercise therapy. There was no detailed guidance 
on the specific content of exercises, dosage (e.g., intensity or duration), or criteria 
for starting or ending treatment was provided. These general recommendations are 
also reflected in the guideline by van Doormaal et al. (22). Similarly, the orthopaedic 
surgeons’ national guideline (6, 7) offered only broad statements regarding PPT. While 
standardized rehabilitation protocols promote consistency and facilitate the delivery 
of evidence-based care, incorporating elements of individualization remains essential 
to address patient-specific needs and variability in clinical presentation. Achieving 
an optimal balance between standardization and tailored interventions is critical to 
maximizing treatment effectiveness and improving rehabilitation outcomes (23, 24). 
Another key improvement area is the appropriate PPT timing, as studies suggest that 
clear referral guidelines and timely initiation reduce complications, shorten hospital 
stays, and improve outcomes and satisfaction (18, 25-27). We developed a study 
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concerning a timely provided tailored PPT intervention, including the setting and 
monitoring of personal milestones guiding the content, frequency, and duration of 
treatment modalities (28). The primary aim of the study was to assess whether the 
change in functional outcomes of a personalized treat-to-target PPT strategy after 
THA and TKA was superior to usual care PPT after three months of follow-up. The 
secondary aim concerned the effects on functional outcomes, pain, and quality of life.

Methods
Study design and setting

The PhysiotherApeutic Treat-to-target Intervention after Orthopaedic Surgery (PATIO) 
study was an open-label, multicenter, cluster-randomized controlled trial designed as 
a superiority study. The study protocol was published previously (28). In brief, patients 
were recruited between August 1, 2018, and July 1, 2021, in 18 hospitals in the 
Netherlands. The Erasmus MC University Medical Center ethical review board approved 
the research protocol (registration code NL61763.078.17). The study was registered 
in the Dutch Trial Registry (https://onderzoekmetmensen.nl/en/trial/55756) with the 
number NL-OMON55756. In all participating hospitals, local responsible authorities 
approved the conduct of the study. This study is reported according to the Consolidated 
Standards of Reporting Trials (CONSORT) 2010 checklist for cluster randomized 
controlled trials (29). The study population is described in our study protocol (28).

Randomization and masking 
Randomization took place with clustering at the hospital level by an independent 
researcher. The study was an open-label trial. Patients who were in the control group 
were asked not to disclose their participation in the study to their treating physical 
therapist (PT). Those physical therapists (PTs) were only informed about the study 
afterwards. During the data analysis, the intervention and control allocations were 
masked.

Intervention and control conditions
Intervention arm: Treat-to-target intervention

The postoperative physical therapy (PPT) was delivered by specially trained PTs working 
in selected primary care practices in the vicinity of the intervention hospitals. The 
intervention is structured into clearly defined phases, each with specific start and end 
points. Within each phase, milestones are discussed and achieved. These milestones 
determine whether to proceed to the next phase, adjust the therapy, or discontinue it. 
The treatment protocol is described in detail in Appendix 1. 
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Control arm: Usual Care 

The advice on and use of PPT and the choice of the PT were left to the discretion 
of the treating orthopaedic surgeon and the patient. When PPT was provided, the 
PTs followed their own program or protocol specific to their practice, which varied in 
content and was unknown at the start of the therapy. Additionally, some orthopaedic 
practices were part of local or regional networks of PTs with whom they collaborated. 
However, for each participating hospital and PT, we did not systematically record 
whether they were involved in such an orthopaedic network.
In the Netherlands, the reimbursement of PPT following total hip arthroplasty (THA) or 
total knee arthroplasty (TKA) is structured within a specific insurance model. Patients 
are initially required to cover the cost of the first 20 sessions themselves. These 
sessions may be paid out-of-pocket or reimbursed through additional (supplementary) 
health insurance, depending on the patient’s coverage. Starting from the 21st session 
onward—and up to 12 months postoperatively—PT is reimbursed through the 
mandatory basic health insurance package. 

Assessments 

Assessments consisted of questionnaires and performance-based tests, where 
questionnaires were administered at baseline (preoperatively) and six weeks, three 
(primary endpoint), six, nine, and 12 months after surgery. These time points were 
in line with those from the mandatory set of Patient-Reported Outcome Measures 
(PROMS) of the Dutch Orthopaedic Interventions Registry (LROI), with the exception 
of six weeks and nine months (2). The specific time window in our study was baseline 
up to 182 days before surgery; six weeks ranging from 28 to 56 days after surgery; 
three months ranging from 63 to 110 days after surgery; six months ranging from 154 
to 210 days after surgery; nine months ranging from 235 to 303 days after surgery; 
and 12 months ranging from 323 to 407 days after surgery. When patients did not fill 
in the questionnaires within the defined time windows, we registered this as a time 
violation and excluded the patient for that specific time point. Performance-based 
tests were done at baseline and at three and 12 months and executed by a trained 
assessor.

Patient and surgical characteristics

At baseline, the following information was collected: sex, age, height (cm), weight 
(kg), living alone (yes/no), education level, physical activity, surgical date, THA or TKA, 
date of surgery, operated side (left/right), surgical approach in THA patients, and 
presence of comorbidities.
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Characteristics and use of postoperative physical therapy

Characteristics of the PTs were measured after completion of the PT treatment with 
an assessment including years of experience of the PT and the PT with specialization. 
Specialization included manual therapy, pediatrics, oncologic/lymphedema, geriatrics, 
occupational/workplace, sports, pelvic, psychosomatic, or other. The use of PT was 
assessed using this same assessment, collecting data on the location of PT (home, 
online, by phone, PT practice, nursing home, hospital outpatient clinic, rehabilitation 
center, or elsewhere), frequency per week (less than once a week, once a week, twice 
a week, or three times a week or more), duration of PT (two to four weeks, five to eight 
weeks, nine to 12 weeks, longer than 12 weeks, or other (e.g., a single session or less 
than four weeks)), and total number of PT treatment sessions.

Primary outcome
The primary outcome was change in physical functioning three months after surgery 
as measured by the 5-item short version of the validated Dutch translation of the 
Hip disability and Osteoarthritis Outcome Score Physical Function Short Form 
(HOOS-PS) (30) or the 7-item short version of the Dutch translation of the Knee injury 
and Osteoarthritis Outcome Score-PS (KOOS-PS) questionnaire (31, 32). For both 
HOOS-PS and KOOS-PS, the scores range from 0 (severe impairments) to 100 (no 
impairments).

Secondary outcomes
Pain and functioning

Self-reported hip and knee pain at rest and during activities in the past week was 
assessed by the Numeric Rating Scale for severity (NRS) (0 = no pain; 10 = worst 
pain imaginable) (33). Self-reported pain and functional limitations in daily activities 
were assessed by the Oxford Hip and Knee scores (OHS and OKS) (34, 35) (0 = 
worse functional outcomes; 48 = best functional outcome). The performance-based 
tests were those recommended by Osteoarthritis Research Society International 
(OARSI) (36) and included the 30-second “chair-stand test,” the “40 m walk test,” 
and the “stair negotiation” test. Basic daily activity limitations were assessed with the 
Animated Activity Questionnaire (AAQ) (0 = severe impairments in function; 100 = no 
impairments in function) (37).

Serious adverse events

Serious adverse events (SAEs) or adverse events (AEs) were prospectively recorded on 
a standardized form by the local researchers. The SAEs clearly related to the surgical 
intervention (i.e., THA or TKA procedure) and not to the given PPT were not reported 
as SAE. An elective hospital admission was not considered an SAE.
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Process Evaluation
Adherence

The use of PPT was evaluated among PTs and patients by a predefined report form 
on content, duration, and frequency of PPT after completion of the treatment. 
Intervention PTs received extra questions about the milestones. The compliance of 
intervention PTs was evaluated in a sample of 19 patients with fidelity assessments at 
the end of the study. In the electronic files of these patients, the presence of three key 
elements of treatment was ascertained: setting and evaluation of short- and long–term 
milestones, use of muscle-strengthening exercises, and training of functional activities 
(Supplement Table 3). The PTs were considered compliant if they met all three key 
elements.

Patient satisfaction

The process evaluation among patients comprised two anchor questions and two 
satisfaction questions, which are described in more detail in our study protocol (28). 
We used the three-month point to describe our results.

Sample size calculation 

To demonstrate the superiority of the treat-to-target PPT intervention as compared to 
usual PPT, a minimal clinically important difference of 10 points on HOOS-PS/KOOS-
PS and a standard deviation (SD) of 15.6 was used (38, 39). In total, 312 THA and 312 
TKA patients would be needed, accounting for a dropout of 25%.

Data Analyses

All analyses were stratified for THA or TKA and performed according to the intention-
to-treat principle. The latter is in contrast with the procedure as described in the 
published study protocol (28). The superiority of the intervention with respect to 
improving HOOS-PS and KOOS-PS scores at three months was tested using marginal 
models (Generalized Estimating Equations (GEE) approach), including hospital as 
a fixed effect and a compound symmetry covariance matrix. The GEE is used for 
analyzing correlated data, such as repeated measures, similar to repeated-measures 
Analysis of Variance (ANOVA) or mixed models. Unlike mixed models, which estimate 
subject-specific effects, GEE provides population-averaged estimates and is robust 
to misspecification of the correlation structure—making it suitable when the focus is 
on overall group effects. On the basis of a strong clinical rationale, we adjusted for 
baseline values of HOOS-PS / KOOS-PS, age, sex, and body mass index (BMI), as well 
as surgical approach (in THA patients, direct anterior, lateral, and posterior-lateral). 
The same approach was used with the secondary outcomes. We also performed 
marginal models (GEE approach). These models included the hospital as a fixed effect 
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and a compound symmetry covariance matrix. These models were adjusted for age, 
sex, BMI, and surgical approach in THA patients. For all models, the assumptions of 
constant variance and linear relationships were assessed. Analyses were performed 
in IBM Statistical Package for Social Sciences (SPSS) Statistics version 28 (Chicago, 
Illinois, United States) and R version 4.2.1 (Auckland, Auckland Region, New Zealand). 

Study population

Figure 1 presents the flowchart of THA and TKA patients in the present study. A total 
of 312 THA patients and 312 TKA patients were included in the study. Of the THA 
patients, one patient in the intervention group and two in the control group did not 
receive THA. There were seven patients in the intervention group who did not receive 
the treat-to-target PPT. After three months, 93% of patients in both groups completed 
the HOOS-PS; after 12 months, this was 85% in the intervention group and 91% in the 
control group. Of the 312 TKA patients, three patients in the intervention group did 
not receive TKA, and 10 did not receive the treat-to-target PPT. After three months, 
95% of patients in the intervention group and 88% in the control group completed 
the KOOS-PS; after 12 months, this was 86% in the intervention group and 82% in the 
control group. 
Characteristics of THA and TKA patients

Among THA patients, women comprised 45% of the intervention group and 
60% of the control group. The mean age was 66 years (range, 40 to 83) in the 
intervention group and 68 years (range, 43 to 88) in the control group. Other baseline 
characteristics were comparable across groups for both THA and TKA (Table 1).

Characteristics and use of postoperative physical therapy

Table 2 shows the use of PPT in THA and TKA patients. A total of 121 physiotherapists 
from 63 practices were trained in the intervention protocol. Data for the control group 
were limited due to a low response rate (47%). On average, 76% of THA patients in 
both groups reported receiving PPT, 10% did not receive PPT, and 14% had missing 
data. Among TKA patients, 83% in the intervention group and 79% in the control 
group reported receiving PPT, with 17% missing data. The mean number of PT 
sessions was 20 (SD [standard deviation] 17) for THA intervention patients and 19 (SD 
17) for control patients. For TKA patients, the mean was 29 (SD 20) in the intervention 
group and 32 (SD 27) in the control group. Frequency and duration of PPT were 
similar across groups: most patients attended two sessions per week, with treatment 
lasting over nine weeks for most THA patients and over 13 weeks for most TKA 
patients. There were no significant differences observed between groups in exercise 
type, instructions, or activities of daily living (ADL) practice (Supplementary Table S1). 
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Compliance with the intervention protocol was 13 of 19 physiotherapists based on 
a sample of 19 patients (Supplementary S3). According to the defined key elements 
described in Supplementary S3, most of the non-compliant PTs did not evaluate the 
phase 1 milestones during the first treatment session.

Results
Primary outcome

Figure 2 shows the adjusted change in the Hip/Knee injury Disability and 
Osteoarthritis Outcome Score - Physical Function Short Form (HOOS-PS/KOOS-
PS) three months after surgery. Both total hip arthroplasty (THA) and total knee 
arthroplasty (TKA) groups showed clinically relevant improvements in HOOS-PS/
KOOS-PS at three months of follow-up. We found no statistically significant 
differences between the intervention and the control group for both THA (-2.40 (95% 
CI [confidence interval]: -6.21 to 1.41)) and TKA patients (-0.85 (95% CI: -4.46 to 2.75)) 
at three months follow-up.

Secondary outcomes

Tables 3 and 4 show the estimated means from our Generalized Estimating Equations 
(GEE) models at each measurement point. In addition, the adjusted differences at 
each specific time point are shown. Hence, these differences accounted for baseline 
imbalances between the intervention and control groups and may, therefore, differ 
from the observed differences in estimated group means at each time point. For 
the HOOS-PS scores, no significant differences were shown for the secondary 
endpoints. Most other secondary outcomes also showed no significant differences in 
the THA population. However, at both three and six months, the Animated Activity 
Questionnaire (AAQ) showed a significant improvement in the intervention group 
compared to the controls (Table 3), whereas the Rating Scale for Severity (NRS) during 
activity showed a more pronounced improvement in the control group compared 
to the intervention group at three, six, and 12 months. Also, in the TKA population, 
most secondary outcomes showed no significant difference between the groups 
(Table 4). However, at 12 months the TKA intervention group showed a significantly 
greater improvement in KOOS-PS with 3.63 points (95% CI: -6.62 to 0.63); also, they 
improved more with regard to the 40-meter fast-paced walk test, with change score 
differences of 3.10 seconds (95% CI: -5.56 to -0.64) at three months and 3.25 seconds 
(95% CI: -5.95 to -0.55) at 12 months.
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Anchor and satisfaction scores

Regarding the anchor questions, THA patients in the intervention group reported a 
mean score of 5.75 (95% CI: 5.54 to 5.99) for change in functioning and 6.07 (95% CI: 
5.88 to 6.26) for change in pain (Table 3). THA patients in the control group reported a 
mean score of 5.73 (95% CI: 5.50 to 5.95) for change in functioning and 6.16 (95% CI: 
5.95 to 6.37) for change in pain. In TKA intervention patients, these scores were 5.23 
(95% CI: 5.00 to 5.45) and 5.45 (95% CI: 5.24 to 5.67), respectively (Table 4). For the 
TKA control group, these scores were 5.08 (95% CI: 4.85 to 5.31) and 5.46 (95% CI: 5.24 
to 5.68), respectively. The THA patients reported satisfaction with the result of treatment 
after three months: a 7.85 in the intervention group and an 8.36 in the control group. 
For TKA patients, these scores were 8.25 and 8.14, respectively (Table 2). 

Adverse and serious adverse events

The adverse events (AEs) were not actively solicited; only those reported by 
participating centers or patients were documented. There were no study-related 
serious adverse events (SAEs) that occurred in either group (Supplementary Table S2).

Discussion
This study assessed the effectiveness of a personalized, treat-to-target postoperative 
physical therapy (PPT) strategy compared to usual care following total hip arthroplasty 
(THA) or total knee arthroplasty (TKA). Both THA and TKA patients showed 
improvements in functional outcomes, quality of life, and pain post-surgery. However, 
our personalized, treat-to-target PPT intervention did not demonstrate greater 
benefits in improving these outcomes compared to usual care.

There were two systematic reviews on physical therapy (PT) after THA and TKA 
in osteoarthritis (OA) patients that reported improvements in physical function, 
mobility, pain, and quality of life (40, 41). However, direct comparison with our study 
is challenging, as none of the reviewed interventions employed a treat-to-target 
including milestones compared to usual care. Furthermore, the Dutch standard of care 
may differ from other (European) healthcare systems due to its distinct organization 
and funding structure. The lack of contrast between groups may be partly explained 
by the fact that, postoperatively, all patients—regardless of allocation—had access to 
an unlimited number of reimbursed sessions the first year after surgery. This context-
specific feature of the healthcare system may limit the generalizability of findings to 
countries with different insurance structures. However, the first 20 sessions require 
out-of-pocket payment or additional insurance coverage, which may inadvertently 
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contribute to disparities in access and outcomes, particularly among patients who 
have limited financial resources or inadequate supplementary coverage (42, 43).

Contrary to our expectations, THA and TKA patients in the intervention and control 
groups received a similar number of PT sessions, with no differences in PPT frequency 
or duration. Several factors may explain the lack of this contrast. Physical therapy 
(PT) practices have improved, with greater adherence to the Royal Dutch Society 
for Physiotherapy (KNGF) guidelines and more personalized treatment protocols 
(9). This is reflected in the observed increase in the use of active exercise therapy 
and the similarity in PPT content between group observations (12, 15). Hence, the 
KNGF guidelines generally recommend personalized care approaches and the use 
of patient-centered tools, such as the Patient-Specific Complaints instrument (PSK), 
for goal setting and evaluation (5). Additionally, variation in PPT care appears to have 
decreased compared to previous studies (12, 15).

However, the low response rate of the physical therapists (PTs) in the control group 
may have introduced selection bias, warranting cautious interpretation of these results. 
Further improvements in OA care, including better collaboration between orthopaedic 
surgeons and PTs and a shift toward patient-centered care, likely contributed (40, 41). 
For instance, slower recovery after arthroplasty has been associated with prolonged 
PT duration, suggesting that individualized treatment plans are now commonly 
used (15). The establishment of PT networks with standardized protocols and the 
introduction of 1.5-line care have further streamlined transitions between primary 
and secondary care, improving access to specialized services. Another interesting 
observation is the higher proportion of specialized PTs in the control groups who 
may bring greater motivation and expertise (44-46). While no specific THA or TKA 
specialization exists in the Netherlands, specialized PTs may still enhance outcomes. 
Intervention compliance may have played a role. A random sample showed 79% 
compliance among intervention PTs, but the small sample size may have led to an 
over- or underestimation. Another possible explanation for the absence of observed 
differences is a ceiling effect (47). Commonly used outcome measures in THA and TKA 
show ceiling effects in 15 to 20% or more of patients, potentially limiting the detection 
of further functional improvements (48, 49). However, the studies reporting these 
effects used different primary outcome measures and had longer follow-up periods 
than ours, which was limited to the first postoperative year. There is one study that 
indicates the Knee injury and Osteoarthritis Outcome Score - 12 items (KOOS-12) has 
no ceiling effect one year postoperatively (50). Finally, our study, conducted between 
August 2018 and June 2021, was affected by the COVID-19 pandemic. During the 
pandemic, PT practices were closed for extended periods, leading patients to either 
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forego PPT or participate in remote sessions. Personal contact, a critical aspect of PT, 
likely enhances rehabilitation outcomes (51). This might have had a larger impact after 
TKA, as TKA recovery is often more complex than recovery after THA. As such, it may 
require closer monitoring due to pain, mobility challenges, and the need for muscle 
strengthening and gait training. These factors make hands-on, in-person therapy 
particularly important, especially in the early stages (52).

The study used a cluster design with hospital-level randomization, requiring each 
hospital to enroll a similar number of patients. Enrollment rates varied, with some 
hospitals completing recruitment before the pandemic, while others continued during 
it. Consequently, more intervention group patients received PPT during COVID-19, 
while control group patients were more likely to receive PPT pre-pandemic. We 
expected that all these challenges would impact the outcomes; however, we found 
no significant differences in clinical outcomes for patients rehabilitating during the 
pandemic (51, 53). The COVID-19 pandemic had some impact on study procedures, 
particularly regarding physical assessments, which could not be conducted in several 
hospitals. This led to missing data for certain physical outcome measures. Although 
previous studies suggest that patient engagement was not substantially influenced by 
the pandemic (51), a potential impact cannot be entirely excluded.
Strengths of the study include its nationwide multicenter design, aligning with the 
Dutch Orthopaedic Association (NOV) and KNGF knowledge agenda, enhancing 
collaboration and potential guideline implementation. Also, standard Patient-
Reported Outcome Measures (PROMs) for THA and TKA improved data collection 
response rates. 

Potential limitations include timing discrepancies between control and intervention 
groups due to the COVID-19 pandemic. Contrary to the study protocol, we used 
an intention-to-treat approach instead of an as-treated approach, which more 
conservatively reflects real-world conditions. Another potential limitation is the 
risk of performance bias due to possible disclosure of group allocation. Although 
control group patients were asked not to inform their PTs, study participation may 
be unintentionally disclosed. This may have led to differences in care, potentially 
influencing the study outcomes. Our study sample had a higher proportion of women, 
a lower average age, and higher baseline scores compared to the Dutch Arthroplasty 
Register (54), suggesting a more physically fit cohort. Standardizing measurements 
across sites was challenging, but outcome assessors were trained at each hospital. 
Also, although this study concerns a cluster randomized controlled trial in the analysis, 
they were adjusted for pre-specified confounders; residual confounding cannot be 
ruled out.
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Based on our findings, we conclude that the use of milestones within a personalized 
PT intervention does not provide additional benefits over usual care for patients after 
THA or TKA. While we do not dispute the potential benefits of using milestones and 
personalized treatment strategies, it is possible that healthcare practices have evolved 
to incorporate these approaches more frequently. Future research should establish 
this. Moreover, future trials could investigate the (cost-) effectiveness of personalized 
rehabilitation, with particular focus on whether individualized treat-to-target strategies 
yield differential efficacy across distinct patient subgroups such as the frail elderly.

Acknowledgments 
We are thankful to Physitrack (London, United Kingdom) for providing licenses that 
allow the PTs to share exercise programs with the included patients in the study. 
We would like to express our gratitude to the NOV and KNGF for their support and 
resources. We are also thankful for Eline Schippers and Isabella Knaapen (medical 
students, LUMC), who volunteered their time and efforts for this study.

Funding

The presented study was financially supported by Leading the Change (80–
85009–98-1002) and co-financed by the Dutch Orthopaedic Association. The funders 
had no role in study design, data collection and analysis, the decision to publish, or 
the preparation of this manuscript. Leading the Change performed an independent 
peer review as part of the funding application process.

Competing interests

The authors declare that they have no competing interests.

Availability of data and materials

The datasets used and/or analysed during the current study are available from the 
corresponding author on reasonable request.

4



79

References 
1.	 Glance Haa. OECD Indicators: OECD Publishing; 2017 [Available from: https://www.oecd-ilibrary.org/

social-issues-migration-health/health-at-a-glance-2017_health_glance-2017-en;jsessionid=sHVPNloegs
vfCp0tRJdc6BR7.ip-10-240-5-110.

2.	 LROI. Online LROI annual report 2018. http://www.lroi-rapportage.nl/media/pdf/PDF%20Online_LROI_
annual_report_2018.pdf: Dutch Arthroplasty Register 2018.

3.	 Westby MD, Brittain A, Backman CL. Expert consensus on best practices for post-acute rehabilitation 
after total hip and knee arthroplasty: a Canada and United States Delphi study. Arthritis Care Res 
(Hoboken). 2014;66(3):411-23.

4.	 Westby MD, Marshall DA, Jones CA. Development of quality indicators for hip and knee arthroplasty 
rehabilitation. Osteoarthritis Cartilage. 2018;26(3):370-82.

5.	 Kampshoff dCS, Peter dWFH, MSc MCMvD, Knoop dJ, MSc GAM, Vlieland pdTPMV. KNGF-richtlijn 
Artrose heup-knie. 2018.

6.	 Richtlijn Totale knieprothese (TKP). Het Kennisinstituut van Federatie Medisch specialisten; 2021.
7.	 Richtlijn totale heupprothese (THP). Het Kennisinstituut van Federatie Medisch specialisten; 2019.
8.	 Peter WF, Tilbury C, Verdegaal SHM, Onstenk R, Vehmeijer SB, Vermeulen EM, et al. The provision 

of preoperative and postoperative physical therapy in elderly people with hip and knee osteoarthritis 
undergoing primary joint replacement surgery. Current Orthopaedic Practice. 2016;27(2):173-83.

9.	 Kornuijt A, van der Weegen W, Agricola R, Lenssen T. Satisfactory adherence to the Dutch physical 
therapy guideline for patients with a total knee arthroplasty. A survey study involving 103 specialised 
physical therapists. Musculoskeletal Care. 2024;22(2):e1909.

10.	 Artz N, Dixon S, Wylde V, Beswick A, Blom A, Gooberman-Hill R. Physiotherapy provision following 
discharge after total hip and total knee replacement: a survey of current practice at high-volume NHS 
hospitals in England and wales. Musculoskeletal Care. 2013;11(1):31-8.

11.	 Eulenburg C, Rahlf AL, Kutasow A, Zech A. Agreements and disagreements in exercise therapy 
prescriptions after hip replacement among rehabilitation professionals: a multicenter survey. BMC 
Musculoskelet Disord. 2015;16:185.

12.	 Peter WF, Nelissen RG, Vlieland TP. Guideline recommendations for post-acute postoperative 
physiotherapy in total hip and knee arthroplasty: are they used in daily clinical practice? 
Musculoskeletal Care. 2014;12(3):125-31.

13.	 Nelson MJ, Bourke MG, Crossley KM, Russell TG. Outpatient physiotherapy rehabilitation for total hip 
replacement: comparison of current practice with clinical evidence. International Journal of Therapy 
and Rehabilitation. 2018;25(11):613-22.

14.	 Chen HW, Chen HM, Wang YC, Chen PY, Chien CW. Association between rehabilitation timing and 
major complications of total knee arthroplatsy. J Rehabil Med. 2012;44(7):588-92.

15.	 Groot L, Latijnhouwers D, Reijman M, Verdegaal SHM, Vliet Vlieland TPM, Gademan MGJ, 
Longitudinal Leiden Orthopaedics Outcomes of Osteoarthritis Study G. Recovery and the use of 
postoperative physical therapy after total hip or knee replacement. BMC Musculoskelet Disord. 
2022;23(1):666.

16.	 Smith TO, Dainty JR, Clark EM, Whitehouse MR, Price AJ, MacGregor AJ. Demographic and 
geographical variability in physiotherapy provision following hip and knee replacement. An 
analysis from the National Joint Registry for England, Wales, Northern Ireland and the Isle of Man. 
Physiotherapy. 2020;106:1-11.

17.	 Wijnen A, Bouma SE, Seeber GH, van der Woude LHV, Bulstra SK, Lazovic D, et al. The therapeutic 
validity and effectiveness of physiotherapeutic exercise following total hip arthroplasty for 
osteoarthritis: A systematic review. PLoS One. 2018;13(3):e0194517.



80

18.	 Vaudreuil NJ, McGlaston TJ, Gulledge CD, Bove AM, Klatt BA. Performance milestones in 
postoperative physical therapy after total hip arthroplasty: Impact on length of stay and discharge 
destination. Curr Orthop Pract. 2018;29(4):308-15.

19.	 Lewiecki EM. Nonresponders to osteoporosis therapy. J Clin Densitom. 2003;6(4):307-14.
20.	 van de Sant AJW, de Vries NM, Hoogeboom TJ, Nijhuis-van der Sanden MWG. Implementation of a 

Personalized, Cost-Effective Physical Therapy Approach (Coach2Move) for Older Adults: Barriers and 
Facilitators. J Geriatr Phys Ther. 2019;42(3):E1-E16.

21.	 Heij W, Teerenstra S, Sweerts L, Staal JB, Nijhuis-van der Sanden MWG, Hoogeboom TJ. 
Implementation of a Cost-Effective Physical Therapy Approach (Coach2Move) to Improve Physical 
Activity in Community-Dwelling Older Adults With Mobility Problems: Protocol for a Cluster-
Randomized, Stepped Wedge Trial. Phys Ther. 2020;100(4):653-61.

22.	 van Doormaal MCM, Meerhoff GA, Vliet Vlieland TPM, Peter WF. A clinical practice guideline for 
physical therapy in patients with hip or knee osteoarthritis. Musculoskeletal Care. 2020;18(4):575-95.

23.	 Yuce E, Kocer G, Cini TA. Current concepts of oral and maxillofacial rehabilitation and treatment in 
aviation. Gen Dent. 2016;64(5):44-8.

24.	 Apen E. The impact of customized rehabilitation protocols on athletic performance. J Phys Ther Sports 
Med. 2024;8(5):225.

25.	 Featherall J, Brigati DP, Arney AN, Faour M, Bokar DV, Murray TG, et al. Effects of a Total Knee 
Arthroplasty Care Pathway on Cost, Quality, and Patient Experience: Toward Measuring the Triple Aim. 
J Arthroplasty. 2019;34(11):2561-8.

26.	 Hoeffel DP, Daly PJ, Kelly BJ, Giveans MR. Outcomes of the First 1,000 Total Hip and Total Knee 
Arthroplasties at a Same-day Surgery Center Using a Rapid-recovery Protocol. J Am Acad Orthop Surg 
Glob Res Rev. 2019;3(3):e022.

27.	 Kimball CC, Nichols CI, Vose JG. Outpatient Versus Rapid Recovery Inpatient Knee Arthroplasty: 
Comparison of Matched Cohorts. Orthopedics. 2020;43(1):36-41.

28.	 Groot L, Gademan MGJ, Peter WF, van den Hout WB, Verburg H, Vliet Vlieland TPM, et al. Rationale 
and design of the PaTIO study: PhysiotherApeutic Treat-to-target Intervention after Orthopaedic 
surgery. BMC Musculoskelet Disord. 2020;21(1):544.

29.	 Hopewell S, Clarke M, Moher D, Wager E, Middleton P, Altman DG, et al. CONSORT for reporting 
randomized controlled trials in journal and conference abstracts: explanation and elaboration. PLoS 
Med. 2008;5(1):e20.

30.	 de Groot IB, Reijman M, Terwee CB, Bierma-Zeinstra SM, Favejee M, Roos EM, Verhaar JA. Validation 
of the Dutch version of the Hip disability and Osteoarthritis Outcome Score. Osteoarthritis Cartilage. 
2007;15(1):104-9.

31.	 Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee Injury and Osteoarthritis Outcome 
Score (KOOS)--development of a self-administered outcome measure. J Orthop Sports Phys Ther. 
1998;28(2):88-96.

32.	 de Groot IB, Favejee MM, Reijman M, Verhaar JA, Terwee CB. The Dutch version of the Knee Injury 
and Osteoarthritis Outcome Score: a validation study. Health Qual Life Outcomes. 2008;6:16.

33.	 McCaffery M. Using the 0-to-10 pain rating scale. Am J Nurs. 2001;101(10):81-2.
34.	 Gosens T, Hoefnagels NH, de Vet RC, Dhert WJ, van Langelaan EJ, Bulstra SK, Geesink RG. The 

“Oxford Heup Score”: the translation and validation of a questionnaire into Dutch to evaluate the 
results of total hip arthroplasty. Acta Orthop. 2005;76(2):204-11.

35.	 Haverkamp D, Breugem SJ, Sierevelt IN, Blankevoort L, van Dijk CN. Translation and validation of 
the Dutch version of the Oxford 12-item knee questionnaire for knee arthroplasty. Acta Orthop. 
2005;76(3):347-52. 
 

4



81

36.	 Dobson F, Hinman RS, Roos EM, Abbott JH, Stratford P, Davis AM, et al. OARSI recommended 
performance-based tests to assess physical function in people diagnosed with hip or knee 
osteoarthritis. Osteoarthritis Cartilage. 2013;21(8):1042-52.

37.	 Peter WF, de Vet HCW, Terwee CB. Reliability of the Animated Activity Questionnaire for assessing 
activity limitations of patients with hip and knee osteoarthritis. Musculoskeletal Care. 2018;16(3):363-9.

38.	 Celik D, Coban O, Kilicoglu O. Minimal clinically important difference of commonly used hip-, knee-, 
foot-, and ankle-specific questionnaires: a systematic review. J Clin Epidemiol. 2019;113:44-57.

39.	 Skou ST, Roos EM, Laursen MB, Rathleff MS, Arendt-Nielsen L, Simonsen O, Rasmussen S. A 
Randomized, Controlled Trial of Total Knee Replacement. N Engl J Med. 2015;373(17):1597-606.

40.	 Fatoye F, Wright JM, Yeowell G, Gebrye T. Clinical and cost-effectiveness of physiotherapy 
interventions following total hip replacement: a systematic review and meta-analysis. Rheumatol Int. 
2020;40(9):1385-98.

41.	 Fatoye F, Yeowell G, Wright JM, Gebrye T. Clinical and cost-effectiveness of physiotherapy 
interventions following total knee replacement: a systematic review and meta-analysis. Arch Orthop 
Trauma Surg. 2021;141(10):1761-78.

42.	 Leemrijse C, Swinkels I, Bakker D. Effects of direct access to physiotherapy in The Netherlands in 2006. 
The European Journal of Public Health. 2006;16.

43.	 Kuipers T, van de Pas R, Krumeich A. Is the healthcare provision in the Netherlands compliant with 
universal health coverage based on the right to health? A narrative literature review. Global Health. 
2022;18(1):38.

44.	 Osborne R, Janson C, Black L, Jensen GM. Motivations to Pursue Physical Therapy Residency Training: 
A Q-Methodology Study of Stakeholder Perspectives. Phys Ther. 2020;100(1):57-72.

45.	 Cunningham S, Litwin B, Fernandez-Fernandez A, Canbek J. Influence of residency training on the 
clinical reasoning development of Kenyan physiotherapists. J Man Manip Ther. 2019;27(4):237-44.

46.	 Rodeghero J, Wang YC, Flynn T, Cleland JA, Wainner RS, Whitman JM. The impact of physical therapy 
residency or fellowship education on clinical outcomes for patients with musculoskeletal conditions. J 
Orthop Sports Phys Ther. 2015;45(2):86-96.

47.	 Ackerman IN, Soh SE, Harris IA, Cashman K, Heath E, Lorimer M, Graves SE. Performance of the 
HOOS-12 and KOOS-12 instruments for evaluating outcomes from joint replacement surgery. 
Osteoarthritis Cartilage. 2021;29(6):815-23.

48.	 Clement ND, Jones S, Qaddoura B, Afzal I, Kader DF. The Oxford hip score demonstrates moderate 
ceiling effects at one and two years after total hip arthroplasty: which patients are at risk and does it 
matter? Eur J Orthop Surg Traumatol. 2025;35(1):54.

49.	 Eckhard L, Munir S, Wood D, Talbot S, Brighton R, Walter B, Bare J. The ceiling effects of 
patient reported outcome measures for total knee arthroplasty. Orthop Traumatol Surg Res. 
2021;107(3):102758.

50.	 Eckhard L, Munir S, Wood D, Talbot S, Brighton R, Walter B, Baré J. The KOOS-12 shortform shows no 
ceiling effect, good responsiveness and construct validity compared to standard outcome measures 
after total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc. 2021;29(2):608-15.

51.	 Groot L, Vliet Vlieland TPM, Peter WFH, Yildiz U, Reijman M, Gademan MGJ, Pa TIOsg. The impact of 
the COVID-19 pandemic on different aspects of the delivery of physical therapy after total hip or knee 
surgery: Perspectives of patients and physical therapists. Musculoskeletal Care. 2022;20(4):964-71.

52.	 Konnyu KJ, Thoma LM, Cao W, Aaron RK, Panagiotou OA, Bhuma MR, et al. Rehabilitation for Total 
Knee Arthroplasty: A Systematic Review. Am J Phys Med Rehabil. 2023;102(1):19-33.

53.	 Bonsel JM, Groot L, Cohen A, Verhaar JAN, Gademan MGJ, Spekenbrink-Spooren A, et al. Impact of 
the COVID-19 lockdown on patient-reported outcome measures in Dutch hip and knee arthroplasty 
patients. Acta Orthop. 2022;93:808-18.

54.	 LROI. Online LROI annual report 2023. https://www.lroi-report.nl/: Dutch Arthroplasty Register; 2023.



82

Tables and Figures
Table 1. Baseline characteristics of the total hip and total knee arthroplasty population 
in a randomized control trial

THA TKA

Intervention 
group 
n = 156

Control group 
n = 156

Intervention 
group 
n = 156

Control group
 n = 156

Sex, women, n (%)
Missing

71 (45.51)
2 (1.3)

94 (60.26)
0 

88 (56.4)
1 (0.6)

81 (51.9)
2 (1.3)

Age, years (range)
Missing

65 (40,83)
2

68 (43,88)
0

66 (52,82)
1

68 (41,88)
2

BMI, kg/m2 (range)

Missing

26,98 (18.29, 
43.49)
2

27,23 (17.93, 
43.95)
0

29.47 (18.08, 
51.27)
1

29.30 (19.83, 
42.86)
2

Living condition, n (%)
- alone
- with partner and/or children
Missing

33 (21.2)
117 (75.0)

6 (3.8)

34 (21.8)
120 (76.9)

2 (1.3)

25 (16.0)
128 (82.1)

3 (1.9)

27 (17.3)
125 (80.1)

4 (2.6)

Education, n (%)
- low
- middle
- high
- other
Missing

60 (38.5)
39 (25.0)
50 (32.1)
1 (0.6)
6 (3.8)

60 (38.5)
37 (23.7)
52 (33.3)
5 (3.2)
2 (1.3)

74 (47.4)
51 (32.7)
27 (17.3)
1 (0.6)
3 (2.0)

74 (47.4)
35 (22.4)
41 (26.3)
2 (1.3)
4 (2.6)

Meeting the WHO guidelines  
on physical activity, n (%)
Missing

54 (34.6)

6 (3.8)

58 (37.2)

2 (1.3)

58 (38)

3

61 (40)

4

Comorbidity, >= one, n (%)
Missing

67 (43.0)
6 (3.8)

68 (43.6)
2 (1.3)

58 (37.2)
3 (1.9)

61 (39.1)
4 (2.6)

Surgical approach, n (%) 
- anterior lateral
- posterior lateral
- direct anterior
Missing

27 (17.3)
47 (30.1)
80 (51.3)
2 (1.3)

13 (8.3)
101 (64.8)
40 (25.6)
2 (1.3)

- -

HOOS-PS/KOOS-PS score  
(0 – 100) ‡
Missing

40.70 (15.9)

5

37.05 (16.3)

2

44.46 (16.5)

2

43.11 (14.7)

3

4
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OHS/OKS score (0 – 48) †
Missing

24.99 (8.4)
5

26.96 (8.1)
3

26.57 (8.1)
2

27.11 (8.0)
3

NRS pain (0 – 10) ‡
- in rest 
  Missing
- during activity
  Missing

5.00 (2.4)
6
3.70 (3.0)
6

4.97 (2.4)
2
4.10 (3.1)
2

4.70 (2.3)
2
6.71 (1.9)
2

4.72 (2.4)
3
6.66 (2.1)
3

AAQ score (0 – 100) †
Missing

75.79 (16.9)
16

80.33 (16.1)
6

76.54 (17.2)
12

78.56 (16.9)
3

30 seconds chair-stand test, 
counts
Missing

9.74 (3.3)

5

9.98 (3.6)

3

9.64 (3.0)

11

9.63 (3.8)

3

40 meter fast paced walk test, 
seconds
Missing

36.40 (12.8)
5

38.69 (12.8)
4

36.04 (9.6)
13

38.94 (12.1)
4

Stair climb test, seconds
Missing

18.42 (10.7)
7

20.70 (13.9)
7

20.22 (14.1)
7

24.22 (14.5)
10

Continuous variables reported with means and standard deviations, discrete 
variables reported with numbers and percentages excluding missing data. AAQ: 
Animated Activity Questionnaire; BMI: Body Mass Index; HOOS-PS: Hip disability 
and Osteoarthritis Outcome Score – Physical function Short form; KOOS-PS: Knee 
disability and Osteoarthritis Outcome Score – Physical function Short form; OHS: 
Oxford Hips Score; OKS: Oxford Knees Score; NRS: Numeric Rating Scale; THA: total 
hip arthroplasty; TKA: total knee arthroplasty. † Higher is better. ‡ Lower is better. 
Level of education is defined as low (Pre-vocational secondary education), middle 
(Senior general secondary education, Pre-university education, Secondary vocational 
education) and high (Higher Vocational and Academic education)
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Table 3. Outcomes at six weeks, and at three, six, and 12 months in total hip 
arthroplasty patients over time

Baseline 3 months 6 months 12 months

HOOS-PS (0-100) ‡

Intervention 40.45 (38.33 to 

42.58)

19.93 (17.80 to  

22.06)

15.36 (13.19 to 

17.54)

13.38 (11.18 to 

15.57)

Control 36.66 (34.40 to 

38.91)

18.25 (15.97 to 

20.52 )

13.33 (11.06 to 

15.61)

10.82 (8.54 to 

13.10)

Adjusted Difference 3.78 (0.77 to 

6.82)*

-2.12 (-5.24 to 

1.00)

-1.76 (-4.93 to 

1.40)

-1.24 (-4.42 to 

1.94)

 P-values 0.01 0.18 0.27 0.44

OHS (0-48) †

Intervention 24.90 (23.78 to 

26.02)

39.20 (38.08 to 

40.32)

41.94 (40.79 to  

43.08)

42.48 (41.33 to 

43.64)

Control 27.30 (26.11 to 

28.49)

40.93 (39.73 to  

42.13)

43.03 (41.83 to  

44.23)

44.63 (43.43 to  

45.84)

Adjusted Difference -2.40 (-4.00 to 

-0.81)*

0.67 (-0.95 to 

2.30)

1.31 (-0.34 to 

2.96)

0.26 (-1.40 to 

1.91)

 P-values <0.01 0.42 0.12 0.76

NRS rest (0-10) ‡

Intervention 5.04 (4.74 to 

5.33)

1.26 (0.96 to 

1.56)

0.94 (0.64 to 

1.24)

1.13 (0.83 to 

1.44)

Control 4.85 (4.54 to 

5.16)

0.93 (0.62 to 

1.24)

0.69 (0.38 to 

1.00)

0.48 (0.17 to 

0.78)

Adjusted Difference 0.19 (-0.23 to 

0.61)

0.14 (-0.35 to 

0.64)

0.13 (-0.37 to 

0.63)

0.46 (-0.04 to 

0,.6)

 P-values 0.38 0.57 0.81 0.07

NRS during activity 
(0-10) ‡

Intervention 3,63 (3,27 to 

399)

2.12 (1.76 to 

2.48)

1.58 (1.21 to 

1.95)

1.58 (1.21 to 

1.96)

Control 3,97 (3,5.9 to 

4.35)

1.67 (1.28 to 

2.05)

1.34 (0.95 to 

1.72)

0.86 (0.48 to 

1,.5)

Adjusted Difference - 0.34 (-0.86 to 

0.17)

0,.9 (0.21 to 

1.37)*

0.56 (-0.00 to 

1.18)

1.06 (0.47 to 

1.65)*

4
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 P-values 0.19 <0.01 0.05 <0.01

AAQ score (0 –100)

Intervention 76.10 (73.88 to 

78.33)

88.68 (86.28 to 

91.08)

- 91.32 (88.75 to 

93.88)

Control 81.91 (79.51 to 

84.30)

90.68 (88.09 to 

93.27)

- 93.63 (90.97 to  

96.28)

Adjusted Difference -5.80 (-8.93 to 

-2.68)*

3.80 (0.73 to 

6.88)*

- 3.48 (0.25 to 

6.73)*

 P-values <0.01 0.02 0.04

30 seconds chair-
stand test, counts

Intervention 9.72 (9.11 to 

10.33)

11.89 (11.22 to  

12.56)

- 13.54 (12.85 to 

14.23)

Control 10.50 (9.83 to  

11.17)

12.36 (11.63 to 

13.08)

- 13.57 (12.84 to 

14.30)

Adjusted Difference -0.78 (-1.64 to 

0.09)

0.31 (-0.55 to 

1.17)

- 0.75 (-0.13 to 

1.63)

 P-values 0.08 0.48 0.09

40 meter fast paced 
walk test, seconds

Intervention 37.29 (35.66 to 

38.91)

31.77 (29.99 to 

33.55)

- 29.61 (27.77 to 

31.45)

Control 37.61 (35.82 to 

39.40)

33.80 (31.87 to 

35.74)

- 30.93 (28.98 to 

32.88)

Adjusted Difference -0.33 (-2.65 to 

2.00)

-1.71 (-3.91 to 

0.50)

- -0.99 (-3.27 to 

1.28)

 P-values 0.78 0.13 0.39

Stair climb test, 
seconds

Intervention 19.39 (17.74 to 

21.04)

15.02 (13.29 to 

16.74)

- 14.55 (12.77 to 

16.33)

Control 19.35 (17.53 to 

21.18)

16.31 (14.40 to 

18.21)

- 14.86 (12.94 to 

16.78)

Adjusted Difference 0.03 (-2.34 to 

2.41)

-1.32 (-2.97 to 

0.33)

- -0.34 (-2.05 to 

1.37)

 P-values 0.98 0.12 0.69
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Anchor question  
(0-10) function

Intervention - 5.75 (5.54 to 

5.99)

- -

Control - 5.73 (5.50 to 

5.95)

- -

 P-values 0.89

Anchor question  
(0-10) pain

Intervention - 6.07 (5.88 to 

6.26)

- -

Control - 6.16 (5.95 to 

6.37)

- -

 P-values 0.51

Data is presented as adjusted means with 95% confidence intervals between 
parentheses. Adjustments are made for sex, age, BMI, and surgical approach. 
* p<0.05 HOOS-PS: Hip disability and Osteoarthritis Outcome Score – Physical 
function Short form; OHS: Oxford Hip Score; NRS: Numeric Rating Scale. † Higher 
is better. ‡ Lower is better. Scores of 9 months are not presented because of the 
many timeframes. The adjusted differences account for baseline imbalances between 
the intervention and control groups and may therefore differ from the observed 
differences in estimated group means at each time point.

4
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Table 4. Outcomes at six weeks, and three, six, and 12 months in total knee 
arthroplasty patients over time

Baseline 3 months 6 months 12 months

KOOS-PS (0-100) ‡

Intervention 44.15 (42.08 to 
46.21)

31.34 (29.26 to 
33.43)

26.20 (24.10 to 
28.30)

23.51 (21.37 to 
25.66)

Control 42.92 (40.86 to 
44.99)

31.09 (28.96 to 
33.22)

27.41 (25.24 to 
29.59)

25.92 (23.74 to 
28.09)

Adjusted Difference 1.22 (-1.69 to 
4.14)

-0.96 (-3.88 to 
2.00)

-2.44 (-5.40 to 
0.53)

-3.63 (-6.62 to 
-0.63)*

 P-values 0.41 0.52 0.11 0.02

OKS (0-48) †

Intervention 26.78 (25.60 to 
27.96)

36.27 (35.08 to 
37.46)

39.85 (38.65 to 
41.05)

41.55 (40.33 to 
42.78)

Control 27.24 (26.05 to 
28.42)

36.16 (34.94 to 
37.38)

39.16 (37.92 to 
40.40)

40.59 (39,.5 to 
41.83)

Adjusted Difference -0.46 (-2.13 to 
1.21)

0.57 (-1.03 to 
2.18)

1.15 (-0.48 to  
2.77)

1.42 (-0.22 to 
3.07)

 P-values 0.59 0.48 0.17 0.09

NRS Rest (0-10) ‡

Intervention 4.68 (4.34 to 
5.01)

2.37 (2.04 to 
2.71)

1.50 (1.16 to 
1.85)

1.48 (1.13 to 
1.83)

Control 4.68 (4.34 to 
5.01)

2.42 (2.08 to 
2.77)

1.67 (1.31 to 
2.02)

1.59 (1.24 to 
1.95)

Adjusted Difference -0.00 (-0.47 to 
0.47)

-0.05 (-0.58 to 
0.48)

-0.16 (-0.70 to 
0.37)

-0.11 (-0.65 to 
0.44)

 P-values 1.00 0.86 0.55 0.70

NRS active (0-10) ‡

Intervention 6.66 (6.31 to 
7.02)

3.52 (3.16 to 
3.88)

2.41 (2.04 to 
2.77)

1.90 (1.53 to 
2.28)

Control 6.63 (6.28 to 
6.99)

3.44 (3.07 to 
3.81)

2.55 (2.17 to 
2.93)

2.14 (1.76 to 
2.52)
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Difference 0.03 (-0.47 to 
0.53)

0.05 (-0.50 to 
0.60)

-0.18 (-0.73 to 
0.38)

-0.27 (-0.83 to 
0.29)

 P-values 0.90 0.86 0.54 0.35

AAQ score (0 –100)

Intervention 76.84 (74.51 to 
79.17)

83.42 (80.78 to 
86.06)

- 91.89 (88.96 to 
94.83)

Control 78.76 (76.50 to 
81.02)

84.26 (81.73 
86.79)

- 90.24 (87.47 to 
93.01)

Adjusted Difference -1.91 (-5.16 to 
1.32)

1.08 (-2.78 to 
4.93)

- 3.57 (-0.64 to 
7.79)

 P-values 0.25 0.58 0.10

30 seconds chair-stand 
test, counts

Intervention 9.67 (9.12 to 
10.22)

10.96 (10.36 to 
11.57)

- 12.39 (11.73 to 
13.06)

Control 9.70 (9.17 to 
10.24)

10.88 (10.29 to 
11.47)

- 12.03 (11.40 to 
12.66)

Adjusted Difference -0.03 (-0.80 to 
0.74)

0.12 (-0.69 to 
0.92)

- 0.40 (-0.49 to 
1.28)

 P-values 0.93 0.77 0.38

40 meter fast paced 
walk test, seconds

Intervention 36.06 (34.69 to 
37.73)

33.65 (31.83 to 
35.47)

- 29.37 (27.36 to 
31.38)

Control 38.55 (36.93 to 
40.16)

39.24 (37.46 to 
41.02)

- 35.10 (33.32 to 
37.00)

Adjusted Difference -2.49 (-4.81 to   
-0.16)*

-3.10 (-5.56 to   
-0.64)*

- -3.25 (-5.95 to 
-0.55)*

 P-values 0.04 0.01 0.02

Stair climb test, seconds

Intervention 20.23 (18.40 to 
22.06)

19.63 (17.67 to 
21.60)

- 15.47 (13.36 to 
17.59)

Control 24.02 (22.23 to 
25.82)

23.69 (21.78 to 
25.61)

- 18.53 (16.51 to 
20.54)

4



91

Adjusted Difference -3.79 (-6.35 to   
-1.23)*

-0.30 (-2.56 to 
2.02)

- 0.74 (-1.77 to 
3.25) 

 P-values <0.01 0.82 0.56

Anchor question (0-10) 
function

Intervention - 5.23 (5.00 to 
5.45)

- -

Control - 5.08 (4.85 to 
5.31)

- -

 P-values 0.38

Anchor question (0-10) 
pain

Intervention - 5.45 (5.24 to 
5.67)

- -

Control - 5.46 (5.24 to 
5.68)

- -

 P-values 0.98

Data is presented as adjusted means with 95% confidence intervals between 
parentheses. Adjustments are made for sex, age and BMI.* p<0.05. KOOS-PS: Knee 
disability and Osteoarthritis Outcome Score – Physical function Short form; OKS: 
Oxford Knees Score; NRS: Numeric Rating Scale. † Higher is better. ‡ Lower is better. 
Scores of 9 months are not presented because of the many timeframes. The adjusted 
differences account for baseline imbalances between the intervention and control 
groups and may therefore differ from the observed differences in estimated group 
means at each time point.
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Figure 1: flowchart of participant progression showing allocation, follow-up, and 
analysis. The figure indicates the number of patients lost to follow-up at each time 
point, as well as the number of patients included in the analysis at that specific 
measurement. Together, these numbers do not add up to 100%. The remaining 
category includes patients who either did not complete a questionnaire at that specific 
time point or submitted their questionnaire outside the designated time window.

4
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Figure 2: secondary outcomes of adjusted HOOS-PS and KOOS-PS over time. For 
HOOS-PS adjustments are made for sex, BMI, age, and surgical approach. For KOOS-
PS adjustments are made for sex, BMI, and age.
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Supplementary table S1.  
Content of the postoperative physical therapy asked to physical therapists.

THA TKA

Content Intervention 
group
(n = 156) 

Control group 
(n = 156) 

Intervention 
group
(n = 156) 

Control group
(n = 156) 

Number of responses  138 (88)  92 (59)  131 (84) 80 (51)

Content of therapy, n (%)
	– Passive mobilization 
	– Active mobilization 
	– Massage 
	– Muscle strengthening 
	– Gait training 
	– Balance 
	– Improving aerobic capacity 
	– Using walking aids 
	– Homework on paper/digitally 
	– Homework orally 
	– Heat therapy 
	– Ice packs 
	– Phone apps 
	– Scar massage 
	– Fluid in the leg 
	– Other 

 
53 (38) 
104 (75) 
12 (9) 
109 (79) 
108 (78) 
105 (76) 
63 (46) 
88 (64) 
76 (55) 
68 (49) 
1 (1) 
2 (1) 
1 (1) 
27 (20) 
36 (26) 
17 (12) 

 
38 (41) 
73 (79) 
12 (13) 
75 (82) 
80 (87) 
80 (87) 
40 (43) 
62 (67) 
54 (59) 
51 (55) 
0 (0) 
3 (3) 
1 (1) 
23 (25) 
28 (30) 
4 (4) 

97 (74)
118 (90)
32 (24)
112 (85)
106 (81)
103 (79)
63 (48)
99 (76)
61 (47)
77 (59)
0 (0)
16 (12)
10 (8)
61 (47)
75 (57)
10 (8)

51 (64)
67 (84)
20 (25)
71 (89)
65 (81)
62 (78)
34 (42)
49 (61)
50 (62)
43 (54)
0 (0)
13 (16)
0 (0)
25 (31)
46 (58)
2 (2)

Practice with patient, n (%) 
	– Walking stairs 
	– Walking at home 
	– Walking outside 
	– Cycling outside 
	– Cycling on a home trainer 
	– Standing up and sitting down 
	– Sports 
	– Other 

 
97 (70) 
96 (70) 
75 (54) 
18 (13) 
88 (64) 
96 (70) 
54 (39) 
12 (9) 

 
66 (72) 
70 (76) 
55 (60) 
13 (14) 
63 (68) 
71 (77) 
37 (40) 
2 (2) 

95 (73)
89 (68)
68 (52)
25 (19)
106 (81)
97 (74)
61 (47)
3 (2)

60 (75)
62 (78)
46 (58)
14 (18)
64 (80)
64 (80)
33 (41)
2 (2)

All variables are reported with numbers and percentages excluding missing data. 
THA: Total Hip Arthroplasty; TKA: Total Knee Arthroplasty.

4
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Supplementary table S2. Serious adverse event during follow-up period in total 
study population.

THA TKA

Intervention 
group

Control group Intervention 
group

Control group

Hospitalization 
(THA or TKA related), n 

Infection prostheses 

- Knee mobilization surgery

5

5

-

2

2

-

3

1

2

10

3

7

Hospitalization (Not THA or 
TKA related), n

5 4 4 3

Mortality, n 0 1 0 1

All THA and TKA SAEs that were reported during follow up are shown irrespective 
of fulfilment of our SAE definition. Hence none of these seemed to be related to the 
intervention. THA: Total Hip Arthroplasty; TKA: Total Knee Arthroplasty.

Supplementary S3 Evaluation of treatment compliance of the physical therapists.
In a sample of 19 physical therapists the compliance with the personalized treat-to-
target PT strategy was evaluated. We assessed 1 THA and 1 TKA patient in each 
intervention hospital, totaling 20 patients. One of these patients did not receive PT, 
so we were unable to score the points on the assessment. Compliance was assessed 
during a video call or physical visit with the physical therapists, in which a trained 
research assistant assessed the inclusion of key elements by questionnaire based on 
the patient records of a single patient. The following key elements were assessed and 
are depicted in the table below: 

1.	 The milestones were evaluated in phase 1 during the first treatment session.
2.	 Short-term (Phase 2) and long-term milestones (Phase 3) were discussed and documented.
3.	 The Milestone form was reviewed and filled out during Phase 2.
4.	 Muscle-strengthening exercises were performed in Phase 2.
5.	 Functional activities (Phase 2) were part of the treatment.
6.	 Executed achievable milestones for Phase 2 and satisfied with the execution (Phase 3).
7.	 Muscle-strengthening exercises were performed in Phase 3.
8.	 Functional activities (Phase 3) were part of the treatment. 
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Presence of Key elements of the treatment

1 2 3 4 5 6 7 8

Patient 1 Yes Yes Yes Yes Yes Yes Yes Yes

Patient 2 Yes Yes Yes Yes Yes Yes Yes Yes

Patient 3 Yes Yes Yes Yes Yes Yes Yes Yes

Patient 4 No Yes Yes Yes Yes Yes Yes Yes

Patient 5 Yes Yes Yes Yes Yes Yes Yes Yes

Patient 6 Yes Yes Yes Yes Yes Yes Yes Yes

Patient 7 Yes Yes Yes Yes Yes Yes Yes Yes

Patient 8 Yes No Yes Yes Yes Yes Yes Yes

Patient 9 No Yes Yes Yes Yes Yes Yes Yes

Patient 10 Yes Yes Yes Yes Yes Yes Yes Yes

Patient 11 No Yes Yes No Yes Yes Yes Yes

Patient 12 Yes Yes Yes Yes Yes Yes Yes Yes

Patient 13 Yes Yes Yes Yes Yes Yes Yes Yes

Patient 14 No Yes No Yes Yes Yes Yes Yes

Patient 15 Yes Yes Yes Yes Yes Yes Yes Yes

Patient 16 Yes Yes Yes Yes Yes Yes Yes Yes

Patient 17 Yes Yes Yes Yes Yes Yes Yes Yes

Patient 18 No Yes Yes Yes Yes Yes Yes No

Patient 19 Yes Yes Yes Yes Yes Yes Yes Yes

4
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Abstract

Objective: To assess whether a treat-to-target postoperative physical therapy (PPT) 
strategy is cost-effective compared to usual PPT care in total hip arthroplasty (THA) or 
total knee arthroplasty (TKA) patients. 

Methods: A cost-utility analysis alongside a cluster randomized controlled trial 
in which 18 hospitals compared treat-to-target versus usual PPT in 624 patients 
undergoing primary THA or TKA. Assessments of costs included healthcare and 
productivity as recorded by patients and healthcare providers. Assessments were 
conducted at baseline, 3, 6, 9 and 12 months after surgery. Quality-adjusted life 
years (QALYs) were estimated using the EuroQol-5D-5L (EQ-5D) and EuroQol Visual 
Analogue Scale (EQ-VAS). Analyses followed the intention-to-treat principle using 
cost-effectiveness acceptability curves from healthcare and societal perspectives. 

Results: The 1-year societal costs favored usual care, but were not significantly 
different from the intervention group, by €1,219 for THA patients (95% CI €-413 
to €2852) and €926 for TKA patients (95% CI €-562 to €2,415). QALYs were non-
significantly higher in usual care for THA patients by 0.01 (EQ-5D-5L: 95% CI -0.20 
to 0.04; EQ-VAS: 95% CI -0.01 to 0.03), with no differences between intervention 
and control TKA patients (EQ-5D-5L: 95% CI -0.03 to 0.03; EQ-VAS: 95% CI -0.02 to 
0.02). For a willingness-to-pay threshold of €50,000 per QALY, there is a less than 50% 
probability that the intervention is cost- effective compared to usual care.

Conclusion: No differences were found in this economic evaluation between the PPT 
strategy and usual PPT. The treat-to-target strategy has no beneficial effect compared 
to standard PPT.

Keywords: Cost-Utility; Economic evaluation; costs; Health-related quality of Life; 
QALY; Total Hip; Total Knee; Exercise therapy; Physical Therapy

Significance and Innovations

•	 No differences were found in this economic evaluation between the PPT 
strategy and usual PPT

•	 There is a less than 50% probability that the intervention is cost-effective 
compared to usual care in both THA and TKA patients
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Introduction
Total Hip Arthroplasty (THA) and Total Knee Arthroplasty (TKA) surgeries have 
become standard procedures for addressing end stage joint degeneration. In Western 
countries, approximately 1.66 and 1.26 out of every 1,000 people undergo a THA 
or TKA each year, respectively(1, 2). Physical therapy plays an important role in the 
postoperative care of patients undergoing these procedures, aiming to enhance 
mobility, strength, and overall function (3-7). However, substantial variation have been 
observed in the delivery of postoperative physiotherapy (PPT) treatment  (8-14). 

The variability in the delivery of PPT following THA and TKA surgeries is multi-faceted. 
First, there is considerable variation in both the frequency and duration of PPT. While 
some individuals may receive a less extensive course of rehabilitation, others undergo 
more extensive and prolonged interventions. Second, this variability may stem from 
differences in healthcare provider preferences, institutional protocols, or patient-
specific factors. Despite existing national guidelines (3-5) providing a framework 
for postoperative rehabilitation, a significant proportion of patients opt for more 
extensive and prolonged physiotherapy (13). Consequently, the costs are higher 
because physical therapy is funded on a per-session basis.

The utilization of a treat-to-target approach in which milestones are used to target 
treatment can simplify and facilitate disease management decisions (15, 16) and 
improve recovery outcome, emphasizing the importance of aligning therapy duration 
with individual patient needs (13). This approach has demonstrated effectiveness in 
enhancing clinical outcomes across various chronic conditions, such as rheumatoid 
arthritis (8, 17, 18). In previous research, we evaluated PPT care following THA and 
TKA, investigating whether a treat-to-target treatment protocol, including personal 
milestones is more effective for recovery compared to usual care (19). Despite the 
expectations, we did not find any differences in recovery after THA or TKA surgery in 
patients using a treat-to-target protocol and patients receiving usual care. However, 
evaluating the cost-effectiveness of this intervention is still important because from 
healthcare system and societal perspective, it is highly relevant that the most cost-
effective PPT treatment strategy is used.

Here we will present the economic evaluation of the PhysiotherApeutic Treat-to-target 
Intervention after Orthopaedic surgery (PaTIO) study, estimating cost effectiveness of 
a personalized, treat-to-target PPT strategy compared with usual care in patients after 
primary THA or TKA surgery.

5
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Methods
This cost-effectiveness analysis (CEA) is a part of a cluster randomised controlled 
trial (RCT) that has been described in more detail elsewhere (19, 20). Briefly, the 
PhysiotherApeutic Treat-to-target Intervention after Orthopaedic surgery (PaTIO) study 
is an open labelled, multicenter, cluster randomized controlled trial. Patients were 
recruited between August 2018 and June 2021 from 18 hospitals (4 university- and 
14 non-university hospitals) in the Netherlands. Within the study, randomization took 
place at hospital level as they acted as the clusters. The study was registered in the 
Dutch Trial Registry (registration number NTR7129 / NL-OMON55756) prior to the 
inclusion of the first participant. In all participating hospitals, the local responsible 
authorities approved the conduct of the study. This trial is reported according to the 
CONSORT 2010 checklist for cluster randomized controlled trials (21).

Study population

Inclusion criteria were: patients with clinical and radiological hip or knee osteoarthritis 
(OA) who were scheduled for a primary THA or TKA; willing to comply with the study 
protocol and providing written informed consent. Exclusion criteria were: patients with 
a THA or TKA for a diagnosis other than OA;  uncontrolled cardiovascular disease or 
hypertension; history of neuromuscular disorder that affects lower extremity function; 
terminal illness; planned replacement of another joint during study follow-up; not 
able to attend follow-up measurements; not able to attend the PPT in primary setting; 
serious psychiatric disorders; insufficient command of the Dutch language, spoken 
and/or written.

Intervention

In the intervention group, the necessity of primary care PPT was assessed by a 
specifically trained physical therapist using a standardized assessment of the patient’s 
health status, personal-, external factors and achievement of functional milestones. If 
PPT was needed, patients received a personalized program in which their functional 
progress was regularly evaluated in relation to the achievement of their functional 
milestones. Physical therapy was ended after achieving the personal milestones. In our 
control group, patients received usual care, in which the use of physical therapy and 
the choice of the physical therapist was left to the discretion of the treating physician 
and the patient.
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Assessments

At baseline the following patient and surgical characteristics were obtained by means 
of a questionnaire: sex, age, height, weight, surgical date, THA or TKA, which side 
operated, and surgical approach in THA patients. Physical functioning was measured 
by the 5-item short version of the validated Dutch translation of the Hip disability 
and Osteoarthritis Outcome Score (HOOS-PS) (22) or the 7-item short version of the 
Dutch translation of the Knee injury and Osteoarthritis Outcome Score (KOOS-PS) 
questionnaire (23, 24). For both the HOOS-PS and the KOOS-PS the scores range 
from 0 (severe impairments) to 100 (no impairments). Self-reported pain and functional 
limitations in daily activities were assessed by the Oxford Hip and Knee scores (OHS 
and OKS)(25, 26) (0 = worse functional outcomes; 48 = best functional outcome). The 
HOOS-PS, KOOS-PS and OHS and OKS were administered at multiple time points 
within the RCT, but only baseline values are used in this economic evaluation to 
characterize patients’ QA severity. 

Healthcare and productivity costs

Costs were estimated from a societal perspective, encompassing visits to healthcare 
providers and the utilization of prescribed or over-the-counter medications, along 
with absence from work. These were reported by patients through a structured 
questionnaire administered at 3, 6, 9, and 12 months after surgery. The questionnaire 
employed for this assessment is adapted from the instrument utilized in the evaluation 
of Costs associated with Psychiatric Illness (TiC-P) by the Institute of Medical 
Technology Assessment (27) including both medical consumption and productivity 
costs. In this adaptation, we have left out the presumed irrelevant questions about 
psychiatric consultations. We added specific questions about physical therapy 
consultation (frequency) and pain medication. Societal costs included healthcare 
costs, patient and family costs, and productivity costs. These questionnaires also 
included general practitioner visits, outpatient visits, hospital days for hospitalization 
other than hospitalization for primary THA or TKA surgery, medication, home and 
informal care, patient costs, absence from work, and productivity while at (unpaid) 
work. The timing, contents, frequency, and duration of PPT were measured using the 
study questionnaires provided to the physical therapist. In analysing the number of 
consultations with the general practitioner and physiotherapist, we also distinguished 
whether these appointments were related to their THA or TKA, or for another 
issue. This allowed to differentiate the costs associated with postoperative THA/
TKA care from other healthcare expenses. Healthcare and productivity were valued 
in accordance with the Guideline for economic evaluations in healthcare (28), using 
reference prices obtained from the Dutch guidelines for economic evaluations in 
healthcare. Costs are reported in Euros, at price level 2023.

5
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Quality of life and QALYs

Health-related quality of life was assessed using the five-level EuroQol questionnaire 
(EQ-5D-5L)(29).This questionnaire was assessed at baseline, 6 weeks, 3, 6, 9 and 12 
months after surgery. The EQ-5D-5L questionnaire has 5 dimensions on which patients 
can self-rate their severity of problems on a 5-point scale ranging from no problems 
to extreme problems or unable to perform the task. Using the Dutch National Value 
set an utility index score was calculated (-0.329 = poorest health; 1.0 = perfect health)
(30). The EuroQol Visual Analogue Scale (VAS) asks patients to rate their current 
health status on a scale ranging from 0 to 100, indicating worst and best health, 
respectively. The obtained VAS values were transformed into an utility score using the 
power function EQ-VAS = 1–(1–(VAS/100))1.61 (31). One-year quality-adjusted life years 
(QALYs) were estimated by the area-under-the curve of the EQ-5D and EQ-VAS utility 
scores. One-year QALYs are a commonly used measure to inform healthcare resource 
allocation decisions (32) and were calculated by the area under the curve of each of 
the utility measures over the follow-up period.

Analysis 

The economic evaluation consisted of a cost-utility analysis from a societal perspective 
(costs per QALY), based on patient reports and with an undiscounted one-year 
time horizon. All analyses were performed separately for THA and TKA patients 
and according to the intention-to-treat principle to reflect daily practice. Multiple 
imputation with 100 imputed data sets was used to account for missing data and 
to preserve power and possibly reduce bias (33). Randomization was used as an 
independent variable in the imputation model. Cost-effectiveness acceptability curves 
were constructed to show the probability that the longstanding exercise therapy was 
cost-effective compared to usual care, depending on the societal willingness-to-pay 
(WTP) for an additional QALY. These curves were calculated as the one-sided p-value 
for the differences in NetBenefit = WTP X QALY - Costs between the patients in the 
intervention and the usual care group (34). In the Netherlands, accepted WTP levels 
range from 20,000 to 50,000 or 80,000 Euros per QALY, depending on the severity of 
the condition (35). For the current patient population, we considered the intermediate 
50,000 Euros per QALY as most appropriate. Sensitivity analyses were performed 
on the cost perspective (healthcare instead of societal perspective), the valuation of 
productivity (human capital instead of friction cost approach) and the utility measure 
used to calculate QALYs (EQ-VAS instead of EQ-5D).
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Results
Study population

The baseline (preoperative) characteristics of the patients are depicted in Table 1. In total, 
312 THA patients and 312 TKA patients were included in the study. Over the course 
of the one-year follow-up, 7 (4%) THA patients in the intervention group and 19 (12%) 
patients in the control group were lost to follow up. In TKA patients, 21 patients (13%) 
and 14 patients (9%) were also lost to follow up respectively. Regarding the EQ-5D-5L 
questionnaire in THA patients, missing data were 2.9% at baseline, 11.8% at 6 weeks, and 
5.4%, 9.6%, 11.8%, and 10.9% at 3, 6, 9, and 12 months, respectively. In TKA patients, 
missing data was 6.1% at baseline, 10.9% at 6 weeks and 8.0%, 12.2%, 13.1%, and 15.5% 
at 3, 6, 9, and 12 months, respectively. Regarding the cost questionnaires, the missing 
data was 10.9% at 3 months follow- up, 12.8% at 6 months follow- up, 13.4% at 9 months 
follow- up and 14.1% at 12 months in THA patients. In TKA patients, missing data was 
12.5%, 15.4%, 15.1% and 18.9% at 3, 6, 9, and 12 months, respectively. All missing data 
was imputed. 

Healthcare and societal costs

Tables 2 and 3 show the costs over 12 months in the intervention and control groups for 
THA and TKA, respectively.

Regarding the use of physical therapy, the mean number of hip-related visits to the 
physical therapist after THA was 19 in both the intervention and control groups (mean 
difference 2 Euros (95% CI: -195 to 199). For TKA patients, the mean number of knee-
related visits to the physical therapist after surgery was 29 in both the intervention and 
control groups. Hence costs for knee-related physical therapy treatment were similar in 
both groups (mean difference 7 Euros (95% CI: -279 to 293).

In the THA group, the average total healthcare costs per patient were significantly 
higher in the intervention group than in the control group (3334 versus 2294 Euros, 
mean difference 1041 Euros (95% CI: 30 to 2051). This difference is mainly due to more 
and longer hospitalizations for any reason in the intervention group. With regard to the 
proportion of hospitalized patients in the follow up period after THA or TKA surgery, 
we found that in the THA intervention group 20.7% (29 out of 156) of the patients 
reported hospitalization compared to 13.8% (20 out of 156) in the control group (p=0.13). 
Moreover, one patient in the intervention group was hospitalized twice due to a THA 
infection and stayed in the hospital for 82 days. Overall, the average hospital stay for 
hospitalization in the intervention group is about twice as long as in the control group (2.9 
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versus 1.3 days, p=0.04). With regard to the occupational physician, more visits took place 
in the control group of the THA patients, resulting in a statistically significant but small 
mean difference of –41 Euros between the groups (95% CI: -179 to 96). In patients with a 
TKA, no differences in the separate healthcare categories or in the total healthcare costs 
were found between the intervention and control groups (2397 versus 2424 Euros, mean 
difference -27 Euros (95% CI: -565 to 511). 

Concerning the productivity and total societal costs, for both THA and TKA patients, no 
significant differences were found (Table 2 and 3). The total societal cost in THA patients 
are 5477 Euros in the intervention group and 4258 in the control group, with a mean 
difference of 1219 Euros (95% CI -413 to 2852). In TKA patients these total societal costs 
are 5456 Euros versus 4530 Euros, respectively with a mean difference of 926 Euros (95% 
CI-562 to 2415).

QALYs

Regarding both THA and TKA patients’ valuation of their quality of life (QoL) over time, 
no differences between the intervention and the control groups are found in the QALYs 
assessed by the EQ-5D and the EQ-VAS (supplemental table 1).

Cost-effectiveness acceptability curves

Due to the small differences in QALYs, the incremental cost-effectiveness ratios (ICERs) 
are high: €108,000 and €375,000 per QALY, respectively. In some sensitivity analyses, 
the ICER is negative and the ICERs confidence intervals are unbounded. Therefore, cost-
effectiveness acceptability curves (CEACs) provide a clearer interpretation of the results. 
The CEAC from societal perspective is shown by the black curve in figures 1 and 2 for 
both THA and TKA patients. The figures show that, for both THA and TKA patients, there 
is a less than 50% probability that the intervention is cost- effective compared to usual 
care. Especially for low willingness to pay per QALY, the intervention is unlikely to be cost-
effective, since the costs were more favorable in the control group. For higher willingness 
to pay, the probabilities are more fifty-fifty, as the differences in QALYs were small.

Sensitivity analysis 

Sensitivity analysis with 3 different perspectives (Healthcare perspective, Human capital 
approach, VAS-based QALY’s) were performed in both THA and TKA patients (figure 
3). The sensitivity analyses do not show a different outcome, indicating a 19% to 58% 
probability that the PaTIO intervention is cost-effective in both THA and TKA patients. 
All probabilities are mainly below 50% except for the sensitivity analysis with healthcare 
perspective in TKA patients, in which the probabilities were above 50%. This pattern 
remains the same in relation to the base analysis.
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Discussion
This study presented an economic evaluation of a personalized, treat-to-target PPT 
strategy compared with usual care for patients undergoing THA or TKA surgery. 
Overall, in both the intervention and control group, THA and TKA patients improved 
in QoL after surgery. The personalized, treat-to-target PPT intervention was not likely 
to be cost-effective compared to usual care. 

Findings of previous systematic reviews on (cost-) effectiveness in physical therapy 
after THA or TKA conclude that physical therapy is clinically effective and, in some 
cases, also cost-effective in THA patients (36, 37). However, these reviews only 
included two studies on cost‑effectiveness of physical therapy interventions in which 
accelerated physical therapy was compared with standard physiotherapy and in-
patient physical therapy with out-patient physical therapy. They found that a short 
PPT program after THA was associated with cost savings and an additional 0.13 
QALY (36). This seems logical because patients followed an accelerated process 
and received less care in a shorter time period. Our study did not employ an 
accelerated program; instead, it focused specifically on the individual needs of each 
patient, using personalized milestones. This is a different intervention and difficult 
to compare with a study that focused on an accelerated program. In TKA patients, 
no studies on physical therapy after TKA were found to be cost-effective (37). Due 
to the limited number of studies in this review and the difference in nature of the 
interventions, direct comparison with our trial is not possible. It is important to note 
that the cost-effectiveness of the interventions was influenced by factors such as the 
healthcare system in different countries, duration of interventions, patient compliance, 
and price per session of physical therapy. No studies from the Netherlands were 
included in both reviews, complicating the comparison of our study’s findings with 
those presented. In the Netherlands, we have a different healthcare reimbursement 
system compared to other European countries. In the Netherlands, physiotherapy is 
reimbursed in a standardized manner. Each treatment session is paid for individually 
at a fixed rate, regardless of the condition being treated, and all sessions have the 
same duration. Whether a Patient is (partially) reimbursement for this depends on the 
specific health insurance package they have.

In our trial, we expected the intervention group to have fewer physical therapy 
sessions than the usual care group. However, both THA and TKA patients had a 
similar number of treatment sessions, weekly frequency, and overall duration in both 
groups (19). The lack of contrast in PPT treatment strategies between the groups in 
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our trial may explain the observation that the treat-to-target PPT intervention was not 
cost-effective compared to usual care. Changes in physical therapy practices in usual 
PPT, such as more adherence to the national physical therapy guidelines and more 
personalized protocols, might also explain the similarity (10, 13). The increase in active 
exercise therapy and standardized physical therapy treatments in our study supports 
these changes in physical therapy practices.

The analysis revealed nuanced findings regarding the costs associated with 
the intervention. While there were no significant differences in productivity 
and total societal costs between intervention and control groups, disparities 
emerged in healthcare costs, particularly for THA patients. The intervention group 
incurred significantly higher total healthcare costs, primarily driven by increased 
hospitalizations, compared to the control group. These higher costs are attributed 
to a single patient who had an exceptionally long hospital stay during the follow-up 
period. No significant differences were observed in patients’ quality of life over time, 
as assessed by Quality-adjusted life years (QALYs) calculated from the EQ-5D and 
Visual Analog Scale (EQ-VAS). Previously research reported that readmission rates 
for THA are approximately 5-10% within 30 days post-surgery (38). The reasons for 
these readmissions include infections, dislocations, and other complications such as 
thromboembolic events and wound issues​. These numbers are comparable with our 
study in which 10% of the THA patients were readmitted within 3 months after surgery. 
This 10% includes also other reasons than THA surgery related issues. This supports 
that, apart from the elevated costs associated with a single THA patient, no other 
significant differences exist between our groups.

The COVID-19 pandemic may have played a role in the lack of differences between 
our groups. Our study was conducted between August 2018 and June 2021 and 
therefore influenced by the COVID-19 pandemic. Throughout the pandemic less 
surgeries were performed and physical therapy facilities experienced prolonged 
closures, prompting patients to either forego physical therapy entirely or engage in 
remote sessions facilitated via video communication platforms. The aspect of personal 
interaction in physical therapy holds the potential to optimize patient rehabilitation 
outcomes more effectively (39). Additionally, our study employed a cluster randomized 
design, wherein randomization was executed at the hospital level, with each hospital 
aiming to enroll a comparable number of patients. However, the rate of patient 
inclusion varied among hospitals, resulting in some completing enrollment prior to 
the onset of the pandemic, while others did not. Notably, a greater proportion of 
patients in the intervention group received physical therapy during the COVID-19 
period compared to the control group, where more patients had received physical 
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therapy prior to the pandemic outbreak. Despite these discrepancies, our prior 
findings indicate no substantial disparities in outcomes among patients undergoing 
rehabilitation amidst the COVID-19 period (39, 40).

A strength of our study is its nationwide multicenter design, ensuring a representative 
study population. Moreover, our study aligns with the national research agenda of 
the Orthopedic (NOV) and Physical Therapy (KNGF) associations resulting in good 
collaboration and potential integration of the intervention into both organizations’ 
guidelines. Secondly, we aimed to increase the response rate of data collection 
resulting in a low number of missing questionnaires and did not need to impute 
much data. A limitation of a large nationwide multicenter study is the standardization 
of measurements and the difficulty to monitor the intervention. To address this, we 
provided comprehensive training to all assessors in each hospital. The results of 
this study are context-dependent, as we have a specific healthcare system in the 
Netherlands with a complex structure for financial reimbursement of physical therapy. 
What is cost-effective in one country or healthcare system may not necessarily be cost-
effective in another country or system. This makes it difficult to compare the results 
with studies from other countries.

Conclusion

Our economic evaluation shows no differences between the PPT strategy and 
usual PPT. There is a less than 50% probability that the intervention is cost-effective 
compared to usual care in both THA and TKA patients. Especially for low willingness 
to pay per QALY the intervention is unlikely to be cost-effective, since the costs were 
more favorable in the control group. The treat-to-target strategy has no beneficial 
effect compared to standard PPT.
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Tables
Table 1. Baseline (preoperative) characteristics of patients undergoing total hip 
arthroplasty (THA) or total knee arthroplasty (TKA)

THA TKA

Intervention 
(n=156)

Control (n=156) Intervention 
(n=156)

Control (n=156)

Sex, female, n (%) 72 (46) 94 (60) 88 (56) 82 (53)

Age, years 65 (9.2) 68 (8.4) 66 (7.4) 68 (8.9)

BMI, kg/m2 27 (4.5) 27 (4.5) 29 (5.0) 29 (4.9)

HOOS-PS / KOOS-PS
score (0 – 100) ‡

41 (16.0) 37 (16) 44.5 (16.5) 43 (15.0)

OHS/OKS
score (0 – 48) †

25 (8.4) 27 (8.1) 27 (8.0) 27 (8.0)

Paid employment, yes, n 
(%)

55 (35) 38 (24) 49 (31) 37 (24)

HOOS-PS= Hip disability and Osteoarthritis Outcome Score- Physical function Short 
form; KOOS-PS= Knee injury and Osteoarthritis Outcome Score-Physical function 
Short form; OHS=Oxford Hips Score; OKS= Oxford Knee Score; THA=total hip 
arthroplasty; TKA= total knee arthroplasty.
† Higher is better. ‡ Lower is better. Data is presented as mean with standard 
deviation between parentheses unless otherwise stated.
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Table 2. Costs over 12 months following surgery in THA patients

Intervention 
(n=156)

Control 
(n=156)

Difference in costs  
between groups

Mean
numbers

Mean
costs (€)

Mean
numbers

Mean
costs (€)

Mean 
costs (95% CI, €)

P-value

Visits physical therapist
- for hip
- other indications

19.4
21.7

781
877

19.3
22.0

779
887

2 (-195 to 199)
-10 (-220 to 199)

0.9
0.9

Visits general practitioner
- for hip
- other indications

0.6
3.1

23
125

0.7
3.4

26
135

-3 (-18 to 11)
-10 (-45 to 23)

0.6
0.5

Visits occupational physician 0.8 82 1.3 123 -41 (-179 to 96) 0.001

Outpatient care visits 4.5 504 3.4 374 130 (-34 to 294) 0.1

Hospitalization (days) 2.9 1713 1.3 753 960 (66 to 1855) 0.04

Pain medication - 34 - 21 13 (-3 to 30) 0.1

Total healthcare costs - 3334 - 2293 1041 (30 to 
2051)

0.04

Absenteeism (hours) 50.5 2143 46.3 1965 178 (-1051 to 
1405)

0.8

Total societal costs - 5477 - 4258 1219 (-413 to 
2852)

0.1

 
95% CI ; 95% confidence interval; THA=Total Hip Arthroplasty
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Table 3. Costs over 12 months following surgery in TKA patients

Intervention 
(n=156)

Control 
(n=156)

Difference in costs  
between groups

Mean
numbers

Mean
costs (€)

Mean
numbers

Mean
costs (€)

Mean 
costs (95% CI, €)

P-value

Visits physical therapist
- for knee
- other indications

30.2
28.8

1217
1161

30.0
29.0

1210
1169

7 (-279 to 293)
-8 (-287 to 271)

1.0
1.0

Visits general practitioner
- for knee
- other indications

4.5
1.0

181
40

4.0
1.3

161
51

-21 (-38 to 79)
-11 (-34 to 13)

0.5
0.4

Visits occupational physician 0.6 63 0.6 59 4 (-31 to 39) 0.8

Outpatient care visits 4.2 463 4.5 500 -37 (-182 to 109) 0.6

Hospitalization (days) 0.8 442 0.8 467 -26 (-389 to 338) 0.9

Pain medication - 31 - 27 4 (-5 to 12) 0.4

Total healthcare costs - 2397 - 2424 -27 (-565 to 
511)

0.9

Absenteeism (hours) 72.1 3059 49.6 2106 953 (-380 to 
2286)

0.2

Total societal costs - 5456 - 4530 926 (-562 to 
2415)

0.2

 
95% CI ; 95% confidence interval; TKA= Total Knee Arthroplasty
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Abstract

Objective: The Animated Activity Questionnaire (AAQ) was developed to better 
understand how patients with hip or knee osteoarthritis (OA) perform Activities of 
Daily Living (ADL). However, it is unclear whether the AAQ is suitable for monitoring 
recovery in patients who underwent total hip or knee arthroplasty (THA or TKA). This 
study aimed to assess the construct validity and responsiveness of the AAQ in THA/
TKA patients. 

Methods: A selection of 584 participants in a nationwide, cluster randomized 
controlled trial completed the AAQ at baseline and a subgroup completed the AAQ 
also 3 and/or 12 months postoperatively. To assess construct validity, correlations 
between the baseline AAQ, three performance-based tests and two questionnaires 
as comparators were computed. Construct validity was assessed by means of testing 
hypotheses about expected correlations between the AAQ and the comparators. 
Responsiveness was assessed by means of testing hypotheses about expected 
correlations between change in AAQ and change in the scores of the comparators. 
We considered the AAQ as valid and responsive for THA and TKA separately if at least 
75% of the results were in accordance with the hypotheses. 

Results: 100% of our construct validity hypotheses were met. 70% of the hypotheses 
in the responsiveness analyses were met in THA and 75% in TKA patients at 3- and 12 
months follow-up.  

Conclusion: Based on our results, the AAQ can assess physical function accurately in 
THA and TKA patients. For TKA patients we found sufficient responsiveness, however, 
for THA patients responsiveness of the AAQ was limited. 

Significance and Innovations

•	 The AAQ met 100% of predefined hypotheses for construct validity in both THA 
and TKA patients, demonstrating it is a valid tool for assessing physical function in 
these populations.

•	 The AAQ could be particularly valuable in remote or virtual care settings (e.g., 
phone or video consultations), offering clinicians a way to assess physical function 
without in-person performance-based tests. 

•	 The AAQ offers the ability to obtain an understanding of how a patient performs 
specific activities, an aspect that cannot be captured by using PROMS.
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Introduction 

Over 2.2 million patients undergo total hip arthroplasty (THA) or total knee 
arthroplasty (TKA) each year in western countries and this number is still rising (1). 
Health outcome measurements from both the clinician’s and patient’s point of view 
are important for both patients and orthopaedic surgeons to evaluate the effect of 
these procedures on limitations in physical function (2). Performance-based tests 
and functional joint range of motion (ROM) can be deployed, or patient reported 
outcome measures (PROMs) can be administered to capture the patient’s point of 
view. Performance-based tests are recommended by the Osteoarthritis Research 
Society International (OARSI) (3, 4). The international consortium for health outcome 
measurements (ICHOM) (2) suggests a set of PROMs to assess different health 
outcomes in osteoarthritis (OA) patients. A combination of both methods are 
preferred to assess different aspects of physical function.

Both performance-based tests and PROMs for the assessment of physical function 
after THA and TKA have limitations. PROMs will not always be (completely) filled in by 
the patient (5-7). Performance-based tests are usually performed in a clinical setting, 
are time-consuming and not always executable. In addition, they only focus a small 
aspect of physical function, e.g., the time needed to complete a test or the number of 
repetitions or distance covered within a particular timeframe. Both methods, however 
do not measure how patients actually perform activities of daily living (ADL) in their 
normal life. To gain more insight into how patients with hip or knee OA actually 
perform ADL tasks the Animated Activity Questionnaire (AAQ) was developed (8). It 
measures a construct that is closely related to physical function measured by PROMs, 
but also shows good correlation with performance-based tests in OA patients (8-
11). By means of animations of an avatar the AAQ displays several ADL tasks in 3-5 
different levels of difficulty. Patients select the animation that best matches their 
performance of the activity in the past week (https://animated activityquestionnaire.
com)

To apply such a new measurement tool to measure the effectiveness of THA and 
TKA, its psychometric properties should be assessed. Previous studies have shown 
sufficient validity and reliability of the AAQ in patients with OA (8-12). Another study 
of Peter et al. found sufficient responsiveness at 6 months follow-up in patients with 
OA, but not at 3 months follow-up, which is an important time point in rehabilitation 
after THA and TKA (13). The included patients received however, different treatment 
modalities in different settings. Some patients underwent surgical treatment and 
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others conservative treatment in primary or secondary care. These variations might 
have influenced the responsiveness of the AAQ, for instance due to different 
levels of pain and function at the stage of (post-surgical) rehabilitation. As such the 
authors concluded that it could not be determined whether the AAQ is more or less 
responsive in certain subgroups or settings. Also, the study of Peter et al. included 
94 hip and knee OA patients, which is slightly under the preferred 100 patients in 
responsiveness studies (14, 15). Only 48 patients of these 94 patients underwent THA 
or TKA (13). The results of these 48 patients were not given separately from the total 
group.

At this point it is not yet clear if the AAQ is valid and responsive in THA and TKA 
patients because the validity and responsiveness of the AAQ were not assessed in this 
specific group of patients. Therefore, the aim of the current study was to evaluate the 
construct validity of the AAQ in patients with OA who are planned to undergo THA or 
TKA and to determine responsiveness of the AAQ in patients who underwent THA or 
TKA, 3 and 12 months after surgery.

Methods 

Study design and ethics 

Participants of this study were selected from the PhysiotherApeutic Treat-to-target 
Intervention after Orthopaedic surgery study (PATIO) (Trial ID NTR7129), which is 
a nationwide, cluster randomized controlled trial designed to evaluate the (cost-) 
effectiveness of a standardized, treat-to-target postoperative physical therapy (PT) 
strategy in TKA and THA patients compared to usual postoperative PT (16). Patients 
were included between August 2017 until September 2020 from 18 participating 
hospitals; Alrijne hospital (Leiderdorp), Bergman Clinics (Rijswijk), Canisius Wilhelmina 
hospital (Nijmegen), Diakonessenhuis (Utrecht), Elisabeth-Tweesteden hospital 
(Tilburg), Erasmus MC University Medical Center (Rotterdam), HAGA hospital (Den 
Haag), hospital Gelderse Vallei (Ede), Leiden University MC (Leiden), Máxima MC 
(Eindhoven), Frisius MC Leeuwarden, Northwest Clinics (Alkmaar), OLVG (Amsterdam), 
Spaarne hospital (Hoofddorp), Tergooi hospital (Hilversum), University MC Groningen, 
University MC Maastricht and Zuyderland MC (Sittard). Ethical approval was obtained 
from the Medical Ethics Committee of Erasmus Medical Center (registration number 
NL61763.078.17). All participants signed an informed consent form prior to start of 
the study in accordance with the Handbook for Good Clinical Research Practice of the 
World Health Organization and Declaration of Helsinki principles (17). 
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Study population  

The inclusion criteria for the PATIO study were: patients with clinical and radiological knee 
or hip OA who were scheduled for a primary TKA or THA, and willing to comply with 
the study protocol and providing written informed consent. The exclusion criteria were: 
patients with a TKA or THA for a diagnosis other than OA; uncontrolled cardiovascular 
disease or hypertension; a history of neuromuscular disorder that affects lower extremity 
function; a terminal illness; a planned replacement of another joint during study follow-up; 
not able to attend follow-up measurements; not able to attend postoperative physical 
therapy in primary care setting; serious psychiatric disorders, and insufficient command of 
the Dutch language, spoken and/or written (16). 
 
The present study on the AAQ  included patients who met the inclusion criteria for the 
PATIO study, underwent THA or TKA and completed at least one of the assessments at 
baseline and the follow-up periods of 3 and/or 12 months. Patients in this study were 
included if they received surgery between 01-09-2018 and 05-12-2020.

Assessments 

Assessments comprised paper or electronic questionnaires and performance-based tests 
that were administered preoperatively, and 3 and 12 months after THA or TKA. The AAQ 
was administered electronically during the appointment of the performance-based test.  

Demographics 

The following sociodemographic information were collected at baseline by questionnaire: 
age, sex, length and weight to compute the body mass index (BMI), treated joint (hip or 
knee) and existing comorbidities. Self-reported comorbidities (diabetics, brain trauma, 
cardiac arrest, heart condition, cancer, hypertension, arteriosclerosis, chronic obstructive 
pulmonary disease, dizziness, bowel disorders, arthrosis, arm and/or hand condition) were 
gathered with a questionnaire developed by the Dutch Central Bureau of Statistics (CBS) 
(18), in which the presence of comorbidities in the previous year was determined (yes/no) 

Animated activity questionnaire   

The AAQ is an online, self-reported, animated questionnaire containing 17 items of single 
ADL tasks to measure how a patient performs daily activities. Each item simultaneously 
shows 3–5 animations of an avatar performing an ADL task. The 3–5 videos showing 
different levels of difficulty and a response option “unable to perform”. Patients select 
the animation that best matches their performance of the task in the past week. These 
levels of difficulty were scored from 1 to 4, or 5, or 6 and converted into normalized scores 
ranging from 0 to 100. Higher scores indicated a higher level of functioning. Development 
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and initial validation of the AAQ is described in detail in earlier publications (8, 12). The 
AAQ is currently available in eleven languages at https://animatedactivityquestionnaire.
com.  

Performance-based tests 

The following performance-based tests were done, based on the set recommended by 
the OARSI (3):  the 30 seconds “Chair-Stand Test”, “40 meter (m) (4x10m) Fast Paced 
Walk Test”, and “Stair Climb Test” (3, 19). These tests were performed in each hospital by 
assessors who were trained in using a Dutch translated OARSI protocol. Walking aids were 
only allowed when participants were unable to perform a test without them. 
 
During the 30 seconds Chair Stands Test (CST), the patient performed the maximum 
number of chair stand repetitions possible without support of the hands in a 30 second 
period (3, 20). The 40 m Fast Paced Walk Test (FPWT) is a test of walking speed over 
short distances and changing direction during walking. Time of the whole 40m (132ft) was 
recorded (3). 

Lastly, the Stair Climb Test (SCT) is a test of ascending and descending stair activity 
including lower body strength and balance. The time (in seconds) it takes to ascend and 
descend a 9-12 steps stair was recorded (3). The stairs in the hospitals differed in the 
number of stairs. Therefore, we defined the scores of a 10-step stairs as valid scores, as a 
10-step stair was most frequently used. 

Self-reported Physical function 

The Hip disability or Knee injury and Osteoarthritis Outcome Score  

To assess self-reported hip- and knee- related physical functional status the 5-item short 
version of the validated Dutch translation of the Hip disability and Osteoarthritis Outcome 
Score (HOOS-PS) (21) and the 7-item short version of the Knee injury and Osteoarthritis 
Outcome Score (KOOS-PS) questionnaire (22, 23) were used. Physical function status was 
determined on a scale from 0 (severe impairments in function) to 100 (no impairments in 
function). 
 
Oxford Hip score / Oxford Knee Score  

Functional limitations in several daily activities and pain intensity were assessed by the 
Oxford Hip score (OHS) (24) and the Oxford Knee Score (OKS) (25). Both consist of 12 
questions; each question were scored from 0 to 4 with 4 being the best outcome. Sum 
scores ranges from 0 to 48, with 48 being the best functional outcome. 
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Global rating scale of change 

At all postoperative follow-up points, a Global Rating Scale of change (GRS) was 
administered, consisting of a single question asking how much daily functioning was 
changed since surgery (26). This question comprises seven answer options; much worse, 
worse, slightly worse, no change, slightly improved, improved, much improved.  

Statistical analysis

Descriptive statistics (mean and SD or frequency and percentage) were used to determine 
the general characteristics for the total study population, the patients’ level of physical 
function, level of functional limitations and the GRS. All analyses were stratified for THA 
and TKA. One way Analysis of Variance (ANOVA) was used to determine differences in 
baseline characteristics between patients with and without 3 and 12 months follow-up 
measurements. 

Change scores for all measures except GRS were calculated by subtracting the 
baseline scores from the follow-up scores (0-3 and 0-12 months). In the subgroup 
with valid scores on the Stair Climb Test (10-step stairs), scores of the three different 
performance-based tests (CST, FPWT,SCT) were transformed into Fisher’s Z scores to 
be able to average the scores of the performance-based tests.  
After summarizing and averaging the three scores, the correlation was measured 
between the AAQ score and the average performance-based measure score.

The construct validity of the AAQ is tested by hypothesis testing. The hypotheses are 
tested by means of calculating correlation coefficients (Spearman’s Rho) between an 
assessment with another measurement instruments that measure constructs that are 
closely related  to the construct of the AAQ. Correlations at baseline were calculated 
between the AAQ, the performance-based tests, the HOOS/KOOS-PS and the OHS/
OKS. We expected moderate correlation coefficients (0.3-0.6) between the AAQ, the 
performance-based tests and the questionnaires because an animated questionnaire 
assesses physical function on a different level than performance-based tests and the 
self-reported questionnaires. The hypotheses for assessing construct validity (27) were 
based on previous research of Peter et al. (10, 11), and formulated a priori by the 
PATIO study group. We considered the AAQ as valid for THA and TKA separately if at 
least 75% of the results were in accordance with the hypotheses (28).

Assuming that responsiveness is an aspect of validity and since we know that there 
is no gold standard available to compare with, we assessed responsiveness by 
hypothesis testing. The hypotheses are tested by means of calculating correlation 
coefficients (Spearman’s Rho) between the change of an assessment with changes in 
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other measurement instruments that measure constructs that are closely related to the 
construct of the AAQ and an anchor question. The expected correlation of the change 
in AAQ with the GRS as anchor question was based on an earlier responsiveness study 
(13) and is the same in THA and TKA. Furthermore, we expected the correlations 
at 3 months to be higher with the HOOS/KOOS-PS and the OHS/OKS than with 
performance-based measures based on the earlier responsiveness study (13). We 
assessed responsiveness by a priori formulated hypotheses (27) which were based 
on previous research (13). We considered the AAQ responsive to reflect changes in 
physical function after THA and TKA if at least 75% of the hypothesis were met. The 
hypotheses are described in Table 2. 

Power calculation 

For responsiveness studies, at least 100 patients are preferred to make reliable 
estimates (14, 15). In this study we have sufficient patients, including data, to meet this 
criteria at all-time points. All analyses were performed using SPSS software, version 
25.0. Armonk, New York: IBM Corporation. 

Results
Study population

The flow of participants and the distribution of the three different groups in this study 
are presented in Figure 1. In total, 302 and 282 patients received a primary THA or 
TKA, respectively. These patients were all included in the analysis of the construct 
validity of the AAQ (total group), as they all had at least one result on the baseline 
performance-based tests and/or questionnaires including the AAQ. Of these patients, 
288 THA and 264 TKA patients were included for the responsiveness analysis of the 
AAQ at 3 months after surgery (subgroup with 3 months follow-up measurements) 
because of complete performance-based tests results and complete questionnaires 
at baseline and 3 months follow-up. At 12 months follow-up, 239 THA and 221 TKA 
patients had complete performance-based tests results and questionnaires and 
were included in the responsiveness analysis of the AAQ at 12 months after surgery 
(subgroup with 12 months follow-up measurements). 

Characteristics of THA and TKA patients

Table 1 shows the baseline characteristics of the 3 different groups. In all groups, 
between 50%-55% of the patients were female and the average age was about 66 
years. The mean AAQ score at baseline in THA patients was between 77.8-79.4 and in 
TKA patients between 78.2-79.9. 
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When comparing patients with and without 12 month follow-up data, we found in THA 
patients differences in the SCT, AAQ, HOOS-PS, OHS and NRS in rest scores. Differences 
between TKA patients with 12 months follow-up and without 12 months follow-up were 
found in Sex, SCT, AAQ, KOOS-PS and OKS scores (supplementary table 1).

Physical function after surgery

More than 80% of the THA patients reported at least an improvement on the GRS 3 
months after surgery. At 12 months follow-up this percentage was more than 92%. 
About 74% of the TKA patients reported at least an improvement on the global 
rating score 3 months after surgery. This percentage of improved TKA patients was 
over 87% at 12 months follow-up. Also all mean scores of the other physical function 
assessments improved after surgery (supplementary table 2). The improvements on 
the HOOS-PS were clinically relevant at 12 months follow-up. The improvement on the 
KOOS-PS was clinically relevant at 3 and 12 months follow-up (29). All change scores 
on the OHS and OKS were clinically relevant (30).

Validity of the AAQ

Table 2 shows all a priori hypotheses and the results in relation to our hypotheses on 
construct validity (hypotheses 1-5) of the AAQ. For all hypotheses in both THA and 
TKA patients, moderate correlations were found (correlations ranged between 0.51-
0.62) . All a priory-defined hypotheses (100%) were met. 

Responsiveness of the AAQ

All hypotheses and their corresponding correlation coefficients are reported in Table 
2. With regard to the responsiveness of the AAQ , 14 of the 20 hypotheses (70%) in 
THA patients were met. In TKA patients, 15 of the 20 hypotheses (75%) were met. 
Tables 3 and 4 show the correlation coefficients between all measurements in THA 
and TKA patients at different measurements points. 

Discussion
In the current study we evaluated the construct validity and responsiveness of 
the AAQ at 3 and 12 months after THA or TKA. The AAQ met all hypotheses, 
indicating sufficient construct validity of the AAQ in THA and TKA patients. For the 
responsiveness of the AAQ, 70% of the hypotheses were met in THA patients, which 
was below the set threshold of 75%, indicating limited responsiveness at 3 and 12 
months after surgery. In TKA patients, 75% of the hypotheses were met indicating 
sufficient responsiveness at 3 and 12 months after surgery. 
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We found good construct validity of the AAQ in our study. This is in line with previous 
research  in patients with hip and knee OA (9, 11). The developers of the AAQ stated 
that the AAQ is a PROM that measures a new construct, closely related to perception 
of performance and actual life performance. Thus, the AAQ can assess physical 
function accurately in THA and TKA patients. 

In TKA patients, the AAQ showed good responsiveness, while its responsiveness in 
THA patients was limited compared to the other instruments used. In THA patients, 
70% of the hypotheses were confirmed, indicating insufficient responsiveness in this 
group. However, only one less hypothesis (out of the 20 hypotheses) was confirmed 
compared to the TKA group. Overall, the results for THA and TKA patients were 
almost identical, with the only difference observed in the correlation between the 
change in the total score of the AAQ (0-3 months) and the FPWT, which was at 
least 0.10 higher than its correlation with the HOOS-PS in TKA patients but not 
in THA patients. We set the hypothesis confirmation threshold at 75%, based on 
prior research (13, 28), though this threshold is arbitrary and could lead to different 
interpretations if a different threshold was applied.

Overall we found lower correlations than expected between change scores on the 
AAQ and the comparator questionnaires and performance-based tests. This finding is 
in contrast with the results on the construct validity. However, Peter et al. also found 
insufficient responsiveness at 3 months follow-up, but sufficient at 6 months (13). 

There are several potential explanations for the limited responsiveness of the AAQ. 
First, the strength of a correlation coefficient is dependent of the homogeneity of 
the study population as expressed by the SD. We formulated our a priori defined 
hypothesis based on the research of Peter et al. (13). In our study we found smaller 
SDs of the change score of the AAQ compared to the study of Peter et al. (13). The 
SD has an important impact on the correlations between measurements. For example, 
the SD of the change scores in the performance-based test and the HOOS-PS were 
smaller in our study compared to the study of Peter et al. Second, compared to the 
study population of the study of Peter et al. (13), our study population seems to be 
more homogenous, and scored better on the AAQ, the performance-based tests and 
reported less pain on the NRS at baseline. As a consequence we have seen lower 
change scores over time and found lower correlations than expected. Based on this 
it seems that the AAQ is more responsive in a more heterogeneous study population 
with lower health outcomes and more change in scores over time.
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Third, a reason why our study population is homogenous and scored high on all 
preoperative measurements can be due to patients believes of their capacity to 
execute behaviors necessary to produce specific performance attainments, in other 
words self-efficacy. If patients has a higher self-efficacy, they will give themselves 
higher scores which makes it more difficult to show improvements after surgery 
and subsequently lower changes scores and lower correlations. Postoperative self-
efficacy seems to play a role in the recovery process in both THA and TKA patients, 
because patients with better self-efficacy showed longer distance ambulation, exercise 
repetition and frequency, walking speed and less disability (31). This study showed 
that patients with better preoperative self-efficacy did not have better functional 
outcomes after surgery, which might be due to less changes over time. Because our 
study population scored high on baseline measurements, it is a possibility that their 
self-efficacy did not change or did not change enough after surgery and showed less 
changes in the results of the AAQ.

Lastly, the choice of comparator instruments may explain the AAQ’s limited 
responsiveness. Our predefined hypotheses were not met for both questionnaires 
and performance tests. The lower correlations could be due to using the HOOS-
PS and KOOS-PS, which focus only on physical function but may not measure it 
comprehensively due to limited items. Studies have shown that the full versions of 
HOOS and KOOS are more reliable and responsive than the short forms (29, 32). The 
OHS and OKS, however, showed expected correlations in a similar population (33), 
suggesting the HOOS-PS and KOOS-PS are not responsive, instead of the AAQ.

A strength of our study is its nationwide multicentre design and its high number 
of included patients. Therefore we could perform stratified analyses on the 
responsiveness of the AAQ in THA and TKA patients. Consequently, we could make a 
more reliable statement of the responsiveness of the AAQ at 3 and 12 months follow-
up in this specific subgroup. Because we used the standard follow-up measurements 
and the use of PROMS as used within the national registration system (LROI) (34) we 
have a high response rate. These measurements are standardized within the usual 
care. Lastly, the 12 months measurements were a valuable addition to this study 
because no information on 12 months measurements were available yet.   

A limitation of our study is the different execution of the Stair climb test in several 
hospitals. Most of the patients performed this test on a 10-step stair. Therefore, 
the scores of patient who performed the test on a 10-step stair were considered 
as valid. Because of this selection we have a smaller number of patients with valid 
test results to compare. This group was not a representative sample of the study 
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population because they had better values on all baseline characteristics. This may 
have influenced the correlations because of the better test scores and smaller SDs. 
A second limitation is that our results are difficult to compare with previous research 
(13) because of the different use and timing of measurements and performance-
based tests in this study. Lastly, our a priori formulated hypotheses are arbitrary. Other 
regression coefficients could have led to other conclusions. However, we are not 
aware of any there are no other options for this kind of analysis.

Considering the results of this study we can state that the AAQ has the potential to 
give a good representation of physical function in THA and TKA patients. However, 
the AAQ seems to measure physical function on a different level compared to 
questionnaires and performance-based tests. These days, for example especially 
during the COVID-19 period, orthopaedic surgeons make more use of phone- or 
video calls. It is possible that the AAQ can be helpful when the patient cannot visit 
the orthopaedic practice and has his appointment through phone or via a video call. 
Normally an orthopaedic surgeon can see the quality of the movements during the 
consult, for example stand up from a chair or walking. This is not possible when a 
patient cannot visit the orthopaedic practice and has his appointment through phone 
or via a video call. These phone- or video calls will probably be used more in practice 
in the near future. 

The AAQ showed sufficient construct validity in both THA and TKA patients for 
assessing physical function at 3 and 12 months post-surgery. For TKA patients we 
found sufficient responsiveness of the AAQ. However, for THA patients the AAQ 
showed limited responsiveness, which suggests caution when interpreting changes in 
physical function over time in this specific population. 
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Table 2. A priori hypotheses and correlations for the analysis of construct validity and 

responsiveness of the Animated Activity Questionnaire (AAQ) in patients who underwent THA 

or TKA.

THA patients

Hypotheses construct validity THA patients Correlation 
coefficient

In accordance with 
hypotheses (yes/
no)

The total score of the AAQ correlates moderately (0.3-0.6) 
with the total score of the…..

1. HOOS-PS at baseline. 0.54 Yes

2. OHS at baseline. 0.59 Yes

3. 30 Second Chair Test at baseline. 0.51 Yes

4. Fast Paced Walking Test at baseline. 0.52 Yes

5. Stair Climb Test at baseline. 0.59 Yes

Hypotheses responsiveness THA Correlation 
coefficient

In accordance with 
hypotheses (yes/
no)

The change in the total score of the AAQ will have a 
correlation of at least 0.5 with the…………

6. GRS at 3 months. 0.24 No

7. GRS at 12 months. 0.27 No

The change in the total score of the AAQ will have a 
correlation of at least 0.3 with the…………

8. change in the HOOS-PS at 3 months. 0.48 Yes 

9. change in the HOOS-PS at 12 months. 0.48 Yes

10. change in the OHS at 3 months. 0.57 Yes

11. change in the OHS at 12 months. 0.55 Yes

12. change in the 30 CST at 3 months. 0.37 Yes

13. change in the 30 CST at 12  months. 0.40 Yes

14. change in the FPWT at 3 months. 0.51 Yes

15. change in the FPWT at 12 months. 0.40 Yes

16. change in the SCT at 3 months. 0.69 Yes

17. change in the SCT at 12 months. 0.70 Yes

18. change in the average score of the performance-based 
tests at 3 months.

0.53 Yes

6
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19. change in the average score of the performance-based 
tests at 12 months.

0.47 Yes

The change in the total score of the AAQ (0-3 months) will 
correlate at least 0.10 higher with the change in the..

20. CST than with the changes in scores of the HOOS-PS. - 0.11 No

21. FPWT than with the changes in scores of the HOOS-PS. 0.03 No

22. SCT than with the changes in scores of the HOOS-PS. 0.21 Yes

The change in the total score of the AAQ (0-12 months) 
will correlate at least 0.10 higher with the change in the

23. CST than with the changes in scores of the HOOS-PS. - 0.08 No

24. FPWT than with the changes in scores of the HOOS-PS. - 0.08 No

25. SCT than with the changes in scores of the HOOS-PS. 0.22 Yes

TKA patients 

Hypotheses construct validity TKA patients Correlation 
coefficient

In accordance with 
hypotheses (yes/
no)

The total score of the AAQ correlates moderately (0.3-0.6) 
with the total score of the…… 

1. KOOS-PS at baseline. 0.59 Yes

2. OKS at baseline. 0.62 Yes

3. 30 Second Chair Test at baseline. 0.56 Yes

4. Fast Paced Walking Test at baseline. 0.53 Yes

5. Stair Climb Test at baseline. 0.62 Yes

Hypotheses responsiveness TKA Correlation 
coefficient

In accordance with 
hypotheses (yes/
no)

The change in the total score of the AAQ will have a 
positive correlation of at least 0.5 with the….

6. GRS at 3 months. 0.33 No

7. GRS at 12 months. 0.19 No

The change in the total score of the AAQ will have a 
positive correlation of at least 0.3 with the….

8. KOOS-PS at 3 months. 0.39 Yes

9. KOOS-PS at 12 months. 0.39 Yes

10. OKS at 3 months. 0.51 Yes

11. OKS at 12 months. 0.53 Yes

12. 30 CST at 3 months. 0.33 Yes
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13. 30 CST at 12  months. 0.37 Yes

14. FPWT at 3 months. 0.52 Yes

15. FPWT at 12 months. 0.43 Yes

16. SCT at 3 months. 0.60 Yes

17. SCT at 12 months. 0.53 Yes

18. change in the average score of the performance-based 
tests at 3 months.

0.47 Yes

19. change in the average score of the performance-based 
tests at 12 months.

0.39 Yes

The change in the total score of the AAQ (0-3 months) will 
correlate at least 0.10 higher with the change in the…..

20. CST than with the changes in scores of the KOOS-PS. 0.06 No

21. FPWT than with the changes in scores of the KOOS-PS. 0.13 Yes

22. SCT than with the changes in scores of the KOOS-PS. 0.21 Yes

The change in the total score of the AAQ (0-12 months) 
will correlate at least 0.10 higher with the change in 
the…..

23. CST than with the changes in scores of the KOOS-PS. - 0.02 No

24. FPWT than with the changes in scores of the KOOS-PS. 0.04 No

25. SCT than with the changes in scores of the KOOS-PS. 0.14 Yes

Legend to Table 2: 30 SCT= 30 Second Chair Test; AAQ=Animated Activity Questionnaire; 

FPWT= Fast Paced Walking test; HOOS-PS= Hip disability and Osteoarthritis Outcome Score-

Physical function Short form;KOOS-PS= Knee injury and Osteoarthritis Outcome Score-Physical 

function Short form; OKS=Oxford Knee Score;  OHS=Oxford Hip Score; SCT=Stair Climb Test; 

THA=total hip arthroplasty; TKA=total knee arthroplasty .
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Figure

Figure 1. Flowchart of patients in a study on the validity, responsiveness and 
interpretability of the Animated Activity Questionnaire in THA and TKA patients.

Excluded from 
analysis because 
of missing 3 
months follow-up 
performance- 
based tests  

THA: N= 14 
TKA: N= 18

Excluded from analysis 
because of missing 
12 months follow-up 
performance-based 
tests or not yet at 12 
months follow-up.

THA: N= 23 / N= 40 
TKA: N= 24 / N= 37

Excluded from 
analysis because 
of missing baseline 
performance-based 
tests and baseline 
questionnaires

THA: N= 0 
TKA: N= 0

Patients receiving either THA or TKA surgery  
between 01-09-2018 and 05-12-2020

THA: N= 302 
TKA: N= 282

Total patients 
included in construct 
validity analysis 
(group 1)

THA: N= 302 
TKA: N= 282

Patients with 3 
months follow-up 
data available 
(group 2)

THA: N= 288 
TKA: N= 264

Patients with 12 
months follow-up 
data available 
(group 3) 

THA: N= 239  
TKA: N= 221
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Chapter 7
The impact of the COVID-19 pandemic on 
different aspects of the delivery of physical 
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Introduction

The lifetime risk of total hip or knee arthroplasty (THA/TKA) following a diagnosis of 
osteoarthritis is approximately 14% and 30% respectively (1). In the Netherlands 99% 
of the patients receive physical therapy (PT) after THA/TKA surgery, with an average 
frequency of one to two sessions per week and a duration of more than 12 weeks. The 
effectiveness of postoperative PT in improving function, range of motion and quality 
of life has been extensively demonstrated (2-6).

During the COVID-19 pandemic and ensuing lockdown, from 23rd of March 2020 
until May 11th 2020, PT practices were closed and physical therapists were advised 
and supported by the Dutch Society for Physical Therapy (KNFG)  to deliver their 
interventions by means of remote care, i.e. telephone, e-mail or video consultations 
(7). After practices were re-opened, physical therapists were still advised to provide 
remote care, work with personal protection equipment and keep 1.5 meter distance 
of the patients as much as possible (7). From February 2022 on, these advises are still 
given by the KNFG with the exception of remote care (8). Tele-rehabilitation showed 
to be promising in musculoskeletal PT during the COVID-19 pandemic (9). 

So far, it remains unclear to what extent the COVID-19 pandemic, the temporary 
closure of practices and the advices on remote care have influenced the delivery 
of PT after THA/TKA. Although the number of surgeries decreased during the first 
wave, patients who were operated just before the first lockdown were in need of 
postoperative PT precisely in the period where PT practices were closed.
Therefore, the aim of this study was to determine the impact of the COVID-19 
pandemic on the delivery of PT after THA/TKA in the Netherlands, both from the 
perspectives of patients and their treating physical therapists.

Methods
Study design and setting

The present study on the impact of the COVID-19 pandemic on the delivery of PT 
after THA/TKA used data obtained in the context of a randomized controlled trial, 
as well as additional information gathered among patients and physical therapists 
participating in that trial during the COVID-19 pandemic.

Participants of the present study were selected from the intervention arm of the 
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PhysiotherApeutic Treat-to-target Intervention after Orthopaedic surgery study 
(PATIO) (Trial ID NTR7129) (10). Ethical approval was obtained from the Medical Ethics 
Committee of the Erasmus MC, Rotterdam, The Netherlands (NL61763.078.17). 
All participants gave informed consent in accordance with the Handbook for Good 
Clinical Research Practice of the World Health Organization and Declaration of 
Helsinki principles (11).

The protocol of the PATIO study was described earlier (10). In brief, the intervention 
concerned an optimized PT care pathway, where the content, frequency and duration 
of treatment were determined by the achievement of individual, functional milestones 
and treatment goals. All physical therapists delivering the intervention took part in a 
physical training. After the closure of the PT practices on March 23rd 2020, physical 
therapists who were treating patients from the intervention group were instructed by 
the PATIO study group to continue the delivery of the intervention according to the 
recommendations from the government and their professional organization. These 
recommendations concerned providing remote care such as telephone or video call, 
work with personal protection equipment and keep 1,5 meter distance of the patients 
as much as possible (7).
Patients and physical therapists

We selected patients from the intervention group of the PATIO study, because the 
characteristics of the PT treatment were monitored in detail for this group. Moreover, 
the selection was limited to those patients who had completed at least the baseline 
assessment of the PATIO study and of whom the physical therapist had provided 
information on the delivery of the intervention. Patients using PT from March 1, 2020 
until the end period of this study (December 2021) were classified in the COVID 
period group and those using PT in the period before March 2020 were classified in 
the pre-COVID period group.    

Assessments 

Paper or electronic questionnaires were administered to patients preoperatively and 6 
months after THA/TKA surgery. PT questionnaires were administered in both patients 
and physical therapists when the patient’s PT treatment was completed.

Sociodemographic and disease characteristics of patients and physical therapists 

The following sociodemographic information was collected at baseline: age, sex, 
height and weight to calculate the body mass index (BMI), treated joint (hip or knee), 
living condition (alone, with partner and/or kids), education (low, middle, high) (12) 
and the presence of comorbidities using a questionnaire developed by the Dutch 

7
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Central Bureau of Statistics (CBS) (13). In physical therapists, their years of work 
experience and specialization was collected. 

Physical functional status

At baseline, physical functional status was assessed with short versions of the 
validated Dutch translation of the Hip disability and Osteoarthritis Outcome Score 
(HOOS-PS) (14) and Knee injury and Osteoarthritis Outcome Score (KOOS-PS) (15), 
respectively yielding a score ranging from 0 (severe functional impairments) to 100 
(no functional impairments). Functional limitations in several daily activities and pain 
intensity were assessed by the Oxford Hip score (OHS) (16) or Oxford Knee Score 
(OKS) (17), with overall scores running from 0 to 48 with 48 being the best functional 
outcome. Hip and knee pain severity in rest and during activities in the past week 
were assessed by the Numeric Rating Scale (NRS) (18), with the score ranging from 0 
(no pain) to 10 (worst pain imaginable). 

Impact of COVID-19 pandemic on PT delivery

Patients and their physical therapists received a questionnaire on the PT treatment 
after the full completion of the PT treatment. This questionnaire included several 
questions about the frequency, duration and content of the given PT treatment and 
was based on previous research of Peter et al (19). Questions about duration and 
frequency of PT were reported by the physical therapists. Additionally, from May 2020 
onwards questions were added regarding the possible impact of COVID-19 pandemic 
on different aspects of PT treatment. 

Statistical analysis

Descriptive statistics (mean and standard deviation (SD) or percentage) were used 
to present the general characteristics of the study population, and the results of the 
questionnaires. Characteristics of patients, physical therapists and the PT treatment 
were stratified between the COVID-19 period group and the pre-COVID-19 period 
group. All analyses were performed using SPSS software, version 25.0.  Armonk, New 
York: IBM Corporation.

Results
Baseline characteristics of the study population and their physical therapists are shown 
in table 1. Impact of COVID pandemic on PT treatment



150

Table 2 shows the patients and physical therapists perceptions of the impact of 
the COVID-19 pandemic on PT treatment. 12 (30.8%) of the THA and 4 of the TKA 
(10.0%) patients reported that they had received remote care during the COVID 
pandemic. Approximately half these patients would have preferred PT in practice.

Regarding the perspectives of physical therapists, it was found that if remote care was 
provided, physical therapists reported that most THA patients coped well and started 
working at home with an exercise schedule. In TKA patients, most physical therapists 
reported that they did not give the most optimal treatment because the patient had 
some difficulties to cope well with the remote care therapy. 

Most physical therapists reported no changes in frequency of sessions in 22 (56.3%) 
THA and 28 (70%) TKA patients or in duration in weeks of treatment in 25 (64.1%) THA 
and 28 (70%) TKA patients due to COVID-19. Physical therapists reported in more 
than half of the patients no impact of COVID-19 on the total amount of sessions. In 
about 70% of the patients, physical therapists reported no changes in type of exercise. 

Use of physical therapy before and during COVID-19 pandemic
Before and during the COVID-19 pandemic, most patients reported PT sessions in the 
practice of the PT (range 63%-80%). Physical therapists reported an average frequency 
of 2 times a week (range 47% - 67%), with the exception of the THA patients who 
were treated during COVID, where an average of 1 time per week was mostly 
reported (43.6%). In the THA pre-COVID group, the mean total PT sessions was 19 (± 
SD 20) and 23 (± SD 19) in the during COVID group. In TKA patients the mean total 
sessions was 26 (± SD 16)  in the pre-COVID group and 34 (± SD 23) in the during-
COVID group (table 3).

Discussion

Before and during the COVID-19 pandemic, most THA/TKA patients reported an 
average of 2 PT sessions per week in PT practices. The average number of PT sessions 
per patient was lower in the pre-COVID group compared to the COVID group, in 
both THA/TKA. The impact of COVID on frequency and duration of PT and type of 
exercises seemed limited. More THA patients received remote care during the COVID 
pandemic. Physical therapists reported that most THA patients coped well with 
remote care although these patients preferred PT in practice.

7
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Our results on the average frequency and duration of postoperative PT in both the 
pre-COVID and COVID periods are in line with previous research of Peter et al. (19), 
although the present study showed somewhat lower numbers. Possible explanations 
might be our younger study population or the use of a treat-to-target protocol led to 
quicker termination of treatment. Only in THA COVID group patients we observed 
less total PT sessions per week compared to the study of Peter et al., which might 
be due to the restrictions of COVID-19 or the use of a treat-to-target PT protocol. 
We did not found these differences in TKA patients which might be explained by an 
on average faster recovery after THA surgery and the more complex rehabilitation 
process in TKA patients (20, 21). 

Regarding the delivery of remote care in THA/TKA patients, previous research showed 
positive results compared to the usual face-to-face PT. Patients achieved similar 
or better outcomes regarding reduction in pain, muscle strength, and functional 
activities (9, 22-26)and it was found cost-effective (27, 28). Other studies showed 
that implementing tele-rehabilitation was adequate and feasible (29) and that home-
based exercise appears effective to improve muscle- strength, endurance, power 
and balance during the COVID-19 pandemic (30). Patients who underwent THA/TKA 
during the COVID-period reported that the restrictions imposed by COVID-19 had 
limited their rehabilitation process due to limited access to PT, no face-to-face follow-
up and the inability to exercise (31). Which is partially in line with our results where half 
of the patients prefer face-to-face PT.

Strengths of this study are its nationwide multicenter design, the stratified analysis 
of THA/TKA patients and both patient and physical therapists perspectives were 
able to be analyzed. A limitation of the study was the relatively small sample size. 
Selection bias may have occurred in our study due to several reasons. First, only 
patients in the PATIO study intervention group were selected. These patients followed 
a standardized, treat-to-target postoperative PT strategy which can influence the PT 
treatment. Secondly, it is possible that questionnaires were mostly filled in by patients/
physical therapists with more dedication regarding the treatment. 

Based on the results of our study we can conclude that the impact of COVID-19 on 
the delivery of PT seems limited. We only observed differences in the total amount 
of PT sessions between the pre-COVID and the COVID group. Specific questions 
related to the COVID-19 pandemic indicated that also within the COVID period most 
patients received treatment according to the protocol with regard to type, duration 
and frequency of PT. The impact of the changes on PT on the quality of care delivered 
was not covered in this study.
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Tables and figures
Table 1. Baseline characteristics of patients participating in a study on postoperative 
physical therapy after THA or TKA and their treated physical therapists.

THA patients TKA patients Physical 
therapists

Pre-
COVID 
period
n=73

COVID 
period 
n=39

Pre-COVID 
period
n=66

COVID 
period 
n=40

N=99

Age, years 64.8 (9.3) 66.5 (9.0) 66.4 (6.5) 66.4 (7.0) -

Sex, female, n (%) 38 (52.1) 16 (41.0) 39 (59.1) 24 (60.0) -

BMI, kg/m2 27.2 (4.6) 26.7 (4.2) 29.1 (5.2) 30.0 (5.4) -

Education, n (%)
- low
- middle
- high 

27 (37.0)
19 (26.0)
27 (37.0)

15 (38.5)
15 (38.5)
9 (23.0)

34 (51.5)
22 (33.3)
10 (15.2)

17 (42.5)
11 (27.5)
12 (30.0)

-

One or more Comorbidity/
Comorbidities, n (%)

57 (78.1) 28 (71.8) 51 (77.3) 27 (67.5) -

HOOS/KOOS -PS  (0-100), 40.8 (16.6) 40.0 
(14.6)

42.8 (13.4) 46.1 (17.3) -

OHS/OKS (0-48) 24.8 (8.8) 25.5 (7.7) 27.5 (7.1) 25.1 (8.0) -

Pain NRS (0-10), 
- rest 
- activity

5.1 (2.5)
3.8 (3.0)

4.8 (2.1)
3.3 (2.9)

4.3 (2.2)
6.6 (1.6)

5.2 (2.1)
7.0 (1.9)

-

physical therapists Experience of 
treating THA/TKA patients,  n (%)
- 0-5 years
- 6-10 years
- 11-15 years
- 16-20 years
- > 20 years

- - - -
32 (32.3)
32 (32.3)
9 (9.1)
9 (9.1)
17 (17.2)

physical therapists 
Type of specialization, Yes,  n (%) †
- manual
- children
- oncological/edema
- geriatric
- sports

19 (19.2)
1 (1.0)
2 (2.0)
2 (2.0)
19 (19.2)

7
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Legend to Table 1: 
BMI=Body Mass Index; HOOS-PS= Hip disability and Osteoarthritis Outcome Score-Physical 

function Short form; KOOS-PS= Knee injury and Osteoarthritis Outcome Score-Physical function 

Short form; NRS= Numeric Rating Scale; OHS=Oxford Hips Score; OKS= Oxford Knee Score; 

THA=total hip arthroplasty; TKA= total knee arthroplasty.

Data reported as mean (standard deviation) 

† Type of specialization: multiple answers possible.  

Table 2. Perspectives of patients undergoing THA or TKA and physical therapists on 
the impact of COVID-19 on PT treatment during the pandemic

THA patients
N=39

TKA patients                 
N=40

Patients Physical 
therapist

Patients Physical 
therapist

Delivery of remote care due to COVID-19,  n 
(%)
-Total
-Telephone 
-Video call 

-

12 (30.8)
6 (15.4)
6 (15.4)

-

7 (17.5)
3 (7.5)
4 (10)

Preference for face-to-face treatment , n (%)
-Yes
-No 
-No, however there were more possibilities in 
PT practice

5 (41.7)
5 (41.7)
2 (16.6)

-
2 (50.0)
2 (50.0)
0 (0.0)

-

In case of remote care, perception that care 
was optimal ,  n (%)
- Yes
- Somewhat
- No

-

8 (75.0)
4 (25.0)
0 (0.0)

-

2 (28.6)
5 (71.4)
0 (0.0)

Impact on frequency per week,  n (%)
-Yes, more treatments
-Yes, fewer treatments
-No changes
-Missing 

-
-
13 (33.3)
22 (56.3)
4 (10.3)

-
1 (2.5)
9 (22.5)
28 (70.0)
2 (5.0)

Impact on duration,  n (%)
-Yes, longer period 
-Yes, shorter period 
-No changes 
-Missing

-
9 (23.1)
1 (2.6)
25 (64.1)
4 (10.3)

-
7 (17.5)
3 (7.5)
28 (70.0)
2 (5.0)
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Impact on total number of sessions,  n (%)
-Yes, considerably less treatments
-Yes, les treatments
-Yes, more treatments
-No
-Missing

-
1 (2.6)
8 (20.5)
5 (12.8)
21 (53.8)
4 (10.3)

-
2 (5.0)
8 (20.0)
2 (5.0)
26 (65.0(
2 (5.0)

Impact on duration of individual sessions, n (%)
-Yes
-No
-Missing

-
2 (5.1)
33 (84.6)
4 (10.3)

-
5 (12.5)
33 (82.5)
2 (5.0)

Impact on content of treatment,  n (%)
-No changes in exercises
-Different exercises/therapy with same end 
goals
-Different exercises/therapy and harder to work 
on end goals
-Missing

-
28 (71.8)
5 (12.8)

2 (5.1)

4 (10.3)

-
28 (70.0)
7 (17.5)

3 (7.5)

2 (5.0)

Legend to Table 2: 
PT= physical therapy; THA=total hip arthroplasty; TKA= total knee arthroplasty.
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Table 3. Characteristics of physical therapy treatment before and after the COVID-19 pandemic, 

asked to physical therapists. 

THA patients TKA patients

Pre-COVID 
n=73

During COVID 
n=39

Pre-COVID 
n=66

During COVID 
n=40

Location of PT, n (%)†
Home
Practice of PT
Remote care
Other (hospital,  
rehabilitation center)

25 (34.2)
46 (63.0)
6 (8.2)
9 (12.3)

17 (43.6)
31 (79.5)
12 (30.8)
1 (2.6)

27 (40.9)
47 (71.2)
4 (6.0)
11 (16.7)

17 (42.5)
31 (77.5)
4 (10.0)
4 (10.0)

Frequency per week, n (%)
<1
1
2
>=3

20 (27.4)
19 (26.0)
34 (46.6)
0 (0.0)

7 (17.9)
17 (43.6) 
14 (35.9)
1 (2.6)

7 (10.6)
15 (22.7)
44 (66.7)
0 (0.0)

3 (7.5)
13 (32.5)
23 (57.5)
1 (2.5)

Duration  (weeks), n (%)
< 2
2-4
5-8
9-12
>12

10 (13.7)
9 (12.2)
10 (13.7)
16 (21.9)
28 (38.5)

1 (2.6)
1 (2.6)
6 (15.4)
10 (25.6)
21 (53.8)

-
3 (4.5)
7 (10.6)
19 (28.8)
37 (56.1)

-
2 (5.0)
-
9 (22.5)
29 (72.5)

Total number of treatment 
sessions, mean (SD)

19.56 (20.5) 22.92 (19.4) 26.33 (16.34) 34.4 (23.0)

Satisfaction with the result 
of treatment? (0-10), mean 
(SD) ‡

7.93 (2.2) 7.51 (3.0) 8.25 (1.6) 8.45 (1.1)

Legend to Table 3: 
PT= physical therapy; THA=total hip arthroplasty; TKA= total knee arthroplasty.

† Location of PT: multiple answers possible.

‡ asked to patients.  
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Abstract

Background and purpose: During the first COVID-19 lockdown elective surgery was 
greatly reduced. Prioritization of patients with greater need and expected benefit 
in terms of Quality of Life was advised. The lockdown also potentially affected 
follow-up outcomes. Therefore, our study compared patient-reported outcome 
measures (PROMs) retrieved during the lockdown of Dutch primary total hip and knee 
arthroplasty (THA, TKA) patients to previous years.

Patients and methods: We performed cross-sectional analyses using national data 
from the Dutch Orthopaedic Registry (LROI). All primary elective THA and TKA 
patients with preoperative or postoperative PROMs (EQ-5D-3L index, OHS/OKS) 
during the first COVID-19 lockdown between 23rd of March to 15th of July 2020 were 
included. Patients with PROMs during the same months in 2018 plus 2019 were 
used as control. Finally, 33,453 THA and 27,335 TKA patients were included. Patient 
characteristics were compared during versus before the lockdown. Subsequently, the 
lockdown effect on PROMs scores was analysed with multivariable linear regression.

Results: During the COVID-19 lockdown, THA and TKA patients preoperatively had a 
lower age and BMI, and more often had surgery in private clinics. Both preoperative 
PROMs in THA patients, but not in TKA patients, were worse (EQ-5D: Adjusted Mean 
Difference (AMD) -0.021, p<0.001) during the lockdown compared to prior years. 
Both postoperative PROMs in THA and TKA patients were better during the lockdown 
(12-month EQ-5D in THA: AMD 0.010, p=0.003; 12-month EQ-5D in TKA: AMD 
0.013, p<0.001). 

Interpretation: During the COVID-19 lockdown, THA patients had slightly worse 
preoperative PROMs, suggesting selection of patients with greater urgency. 
Postoperative PROMs in both THA and TKA patients differed minimally. Overall, the 
observed differences were likely not clinically relevant. 
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Introduction
In response to the SARS-CoV-2 (COVID-19) pandemic, extreme measures have been 
taken to contain the virus, most notable being national lockdowns and quarantine 
policies (1). Several studies noted an increase in psychological distress symptoms 
of e.g. anxiety feelings, and a decrease in Quality of Life in the general population 
following the pandemic and the measures taken (2-4). This effect increased with lower 
age, female sex, poor health status and low socio-economic status (SES) (5, 6). In 
most countries there were regional variations in infection rates, also observed in the 
Netherlands (7). People inhabiting places with higher infection rates might experience 
increased effects on mental and physical health as well (8).

In the Netherlands the first lockdown was instigated on the 16th of March 2020, which 
was relaxed 1st of June 2020. During the lockdown, large events were prohibited, and 
people were advised to stay at and work from home if possible. Also, non-essential 
shops and places including outpatient healthcare facilities such as physical therapists 
were closed. Large shifts in healthcare resources were needed and most elective 
orthopedic care was reduced to a minimum (9). The Dutch Orthopaedic Society issued 
a statement on the 1st of May 2020, to restrict elective arthroplasty to patients who 
have the largest need and expected benefit in terms of Quality of Life (10). Also, to 
minimize COVID-19 infection risks, healthier patients eligible for day treatment were 
preferred (11). 

The lockdown in combination with the pandemic also likely resulted in a lower 
grade of physical activity and postoperative rehabilitation, negatively influencing the 
postoperative patient-reported outcome measures (PROMs) of these patients (12, 
13). Reporting this impact has important implications regarding the assessment of 
effectiveness of interventions during a pandemic and the lockdown.

This study compared PROMs retrieved during the COVID-19 lockdown of primary THA 
and TKA patients registered in the Dutch Orthopaedic Registry (Dutch abbreviation: 
LROI) to previous years. We had the following hypotheses. First, preoperative PROMs 
are lower due to a selection effect based on urgency assessment. Second, especially 
early postoperative PROMs are lower due to the impaired rehabilitative process. Third, 
at all follow-up points the lockdown negatively affect PROMs e.g. through anxiety 
feelings. Specific subgroups which were possibly more affected by the COVID-19 
lockdown were also analysed. 

8
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Methods 
Dutch Orthopaedic Registry (LROI)

We used data from the LROI, which prospectively collects data on orthopedic 
interventions in the Netherlands. The LROI contains demographic and surgical 
information, and for arthroplasties additionally prosthesis characteristics. Data 
completeness is over 95% for primary THA and TKA patients (14). Since 2014 the 
Dutch Orthopaedic Society strongly recommends the collection of internationally 
validated general health and disease-specific PROMs in elective arthroplasty. 
PROMs are retrieved before surgery (at max. 182 days before surgery), at 3-month 
follow-up (63-110 days) in THA and at 6-month follow-up (154-210 days) in TKA, 
and at 12-month follow-up (323-407 days) in both. Preoperative PROMs are mostly 
completed at the outpatient clinic, whilst postoperative PROMs are completed either 
electronically after invitation via email, or with pen and paper. In 2018 and 2019, 
63–66% of THA patients for osteoarthritis completed preoperative PROMs, whilst 
34–42% completed both preoperative and postoperative PROMs. In TKA these rates 
were 55–61% and 30–40% respectively. During COVID-19 in 2020 response rates were 
in the same ranges (9).

Study design

We performed a retrospective cross-sectional study, and adhered to the STROBE 
guidelines. Primary THA and TKA patients for any elective indication were selected. 
Patients who filled out either pre- or postoperative PROMs between the 23rd of March 
and the 15th of July 2020 were included. This window allowed for a potential impact of 
the lockdown to reach its full extent. THA and TKA patients were analysed separately. 
This resulted in 6 COVID-19 lockdown groups (THA: preoperative, 3- and 12-month 
follow-up; TKA: preoperative, 6- and 12-month follow-up). Using the same inclusion 
window patients from 2018 plus 2019 were selected as control groups. COVID-19 
groups were compared to the respective control groups, resulting in 6 cross-sectional 
comparisons. 

Obtained data

The following patient characteristics were obtained: age, sex, BMI, Charnley score, 
ASA score, previous surgery of the joint, indication for joint replacement (osteoarthritis 
or non-osteoarthritis such as posttraumatic), and type of hospital (general, academic 
or private). Additionally, data on COVID-19 infection rate and SES were linked to 
registry data using patients’ 4-digit postal codes. The Dutch Institute for Health and 
Milieu published COVID-19 infection rates in the Netherlands bi-weekly (15). The 
Netherlands is divided into 12 ‘provinces’. Each province was given an infection rate 
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score 1 through 5 calculated with 2-week intervals (1: ≤24, 2: 25-49, 3:50-74, 4: 75-
99, 5: ≥100 infections per 100,000 inhabitants). This score was assigned to records 
based on the date the PROMs were filled in. Data on SES were obtained from the 
Dutch Institute of Social Research (16). For each 4-digit postal code area with more 
than 100 inhabitants, a numeric SES-score was created. The SES-score is calculated 
with multiple variables from a postal code area: mean income per household, % 
households with a low income, % unemployed inhabitants and % households with an 
on average low education. This method to approximate the individual SES score is 
considered a validated technique (17). The SES-score was categorized into 5 groups 
based on the quantiles. These groups were referred to as quintiles.

Patient-reported outcome measures

The EuroQol 5-Dimensions (EQ-5D-3L) questionnaire, Visual Analogue Scale (EQ-
VAS), and 2 disease-specific questionnaires were obtained (18). For THA the latter 
were the Oxford Hip Score (OHS) and the short version of the Hip disability and 
Osteoarthritis Outcome Score (HOOS-PS), and for TKA these were the Oxford Knee 
Score (OKS) and the short version of the Knee disability and Osteoarthritis Outcome 
Score (KOOS-PS) (20-22). We selected the EQ-5D-3L and the Oxford set as our main 
outcome measures. For the EQ-5D-3L an overall index score was calculated using the 
Dutch National Value set (19).

Statistics

Patient characteristics of the COVID-19 groups were compared with the respective 
control groups using the chi-square and student t-test. The representativeness of 
responders was assessed by also comparing patient characteristics of each COVID-19 
group to non-responders operated during the same period based on the inclusion 
window. The pattern of representativeness was compared to previous years (2018 plus 
2019). Duplicate cases, i.e. patients who had their contralateral joint replaced as well, 
made up a small number of patients (THA: 5%, TKA: 6%) in the entire cohort. Given 
the present study design, they were not expected to affect results; therefore they were 
not removed. 

Subsequently, PROMs retrieved during the COVID-19 lockdown were compared to 
control groups using multivariable linear regression analysis. Potential confounders 
were included based on the theoretical association with the exposure (COVID-19 
lockdown) and the known association with outcomes (PROMs) (23). The analyses 
were adjusted for sex, BMI, ASA score, Charnley score, previous surgery of the 
joint, indication for joint replacement, type of hospital, and SES (24-27). If a PROM 
was statistically significantly associated with the COVID-19 group, interaction terms 
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between this group and specific high risk subgroups were used to explore whether 
the COVID-19 lockdown had a different effect in these subgroups. The subgroups 
which we explored were BMI >30, ASA ≥3, age >70, non-osteoarthritis indication 
for joint replacement, female sex, and SES quintile ≤2. Similarly, we investigated the 
effect of inhabiting a region with ≥50 COVID-19 infections per 100,000 inhabitants. 
Each interaction term was added individually to the regression analysis which was then 
assessed for fit and significance. If interaction terms were not relevant, i.e. resulted in 
a lower R2 (worsened model fit) and/or did not reach statistical significance, they were 
removed from the analyses. Robust 95% confidence intervals (CIs) were calculated to 
account for heteroscedasticity of the PROMs outcomes. The differences are presented 
as Adjusted Mean Differences (AMDs) with robust CIs and p-values. Clinical relevance 
was determined by comparing AMDs of the main analyses to currently accepted 
Minimal Clinically Important Differences (MCIDs). These have been reported to be 
0.03 for the EQ-5D-3L index in musculoskeletal patients, 5.2 for the OKS and 4.8 for 
the OKS in arthroplasty patients (28, 29). Potential clinical relevance was confirmed 
if the CIs bounds exceeded the defined MCIDs. A p-value <0.05 was considered 
significant. All analyses were performed using SPSS (version 25, IBM Corp, Armonk, 
New York, United States of America).

Ethics, funding, and potential conflicts of interest 

This study was based on registry data with an extensive protocol for legally conform 
data access, therefore no ethical approval additional to LROI permission was required. 
One of the authors (JB) has received funding from EuroQol for a PhD project including 
this study. The views expressed by the authors in this manuscript do not necessarily 
reflect the views of the EuroQol group.

Results
Included patients

There were 33,453 elective THA and 27,335 elective TKA patients eligible for inclusion 
(Figure 1). The number of patients at 6-month follow-up (TKA) and 12-month follow-up 
during the COVID-19 lockdown was similar to prior years. There were 35 to 50% fewer 
preoperative and 3-month follow-up (THA) patients.

Patient characteristics and representativeness

Characteristics of patients during the lockdown were compared to the control groups 
for THA and TKA separately (Table 1). Most notable differences occurred before 
surgery: during the lockdown both THA and TKA patients had a lower age and BMI, 
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and more often had surgery in private clinics. THA patients slightly more often had a 
non-osteoarthritis indication, and TKA patients slightly more often were male and had 
a Charnley score A/B1/B2 during the lockdown. At 6- and 12-month follow-up in TKA, 
and at 12-month follow-up in THA, patients more often had an ASA score III-IV. Other 
characteristics of patients with postoperative PROMs were comparable during the 
lockdown.
Characteristics of responders were also compared to non-responders for THA and 
TKA separately at each follow-up point (Tables 1-4, Supplementary data). The 
comparison of patterns confirmed that elective care was reduced during the lockdown 
and confirmed abovementioned differences in patient characteristics. Responders 
at all follow-up points were slightly younger, more often were male, more often had 
joint-replacement for the indication osteoarthritis, and had a better orthopedic (i.e. 
Charnley score) and general vitality (i.e. ASA score) scores. During the lockdown 
similar patterns emerged, except for type of hospital. In control years, preoperative 
responders had surgery in general hospitals more often, whilst during the lockdown 
they were more likely to have had surgery in private clinics. 

PROMs

The estimated mean EQ-5D index for each comparison between PROMs retrieved 
during the COVID-19 lockdown and control groups is presented in Figure 2. In 
THA patients, the adjusted EQ-5D index and OHS were slightly worse during the 
COVID-19 lockdown (Table 2). In TKA patients, both PROMs were unchanged during 
the lockdown. For Adjusted Mean Differences in EQ-VAS and HOOS-PS/KOOS-PS see 
Table 5, Supplementary data.

In THA patients, at 3-month and 12-month follow-up the EQ-5D index and OHS were 
slightly better during the lockdown. In TKA patients, the EQ-5D index and OKS did 
not differ at 6-month follow-up, whilst at 12-month follow-up they were slightly better. 
All identified differences and CI bounds did not exceed predefined MCIDs.

Subgroup analyses

Several interaction terms reached significance, however, they were not consistent 
across PROMs nor follow-up points. Only in THA patients at 12-month follow-up the 
term for inhabiting a region with ≥50 infections per 100.000 inhabitants reached 
statistical significance in both PROMs. Higher EQ-5D index and OHS scores (EQ-5D 
AMD 0.014, CI 0.007 – 0.022; OHS AMD 0.93, CI 0.60 – 1.27) were counteracted (EQ-
5D Interaction Term -0.012, CI -0.022 – -0.001; OHS Interaction Term -0.58, CI -1.03 
– -0.13). 
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Discussion

Our study demonstrated only small differences in preoperative and postoperative 
PROMs retrieved during the COVID-19 lockdown compared to previous years in 
Dutch THA and TKA patients. In THA patients most preoperative PROMs were slightly 
worse during the lockdown, which was not the case in TKA patients. This suggests 
a selection effect based on urgency assessment reflected in preoperative PROMs in 
THA. In both THA and TKA patients, most postoperative PROMs were slightly better 
during the lockdown. Contrary to our hypotheses, this suggests that the rehabilitation 
process remained mostly unaffected, and that an overall negative lockdown effect was 
not observed. Identified differences and CI bounds of all PROMs used in this study did 
not exceed predefined MCIDs, and are likely not clinically relevant.

This study had several strengths. 2 additional area-based variables were linked to the 
LROI data set, namely SES and COVID-19 infection rate. Also, multiple PROMs were 
used at 3 measurement moments, and an extensive set of potential confounders were 
included. Finally, given the study design (national registry study) the results can be 
considered generalizable for Dutch orthopedics.

This study had the following limitations. First, in this cross-sectional study we did not 
explore the effect of the lockdown on the longitudinal change scores (i.e. difference 
between pre- and postoperative PROMs). These analyses would provide information 
on a different hypothesis, whether a lockdown effect before surgery could persist 
into recovery. Furthermore, due to privacy laws the area-based variables were not 
allowed to contain patient identifiable information. Therefore, we could not study 
whether regional differences in PROMs response percentage and representativeness 
occurred. Additionally, the response rate of PROMs is relatively low in the LROI. 
However, response rates remained unchanged during the lockdown. Lastly, although 
the lockdown in the Netherlands shared many similarities with other countries during 
the first COVID-19 wave, certain differences may still influence the generalizability of 
results to other countries.

Our study confirms the reduction in elective joint replacements during lockdown, 
and that a shift of orthopedic care from general hospitals to private clinics occurred 
during the first COVID-19 lockdown. Furthermore, younger patients with a lower BMI 
were selected for arthroplasty during the lockdown. Early on in the pandemic focus 
had shifted towards how to prioritize treatment with reduced capacity for elective 
surgery (30-32). As the formal announcement of the Dutch Orthopaedic Society was 
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made public halfway the first lockdown, it could reflect a shift in collective clinical 
opinion of Dutch orthopedic surgeons. They may have been aware of risk factors 
for worse COVID-19 infections such as high age and BMI, and (sub-)consciously 
selected candidates with a lower risk. A limitation of registry data is that we are unable 
to discern to what extent self-selection played a role, e.g. patients delaying the 
procedure themselves because of fear to become infected in the hospital. 
Besides selection based on characteristics, we additionally found evidence of selection 
based on urgency. Even after adjustment, THA patients had worse preoperative EQ-
5D index and disease-specific PROMs during the COVID-19 lockdown compared to 
previous years. In TKA patients similar PROMs scores during COVID-19 were observed 
compared to control years; we do not have a certain explanation for this contrast with 
THA patients.

We noted no difference or rather a slight improvement in most PROMs scores in both 
THA and TKA patients compared to previous years, an unexpected finding. This was 
already apparent at short-term (3- and 6-month for THA and TKA respectively), which 
indicates that the rehabilitation success was unaffected. All arthroplasty patients in the 
Netherlands receive an unsupervised exercise schedule after surgery, and generally 
receive postoperative outpatient exercise therapy subsequently. It is possible that 
unsupervised therapy was sufficient, a notion supported by contemporary systematic 
reviews (12, 13). However, this finding should be interpreted with caution. Although 
during the lockdown physical therapists had to close their physical practice, in 
approximately 25% of patients they continued via telemedicine, which is not recorded 
in the LROI (33). Moreover, many patients included at the short-term cross-sectional 
comparison will have had surgery sometime before the lockdown, and thus might 
have already initiated physical therapy.

A global scientific body reported severe psychological stress during the COVID-19 
pandemic. This is also reflected in studies using the EQ-5D, where lower scores are 
found in different populations from different nationalities including Dutch, mainly 
driven by poorer scores in the pain/discomfort and the anxiety/depression (3, 4). The 
slightly higher postoperative PROMs indicate there was no direct negative effect 
of the lockdown in this Dutch orthopedic population. In THA patients, inhabiting a 
region with a COVID-19 high infection rate appeared to negate the improvement 
in EQ-5D and OHS during the lockdown. However, this effect was minimal and 
resulted in approximately equal scores compared to prior the lockdown, which we do 
not believe provides sufficient evidence of an effect of this interaction term. These 
findings are in line with a recent study on the impact of COVID-19 on PROMs in 
hand-wrist patients, which had a similar cross-sectional study design (34). Combined, 

8
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these results attest to the fact that the general and the orthopedic population do not 
necessarily experience the same impact of the COVID-19 lockdown.

A potential explanation for the discrepancy in EQ-5D index between the Dutch 
arthroplasty patient group and the general population is “response-scale 
heterogeneity”, which refers to the difference in the way individuals interpret a 
response scale, i.e. a PROM. For instance, if a difference in health occurs between 
two groups, this may reflect a true difference in health or that the groups perceive the 
response scale differently due to psychological mechanisms (35). In this population, 
this may have been caused by feeling privileged during the lockdown: patients 
considered themselves lucky to have already had their hip or knee replacement before 
the pandemic hit. 

In conclusion, we demonstrated PROMs scores in Dutch primary THA and TKA 
patients during the COVID-19 lockdown were hardly affected. Orthopedic surgeons 
were forced to delay elective surgery due to COVID-19 and also to identify the best 
candidates for surgery. The observed lower preoperative PROMs scores of THA 
patients during the COVID-19 lockdown could indicate a (sub-)conscious selection 
effect based on urgency. Postoperative PROMs in both THA and TKA patients differed 
minimally. Overall, differences found were likely not clinically relevant.
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Figures

Primary THA and TKA with PROMs 
between 23rd of March and 15th of July 

in 2018-2020

THA: n = 33,453
TKA: n = 27,335 

Patients with preoperative
PROMs

THA: n = 15,007
TKA:n = 10,542  

Control 
(2018 and 2019)

THA: n = 11,522 
TKA: n = 8,398

COVID-19
(2020)

THA: n = 3,485 TKA: 
n = 2,144

Patients with 3-month 
(THA) or 6-month (TKA) 

PROMs

THA: n = 12,469 TKA: n 
= 11,134 

Control 
(2018 and 2019)

THA: n = 9,387 TKA: 
n = 7,389

COVID-19 
(2020)

THA: n = 3,082 TKA: 
n = 3,745

Patients with 12-month 
PROMs

THA: n = 12,011 TKA: n 
= 9,214 

Control 
(2018 and 2019)

THA: n = 7,752 TKA: 
n = 6,120

COVID-19
(2020)

THA: n = 4,259 TKA: 
n = 3,094 

Figure 1: Flowchart of included primary THA and TKA patients with completed PROMs 
during defined inclusion windows. In a small number of patients with PROMs at 
multiple measurement points the postoperative follow-up PROM falls in an inclusion 
window in the subsequent year. Hence, the number of patients in the defined groups 
exceed the total number of patients.
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Figure 2: Estimated mean EQ-5D index scores for COVID-19 and control groups, for 
primary THA and primary TKA separately. A higher EQ-5D index score represents 
better health status. The error bars represent the 95% confidence intervals of the 
predicted mean; the upper and lower limit are very close to each other due to the 
large number of patients for each bar.
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General discussion

Total Hip and Knee Arthroplasties (THA and TKA) are widely performed surgical 
procedures improving pain, physical function and quality of life of people with 
end-stage hip and knee osteoarthritis (OA). Postoperative physical therapy (PPT) 
is commonly used to enhance recovery, but there are several knowledge gaps 
regarding its delivery. A number of these are addressed in the current thesis, with the 
PhysiotherApeutic Treat-to-target Intervention after Orthopaedic surgery (PaTIO) study 
as the core of this thesis. The ultimate aim is to improve post-operative recovery and 
patient-centred care following THA and TKA.  Specifically, the current thesis focused on:  

•	 The association between the duration of current PPT and postoperative 
recovery after THA and TKA;

•	 The added value of an integrated PPT care trajectory with a treat-to-target 
approach, focusing on individualized milestones as compared to usual care;

•	 The usefulness of an innovative outcome measure—the Animated Activity 
Questionnaire (AAQ)—for monitoring recovery in patients after THA or TKA; 
and

•	 The impact of the COVID-19 pandemic on postoperative recovery and 
physical therapy (PT) delivery.

Duration of PPT and its association with recovery after THA and TKA

Our study on the actual provision of PPT found that patients with poorer outcomes 
after THA or TKA, and thus likely to have a greater need of PT due to insufficient 
recovery, had a longer use of PPT than those with better outcomes. Longstanding 
use of PPT could, apart from slower recovery from the surgery, also be related to 
the presence of comorbidities (1). Previous studies on this topic are scarce, with one 
cross-sectional study in patients after THA or TKA finding that a higher number of 
comorbidities was linked to worse results in terms of pain, physical function, and 
quality of life (2). In our study, the role of comorbidities with respect to their impact on 
the relationship between physical recovery on the duration of PPT was not consistent 
across THA and TKA patients. In THA patients the existence of non-musculoskeletal 
comorbidities modified the associations between recovery and the duration of PPT, 
whereas in TKA patients nor the existence of comorbidities, severity or their frequency 
modified associations between recovery and the duration of postoperative PT. With 
respect to the PTs’ management of comorbidities in the clinical trial described in this 
thesis (the PaTIO study), 
the intervention protocol specifically included adjustments to PT treatment based on 
the presence of relevant comorbidities. However, the PTs’ responses to the presence 
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and severity of comorbidities were neither monitored in the intervention nor the 
control group.  As such we do not have a clear understanding of how treatments were 
adapted to address these comorbidities. In future research into PPT in THA and TKA, 
the role of PTs’ competences regarding the management of comorbidities may need 
more attention, e.g. by recording if they have taken part in a training on comorbidity-
adjusted exercises in OA (3-5) and the monitory of any clinical decisions related to 
comorbidities during treatment. This ensures that PPT is individualized, incorporating 
appropriate knowledge to address both the primary condition and comorbidities, 
optimizing the treatment plan.

Regarding the study on physical recovery and use of PT after THA and TKA provided 
valuable insights into the long term use of PPT in patients with prolonged recovery. 
It is noteworthy that the study was based on data from an existing multicenter cohort 
study on the outcomes of THA and TKA, and as such, the data were not specifically 
gathered to monitor the quality, accessibility, or efficacy of PPT services. The data 
in that cohort study are largely overlapping with the mandatory requirements of the 
Dutch Orthopaedic Association (NOV) and the Dutch Arthroplasty Register (LROI), that 
were implemented to enhance the quality and safety of orthopedic care. To ensure 
the feasibility of such a data collection, the information to be gathered is necessarily 
limited. An interesting opportunity would be to establish a linkage between various 
available datasets and registries, such as the LROI and a registry that specifically 
records data on the use of physical therapy, specifically the National Physiotherapy 
Database (Landelijke Database Fysiotherapie, LDF) (6). Linking data from the LROI and 
LDF would enable integration of surgical and rehabilitation information, allowing for a 
more comprehensive understanding of the entire recovery process. Such integration 
could help the identification of areas for improvement and create new opportunities 
for high-quality, multidisciplinary research. Potential research questions could be 
aimed at exploring how different rehabilitation programs affect long-term recovery, 
identifying factors that predict rehabilitation success and uncovering gaps in current 
treatments. 

The following observation must be taken into account when considering PPT following 
THA or TKA. In the Netherlands, neither the current Dutch national PT guideline 
for the management of hip and knee OA (7) nor the guideline on THA and TKA 
from the Dutch Orthopaedic Association (8, 9) provide detailed recommendations 
on the delivery of PPT. Likewise, no quality indicators for PPT following THA 
or TKA are available. This situation is different from e.g. Canada, where both a 
specific PPT guideline (10) and a related set of quality indicators (10, 11) have been 
developed. The latter includes process-oriented indicators that focus on key aspects 

9
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of rehabilitation, such as a comprehensive assessment including pain, physical 
examinations, performance-based tests, and the evaluation of participation and 
current physical activity levels as well as the actual provision of treatment, guidance 
and support. By using standardized tools, these indicators enable effective monitoring 
and delivery of rehabilitation care, ensuring a comprehensive and structured approach 
to patient recovery after THA and TKA (10, 11). The development of detailed practice 
recommendations on the provision of PPT following THA and TKA and related quality 
indicators in the Netherlands could enhance a comprehensive insight into the PT 
process, enable meaningful comparisons, and improve the overall quality of care. 

Optimizing PPT: Evaluation of the effectiveness of an integrated PPT care 

trajectory with a treat-to-target approach

While numerous studies have investigated the effectiveness of different regimens 
of PT following THA or TKA (12, 13), none have examined whether an intervention 
involving personalized milestones would be more (cost-) effective. Our outcomes 
were assessed with a generally accepted set of questionnaires and performance tests. 
Besides these, we used the AAQ to investigate the effect. We demonstrated the 
potential of the AAQ as an innovative tool for monitoring recovery in THA and TKA 
patients. It successfully met 100% of predefined hypotheses for construct validity, 
establishing it as a valid measure of physical function in both patient groups. With 
regard to responsiveness, the performance of the AAQ was sufficient in TKA patients 
but limited in THA patients, suggesting the need for caution when interpreting 
changes in physical function over time. The findings of the study may be related 
to the methodology employed, and further replication of the study is warranted to 
explore these findings in greater depth, In particular, further validation is needed to 
refine its application, especially in THA patients. Nevertheless, the promising results 
suggest that the AAQ can be valuable in remote or virtual care settings after THA or 
TKA, allowing clinicians to assess physical function without requiring in-person tests, 
and offering insights into specific patient activities that are not captured by traditional 
patient reported outcome measures (PROMs).

Regarding the added value of a personalized approach to PPT after THA or TKA, 
the PaTIO study showed  that a such a strategy was not more effective than usual 
care.  There are several potential explanations why we did not find a difference in 
outcomes between the two groups in the PaTIO study. For instance, although we 
administered a generally accepted set outcome measures for this patient group 
and type of intervention, including questionnaires, performance tests and the AAQ, 
these may not have been sensitive enough to discriminate between the intervention 
and control condition. It remains to be established to what extent a patient-specific 
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outcome measure, administered frequently to capture the achievement of milestones 
- particularly in the first weeks of treatment—would have been able to catch any 
differences related to the potentially greater emphasis on the achievement of personal 
goals and milestones between the two groups. Examples of such  tools are the 
Patient-Specific Complaint (PSC) score (14) or the McMaster Toronto Arthritis Patient 
Preference Disability Questionnaire (MActar) (15). However, it must be noted that 
these instruments often require an interview, whereas  the frequent administration of 
such instruments would only feasible with a version that can be completed by patients 
themselves. For that purpose, user-friendly methods for their administration and 
completion would be needed, such as the use of text messages to be answered by 
study participants. 

Another possible explanation for the lack of effect concerns the treatment fidelity of 
the PPT intervention, in terms of protocol and dosage adherence, quality of delivery, 
and  participant adherence (16). In general, the monitoring of these specific aspects in 
the intervention group during the conduct of the trial was limited and may have been 
insufficient. Therefore, it cannot be ruled out that, despite all efforts,  the treatment 
was not sufficiently personalized as compared to regular care.  Also, it is possible that 
the PPT treatment in the control group was relatively well tailored to the individual, 
due to e.g. the presence of orthopaedic primary care PT networks, using standardized 
protocols. Due to limited information on the delivery of PPT in the control group, we 
cannot further explore the extent of personalization in that arm of the trial.
Regarding the quality of the intervention, it should also be noted that  during 
the course of our RCT, a significant global event occurred, namely the COVID-19 
pandemic. During the COVID-19 pandemic, the number of THA and TKA procedures 
performed in the Netherlands decreased substantially (17). While elective surgeries 
for OA decreased, the proportion of  acute THA surgeries increased, for instance for 
hip fractures (17). Care was primarily shifted to outpatient clinics (ZBCs) rather than 
academic and non-academic centers. This shift to ZBCs was particularly important for 
the PaTIO study, as a significant proportion of our target population was no longer 
treated at the participating hospitals, and thus inclusion rates of the trial dropped. 
However, although in general the number of THA and TKA decreased during the 
pandemic, our study on the impact of COVID-19 suggested that, if provided, 
the number of PT sessions during the pandemic likely did not differ substantially 
compared to the pre-COVID  period. Nevertheless, the pandemic could have had 
an impact on our study in different ways. The first possible impact was related to the 
design of our study, where randomization of patients was done on the hospital level. It 
occurred that the inclusion of patients in the usual care group was largely completed 
at the time of the pandemic, whereas enrolment of patients from hospitals randomised 
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to the intervention group continued during and after the pandemic. Second, although 
it appeared that the pandemic did not have a major impact on the delivery of the 
intervention, this was only concluded from a few parameters (impact on delivery, 
frequency and duration of PT). Thereby,  it cannot be ruled out that the unusual 
circumstances during the pandemic affected other, unknown aspects of treatment in 
that period, that could have led to insufficient delivery of the intervention. This is all 
the more relevant as more patients in the intervention group were treated during the 
COVID-19 period compared to those in the usual care group.

Regarding the lack of contrast between the intervention and control groups, it 
was further observed that nearly all patients in the usual care group utilized PT, 
which aligns with our expectations. This relatively high use is attributable to the 
structure of the Dutch healthcare system, where PT is reimbursed from the basic 
insurance. Although the first 20 sessions of PPT are not covered, most patients 
have supplementary insurance that reimburses a substantial number of those initial 
sessions, creating a situation with no or little constraints to start and continue 
treatment (18). This opportunity may have conflicted with the intention of  the 
intervention to continue PT only as long as it was deemed clinically necessary. 
The resulting relatively high number of PT sessions in the intervention groups may 
have contributed to a lack of contrast between the groups, whereas we expected 
the number of PT sessions to decrease. As limitation or prohibition of PT in either 
the intervention or control group  is challenging under the current reimbursement 
conditions, research aiming to enhance postoperative rehabilitation should probably 
focus on alternative rehabilitative strategies rather than the head-to-head comparison 
of PPT regimens. Such approaches could include  thorough education and instruction 
before and during hospitalization, supported by a rehabilitation app, remote 
consultation services or the delivery of group-based interventions. Such strategies 
could potentially reduce  the need for individual face-to-face contacts (14, 19-21), with 
the latter only be offered to patients at risk for delayed functional recovery as selected 
by a comprehensive preoperative and early postoperative screening . 
The studies presented in this thesis included observational research and a RCT where 
two PPT approaches were compared. Thereby, this thesis provides no insight into 
the added value of PPT as such. Several systematic reviews on the effectiveness of 
different PPT strategies following THA or TKA have been performed  (12, 13, 22, 23). 
Overall, these systematic reviews suggest that PT interventions are effective, although 
their general conclusions were based on studies with low to moderate levels of 
evidence. The two most recent reviews (12, 13) concluded that in patients undergoing 
THA (13), PPT interventions were found to improve physical function, hip muscle 
strength, pain and hip flexion range of motion. Whereas in TKA patients (12) PPT 
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interventions  enhanced physical function, knee range of motion and less pain during 
short-term follow up. Again these general conclusions were based on studies with 
low to moderate levels of evidence. Notably  these reviews (12, 13) included studies 
with considerable variation in PPT interventions and control conditions, complicating  
reliable comparisons across studies. While cost-effectiveness was addressed as well, 
the limited number of RCTs (THA n=1, TKA n=2) and again the heterogeneity of the 
interventions prevented definitive conclusions. In addition, none of the included cost-
effectiveness trials adopted a societal perspective and the varying  health economic 
perspectives and methods used make comparisons with the PaTIO study challenging. 
In the PaTIO study we found no differences in cost-effectiveness between our 
integrated PPT care trajectory with a treat-to-target approach and usual PPT.

In all, with the conduct of trials with interventions delivered and evaluated over a 
prolonged period after surgery,  it must be acknowledged that demonstrating the 
added value of any intervention on top of the overall effect of surgery becomes more 
difficult over time. In that respect, focusing on the early postoperative period to 
examine whether an intervention involving personalized milestones would be (cost-) 
effective would likely be more informative.

Given the overall gaps in the evidence, the delivery of PPT after THA and TKA  warrants 
future studies to optimize the provision of PPT, addressing the appropriate selection 
of patients as well as the optimal content and duration, and the role of the PT in the 
identification of patients with delayed recovery. Moreover, alternative rehabilitative 
strategies, including educational apps and other forms of digital instruction and 
guidance should be considered. With the design of such studies, collaboration among 
multidisciplinary stakeholders, including orthopedic surgeons, physical therapists, 
patients, researchers, registry organizations and health care insurers, will be crucial to 
ensure appropriate care for all patients undergoing THA or TKA.
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Summary

Total Hip and Knee Arthroplasties (THA and TKA) are widely performed surgical 
procedures improving pain, physical function and quality of life of people with 
end-stage hip and knee osteoarthritis (OA). Postoperative physical therapy (PPT) is 
recommended by guidelines as an effective intervention to enhance recovery. The 
present thesis focused on several aspects of PPT, including the relationship between 
recovery after THA or TKA and the use of PPT, the (cost)effectiveness of an optimized 
PPT strategy, the validity and responsiveness of the Animated Activity Questionnaire 
(AAQ) in the follow-up of patients after THA and TKA, and the delivery of PPT.  

To address the relationship between recovery and PPT usage after THA or TKA, an 
observational study described in Chapter 2 used data from a large, ongoing multi-
center prospective cohort study of OA patients undergoing THA or TKA (Leiden 
Osteo Arthritis Study, LOAS). Data from 1289 THA and 1333 TKA patients showed 
that the majority received  PPT, with over 50% of all patients continuing PT for 12 
weeks or more. Poorer recovery, as measured by Hip Disability and Osteoarthritis 
Outcomes Score / Knee Injury and Osteoarthritis Outcomes Score (HOOS/KOOS) 
subdomains, was associated with longer PT use in both groups. As a relatively large 
proportion of the patients undergoing THA or TKA has one or more comorbidities, 
which may influence recovery, the role of comorbidities was further explored. In 
patients with THA, non-musculoskeletal comorbidities were found to modify the 
associations between recovery and the duration of postoperative PT. In patients with 
a non-musculoskeletal comorbidity, the impact of physical recovery on the risk of 
long term PT was smaller than in the patients without musculoskeletal comorbidity. In 
patients with TKA comorbidity did not modify any association between recovery and 
duration of PPT. Overall, the findings suggest that duration of PT use is related to the 
patients’ recovery needs, whereas in patients with THA comorbidities may influence 
that relationship negatively.

Despite the proven general association between recovery after THA or TKA and 
duration of PPT, there appears to be substantial practice variation in its delivery—not 
only with respect to duration but also in terms of timing or content. This variation 
raises questions about the optimal approach to maximize patients’ recovery and 
efficient use of resources. To investigate whether better tailoring of PPT to individual, 
functional treatment goals improves recovery after THA or TKA, a randomized 
controlled trial (RCT) comparing an optimized PPT strategy with usual care was set 
up. Chapters 3, 4 and 5 describe the development of the study protocol and the 
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effectiveness and cost-effectiveness of the optimized PPT strategy compared to usual 
care, respectively.

The study protocol in Chapter 3 includes the methodology for a nationwide, cluster 
RCT comparing a personalized, treat-to-target PPT approach with usual care in 
patients undergoing THA or TKA. PPT is  delivered by specially trained physical 
therapists (PTs) working in selected primary care practices in the vicinity of the 
intervention hospitals. The intervention is structured into clearly defined phases, 
each with specific start and end points. Within each phase, milestones are discussed 
and achieved. These milestones determine whether to proceed to the next phase, 
adjust the therapy, or discontinue it. Hospitals are randomized 1:1 to the intervention 
or usual care condition. PTs treating patients with THA or TKA from the hospitals 
randomized to the intervention group follow a mandatory training of 2 hours. Key 
elements of the personalized treat-to-target PPT protocol are a personalized, time 
contingent program (clear start and stop moments) and comprising evidence-based 
treatment components, such as muscle strengthening and functional exercises, to 
achieve the functional milestones. Assessments are at baseline, 3, 6, 9 and 12 months 
(performance tests only at baseline, 3 and 12 months.) The primary outcome of 
the trial is the HOOS/KOOS- Physical function Short Form at 3 months. Secondary 
outcomes re the Oxford Hip Score and Oxford Knee Score (OHS/OKS), a global 
numeric rating scale (NRS) of change, performance-based tests including the 
30 seconds Chair-Stand Test, 40 meter (m) (4x10m) Fast Paced Walk Test, the Stair 
Climb test, and the AAQ For the economic analysis, cost questionnaires including 
the use of healthcare and other costs are administered, and patients complete the 
EuroQol 5-Dimensions (EQ-5D-5L) and the EQ-Visual Analog Scale (VAS) to compute 
Quality Adjusted Life Years (QALYs). Analyses are on intention-to-treat basis, by means 
of Generalized Estimating Equations (GEE), taking into account all time points. The 
economic analysis included the intention-to-treat principle using cost-effectiveness 
acceptability curves from healthcare and societal perspectives.

The results of the trial are presented in Chapter 4. Eighteen hospitals were 
randomized, eleven to the intervention and seven to usual care. There were 624 
patients in total (312 THA and 312 TKA)  who participated in the trial (for THA and 
TKA: 156 intervention, 156 usual care). On average, THA patients received 20 and 19 
PPT sessions in the intervention and control groups, respectively, and TKA patients 
29 and 32 PPT sessions. Both THA and TKA patients experienced improvements 
in functional outcomes, quality of life, and pain following surgery. However, our 
personalized, treat-to-target PPT intervention did not show superior benefits in 
enhancing these outcomes compared to standard care.
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The economic analysis is described in Chapter 5. The 1-year societal costs favored 
usual care, but were not significantly different from the intervention group, by €1219 
for THA patients (95% CI: €-413 to €2852) and €926 for TKA patients (95% CI: €-562 
to €2415). QALYs were non-significantly higher in the control group for THA patients 
by 0.01 (EQ-5D-5L: 95% CI -0.20 to 0.04; EQ-VAS: 95% CI -0.01 to 0.03), with no 
differences between intervention and control TKA patients (EQ-5D-5L: 95% CI -0.03 
to 0.03; EQ-VAS: 95% CI -0.02 to 0.02). For a willingness-to-pay threshold of €50,000 
per QALY, there is a less than 50% probability that the intervention is cost- effective 
compared to usual care. Overall, it was concluded from the economic analysis that 
there were no differences in QALYS neither in costs to substantiate the delivery of 
either the intervention or usual care. 

Chapter 6 describes an analysis of the validity and responsiveness of the AAQ in 
patients included in the abovementioned RCT.  Construct validity was assessed by 
means of testing hypotheses about expected correlations between the AAQ and 
the comparators. Responsiveness was assessed by means of testing hypotheses 
about expected correlations between change in AAQ and change in the scores of 
the comparators. We considered the AAQ as valid and responsive for THA and TKA 
separately if at least 75% of the results were in accordance with the hypotheses (at 
least 15 of the 20 hypotheses). In total, 302 patients with THA and 282 with TKA were 
included in construct validity analysis. For the 3 months and 12 months follow-up, 
288 THA and 264 TKA patients and 239 THA and 221 TKA patients were included, 
respectively. All 10 hypotheses for construct validity were confirmed. Responsiveness 
criteria were met in 75% of cases for TKA patients and 70% for THA patients. It was 
concluded that the AAQ is a valid tool for assessing physical functioning in both 
THA and TKA patients. While responsiveness was sufficient for TKA patients, it was 
somewhat limited for those who underwent THA.

The COVID-19 pandemic significantly disrupted the delivery of PPT, especially during 
the initial lockdown in the Netherlands (March 23 – May 11, 2020), when PT practices 
were closed. In Chapter 7 the impact of the COVID-19 pandemic was explored from 
the perspectives of both patients and their treating physical therapists. Data was used 
from the intervention group of our cluster RCT in 18 hospitals, comparing a treat-
to-target intervention versus usual care in 624 patients undergoing primary THA or 
TKA. In total, 73 THA patients who received PT before COVID-period and 39 THA 
patient who received PT during COVID were included. For TKA the inclusion numbers 
were 66 TKA patients and 40 TKA patients, respectively. Characteristics of the PTs 
were measured after completion of the PT treatment with an assessment including 
years of experience of PT, the use of PT, location of PT, frequency of PT, duration of 
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PT and total number of PT treatment sessions. Additionally, from May 2020 onwards 
questions were added regarding the possible impact of COVID-19 pandemic on 
different aspects of PT treatment. There were 99 PT questionnaires included in 
this study. According to the survey, more THA patients (30.8%) than TKA patients 
(10.0%) reported receiving remote care during COVID. Physical therapists reported 
that THA patients generally coped well with remote care, while TKA patients faced 
more challenges. Despite pandemic-related constraints, and partial remote delivery, 
most PTs indicated no major changes in PT frequency, duration, or exercise type. The 
average number of PT sessions was higher during the COVID period for both THA 
and TKA patients, whereas PTs reported no changes in frequency or duration of PT 
sessions during COVID. In about 70% of the patients, physical therapists reported 
no changes in type of exercise. It was concluded that the impact of COVID-19 on 
the delivery of PPT seemed limited with respect to the number of sessions, with the 
exception of less PT sessions in the group of patients receiving PPT in the pre-COVID 
period than in the COVID period. Overall, it was found that within the COVID period 
most patients received treatment according to the protocol with regard to type, 
duration and frequency of PT. 

Regarding the impact of the COVID-19 pandemic on patient-reported outcome 
measures in THA and TKA patients, the study presented in Chapter 8 explored 
whether the pandemic affected patient-reported outcomes (PROMs) after THA 
or TKA. Using national data from the Dutch Arthroplasty Register (LROI), PROMs 
from patients operated between March and July 15, 2020 (lockdown period) were 
compared to those from the same period in 2018 and 2019 (pre-COVID). PROMs 
collected in THA patients were the EuroQol 5-Dimensions (EQ-5D-3L) questionnaire, 
EQ-visual analogue scale (EQ-VAS), the Oxford Hip Score (OHS) and the short version 
of the Hip disability and Osteoarthritis Outcome Score (HOOS-PS). In TKA patients 
these PROMs were the EQ-5D-3L, EQ-VAS, the Oxford Knee Score (OKS) and the 
short version of the Knee disability and Osteoarthritis Outcome Score (KOOS-PS). In 
total, data from over 33,000 THA and 27,000 TKA patients were analyzed. There were 
28,661 pre-covid patients included and 10.826 patients during the COVID-19 period. 
During the lockdown, THA and TKA patients were significantly younger and more 
often underwent surgery in private clinics. The preoperative PROMs of THA patients 
were slightly , yet statistically significant, worse during the lockdown , indicating 
a possible prioritization of more urgent cases. For TKA patients, there were no 
differences in preoperative PROMs scores. Regarding the postoperative PROMs at 12 
months, these were statistically significantly better in the COVID period as compared 
to previous years for both THA and TKA patients. However, despite these statistical 
differences, the magnitude of change was small and likely not clinically relevant. 
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It was concluded that during the COVID-19 lockdown, THA patients had slightly 
worse preoperative PROMs, suggesting selection of patients with greater urgency. 
Postoperative PROMs in both THA and TKA patients differed minimally. Overall, the 
observed differences were likely not clinically relevant

In Chapter 9, the findings from the studies described in Chapters 2-8 are discussed in 
the context of the literature and developments in research, healthcare and society. 
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Nederlandse samenvatting

Totale heup- en knieprothesen (THA en TKA) zijn veelvoorkomende chirurgische 
ingrepen die de pijn, fysieke functie en levenskwaliteit van mensen met vergevorderde 
heup- en knie-artrose verbeteren. Postoperatieve fysiotherapie (PPT) wordt door 
richtlijnen aanbevolen om het herstel te bevorderen. Het voorliggende proefschrift 
richt zich op verschillende aspecten van PPT, waaronder de relatie tussen herstel na 
THA of TKA en het gebruik van PPT, de (kosten)effectiviteit van een geoptimaliseerde 
PPT-strategie, de validiteit en responsiviteit van de Animated Activity Questionnaire 
(AAQ) in de follow-up van patiënten na THA en TKA, en de levering van PPT.

In hoofdstuk 2 wordt een observationele studie beschreven die de relatie tussen 
herstel en het gebruik van PPT na THA of TKA onderzocht, gebruikmakend van 
gegevens uit de grote, lopende, multicenter prospectieve cohortstudie van 
artrosepatiënten (Leiden Osteoarthritis Study, LOAS). Gegevens van 1289 THA- 
en 1333 TKA-patiënten toonden aan dat de meerderheid PPT ontving, waarbij 
meer dan 50% van de patiënten de fysiotherapie 12 weken of langer voortzette. 
Slechter herstel, gemeten met de Hip Disability and Osteoarthritis Outcomes Score 
/ Knee Injury and Osteoarthritis Outcomes Score (HOOS/KOOS) subdomeinen, 
was geassocieerd met een langer gebruik van fysiotherapie in zowel de THA als 
TKA groep. Omdat een relatief groot aantal patiënten met THA of TKA één of 
meerdere comorbiditeiten heeft die het herstel kunnen beïnvloeden, werd de rol van 
comorbiditeiten verder onderzocht. Bij THA-patiënten bleek dat niet-musculoskeletale 
comorbiditeiten de relatie tussen herstel en de duur van de postoperatieve 
fysiotherapie modificeerden. Patiënten met een niet-musculoskeletale comorbiditeit 
vertoonden een kleiner effect van fysiek herstel. Dit resulteerde in een hoger risico op 
langdurig fysiotherapiegebruik in vergelijking met patiënten zonder musculoskeletale 
comorbiditeit. Bij TKA-patiënten had comorbiditeit geen invloed op de relatie tussen 
herstel en de duur van de PPT. Over het algemeen suggereert de studie dat de duur 
van fysiotherapie gerelateerd is aan de herstelbehoeften van de patiënt, maar dat 
comorbiditeiten bij THA-patiënten deze relatie negatief kunnen beïnvloeden. Hoewel 
er een algemeen verband is tussen herstel na THA of TKA en de duur van PPT, blijkt er 
aanzienlijke variatie in de praktijk, zowel wat betreft de duur als de timing en inhoud 
van de behandeling. Deze variatie roept vragen op over de optimale aanpak om het 
herstel van patiënten te maximaliseren en middelen efficiënt te gebruiken. 
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Hoofdstukken 3, 4 en 5 beschrijven een gerandomiseerde gecontroleerde studie 
(RCT) die de effectiviteit en kosteneffectiviteit van een geoptimaliseerde PPT-strategie 
vergelijkt met de gebruikelijke zorg.

Hoofdstuk 3 beschrijft het protocol van de studie, een cluster-RCT waarin 
een gepersonaliseerde, doelgerichte PPT-aanpak wordt vergeleken met de 
gebruikelijke zorg bij patiënten die een THA of TKA ondergaan. Fysiotherapie 
zal worden  geleverd door speciaal opgeleide fysiotherapeuten in geselecteerde 
eerstelijnszorgpraktijken nabij de interventieziekenhuizen. De interventie is opgedeeld 
in duidelijk gedefinieerde fasen met specifieke start- en eindmomenten, waarin 
mijlpalen worden besproken en behaald. Het protocol bevat evidence-based 
behandelingscomponenten zoals spierversterkende en functionele oefeningen. 
De primaire uitkomstmaat is de HOOS/KOOS-Physical Function Short Form na 3 
maanden. Secundaire uitkomstmaten zijn onder andere de Oxford Hip Score en 
Oxford Knee Score (OHS/OKS), de EuroQol 5-Dimension (EQ-5D-5L) en de EQ-Visual 
Analog Scale (VAS).

In hoofdstuk 4 worden de resultaten van de PaTIO trial gepresenteerd. Er namen 
624 patiënten deel (312 THA en 312 TKA), waarbij de interventiegroep gemiddeld 20 
(THA) of 29 (TKA) PPT-sessies ontving, en de controlegroep respectievelijk 19 en 32 
sessies. Zowel patiënten na een THA als TKA vertoonden verbeteringen in functionele 
uitkomsten, kwaliteit van leven en pijn na de operatie. Echter, onze gepersonaliseerde, 
treat-to-target PPT-interventie bleek geen grotere voordelen te bieden bij het 
verbeteren van deze uitkomsten in vergelijking met de gebruikelijke zorg.

Hoofdstuk 5 behandelt de economische analyse. De totale maatschappelijke 
kosten na één jaar waren niet significant verschillend tussen de interventie- en 
controlegroep voor zowel THA- als TKA-patiënten. De QALY’s waren iets hoger in de 
controlegroep voor THA-patiënten, maar het verschil was niet klinisch relevant. Het 
werd geconcludeerd dat er geen verschillen waren in kosten of QALY’s die het gebruik 
van de interventie boven de gebruikelijke zorg rechtvaardigden.

Hoofdstuk 6 bespreekt de validiteit en responsiviteit van de AAQ bij de patiënten 
uit de RCT. De AAQ bleek een valide en responsief meetinstrument voor fysieke 
functie bij zowel THA- als TKA-patiënten, hoewel de responsiviteit bij THA-patiënten 
enigszins beperkt was.

Hoofdstuk 7 onderzoekt de impact van de COVID-19-pandemie op de levering van 
PPT. Tijdens de lockdown werden fysiotherapiepraktijken gesloten, maar de meeste 
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fysiotherapeuten gaven aan dat de frequentie, duur en het type oefeningen niet 
significant veranderden. De gemiddelde aantal fysiotherapiesessies was zelfs hoger 
tijdens de COVID-periode dan voor de pandemie. Er werd geconcludeerd dat de 
impact van COVID-19 op de levering van PPT relatief beperkt was.

Hoofdstuk 8 onderzoekt de impact van de COVID-19-pandemie op de patiënt 
gerapporteerde uitkomstmaten (PROMs) van THA- en TKA-patiënten. Het onderzoek 
toonde aan dat patiënten die tijdens de lockdown werden geopereerd, iets jonger 
waren en vaker in privéklinieken werden behandeld. De postoperatieve PROMs na 
12 maanden waren statistisch significant beter in de COVID-periode, hoewel de 
verandering klinisch niet relevant was.

In hoofdstuk 9 worden de bevindingen uit de voorgaande hoofdstukken besproken 
in de context van de literatuur en de ontwikkelingen in de zorg en de maatschappij.
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Teaching medical students during master research 06-2021 tm 07-2021 1.0

Supervising

Supervizing Eline schippers with the execution of the 
trial and contacting all centers about potentials inclusion 
or included patients

09-2020 -  01-2021 5.0

Supervizing Umit Yildiz with data collection, analysis 
of the data and writing of an article regarding 
physiotherapy during corona time

01-2021 – 05 -2021 5.0

Supervizing Isabelle knaapen with the execution of 
the trial, data collection and the sample within the 
intervention physiotherapy practices

12-2021 – 10-2022 5.0
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Dankwoord
Mijn interesse in het menselijk bewegen en de gezondheid van het 
bewegingsapparaat ontstond tijdens mijn opleiding tot oefentherapeut Cesar. 
Tijdens deze studie raakte ik steeds meer gefascineerd door de vraag waarom we 
doen wat we doen: waarom bepaalde beweegpatronen ontstaan, hoe klachten van 
het bewegingsapparaat zich ontwikkelen en op welke manier we mensen het beste 
kunnen ondersteunen in hun herstel en gezondheid. Deze nieuwsgierigheid naar 
de achterliggende mechanismen en de behoefte om verder te kijken dan alleen de 
praktijk, brachten mij ertoe om Gezondheidswetenschappen te gaan studeren en mij 
verder te verdiepen in onderzoek. Het samenkomen van mijn passie voor bewegen, 
mijn achtergrond in de oefentherapie en mijn interesse in wetenschappelijk onderzoek 
vormden uiteindelijk de basis voor dit proefschrift. Op de voorkant van dit proefschrift 
staat een veer. Een verwijzing naar veerkracht, iets wat ik de afgelopen jaren 
regelmatig nodig heb gehad. Er is in de afgelopen jaren behoorlijk wat gebeurd en 
soms werd de veer daardoor flink uitgerekt. Misschien zelfs verder dan ik vooraf voor 
mogelijk had gehouden. Maar hoe ver een veer ook wordt uitgerekt, uiteindelijk kan 
hij weer terugveren. Juist in de momenten waarop de veer het meest werd uitgerekt, 
heb ik ervaren hoe belangrijk het is om de juiste mensen om je heen te hebben. 
Mensen die je opvangen, je kracht geven, je soms even terugbrengen naar de basis 
en je helpen om weer verder te gaan. Deze veer staat voor mij daarom niet alleen 
voor mijn eigen veerkracht, maar ook voor de mensen die mij de afgelopen jaren 
hebben geholpen om steeds weer terug te veren. Wie had ooit gedacht dat ik, vanuit 
de HAVO, uiteindelijk een proefschrift zou verdedigen? Deze reis heeft mij laten zien 
dat nieuwsgierigheid je soms op onverwachte paden brengt, maar ook dat je niet 
alles alleen hoeft te kunnen en dat de juiste mensen om je heen je helpen om steeds 
weer verder te gaan. Want niets is onmogelijk. Maar één ding is zeker: dit proefschrift 
heb ik niet alleen geschreven en deze mijlpaal had ik nooit alleen kunnen bereiken. 
Daarom wil ik graag de mensen bedanken die mij tijdens deze bijzondere reis hebben 
begeleid, gesteund en geïnspireerd.

Mijn grote dank gaat uit naar mijn copromotoren, dr. M. Reijman en dr. M.G.J. 
Gademan. Max en Maaike, jullie hebben mij gedurende dit traject begeleid, 
uitgedaagd en geholpen om steeds verder te kijken. Bedankt voor jullie vertrouwen 
in mij en in dit onderzoek, maar ook voor de vele waardevolle gesprekken waarin 
jullie mij hielpen om ideeën scherper te maken en nieuwe inzichten te krijgen. Jullie 
kritische blik, kennis en enthousiasme hebben een belangrijke bijdrage geleverd aan 
de totstandkoming van dit proefschrift.  
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Naast de inhoudelijke begeleiding waardeerde ik vooral de ruimte die jullie mij gaven 
om mijn eigen weg te vinden als onderzoeker. Jullie waren altijd beschikbaar om mee 
te denken, vragen te beantwoorden en mij op de juiste momenten weer richting te 
geven. Dank voor jullie geduld, betrokkenheid en de fijne samenwerking gedurende 
de afgelopen jaren. Maar wat ik misschien nog wel het meest waardeerde, is dat jullie 
er niet alleen voor mij waren als begeleiders, maar ook als mens naast mij stonden. 
Gedurende dit traject hebben jullie niet alleen mijn onderzoek gevolgd, maar ook 
mijn leven daar omheen. Jullie wisten wat er speelde, van de momenten rondom 
mijn operaties, mijn zwangerschappen tot alles daarna, en namen altijd de tijd om 
te vragen hoe het écht met mij ging. Soms waren daar wat extra vragen voor nodig 
voordat ik dat helemaal toegaf, maar uiteindelijk kwamen we er altijd. Die persoonlijke 
betrokkenheid, jullie begrip en jullie steun betekenen ontzettend veel voor mij en 
hebben deze reis bijzonder gemaakt. Bedankt!

Mijn grote dank gaat ook uit naar mijn promotor, Prof.dr. T.P.M. Vliet Vlieland. Thea, 
door de jaren heen heb ik jouw begeleiding enorm gewaardeerd. Hoewel je als 
promotor wat vaker op de achtergrond aanwezig was — zoals ook past bij deze rol 
— wist ik dat je er altijd was wanneer dat nodig was. Met jouw scherpe blik, kritische 
vragen en frisse ideeën wist je mij steeds weer verder te helpen en het onderzoek 
naar een hoger niveau te tillen. Daarnaast heb ik jouw persoonlijke betrokkenheid 
ontzettend gewaardeerd. Je had niet alleen oog voor het proefschrift, maar ook voor 
mij als persoon en voor wat er speelde gedurende deze jaren. Dank je wel voor je 
vertrouwen, je betrokkenheid en de fijne begeleiding gedurende dit hele traject. Ik 
kijk met veel waardering terug op de jaren waarin ik onder jouw begeleiding aan dit 
proefschrift heb mogen werken.

Daarnaast wil ik Prof. Dr. Jan Verhaar bedanken voor zijn rol als promotor. Door 
zijn pensionering heeft de begeleiding van dit proefschrift later een andere vorm 
gekregen. Dank voor uw vertrouwen gedurende dit traject.

Mijn dank gaat ook uit naar Prof. D.E. Meuffels, die in de laatste fase betrokken raakte 
als promotor. Als jouw eerste promovendus heb ik het bijzonder gewaardeerd om dit 
proces samen met jou vorm te geven. Duncan, dank voor het meedenken, je kritische 
blik en de waardevolle feedback bij de afronding van dit proefschrift. Jouw input heeft 
geholpen om de laatste stappen te zetten en het promotieproject fijn af te ronden. Ik 
waardeer het enorm dat je deze rol met zoveel enthousiasme en betrokkenheid hebt 
opgepakt. Ik had het eerlijk gezegd helemaal niet erg gevonden om wat langer met 
je samen te werken, al was dat waarschijnlijk niet de beste strategie geweest als dit 
proefschrift ooit af moest komen.
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Hartelijke dank aan alle bedrijven en organisaties die financieel hebben bijgedragen 
aan de totstandkoming van dit proefschrift, namelijk de afdeling Orthopedie en 
Sportgeneeskunde van het Erasmus MC, de Erasmus Universiteit Rotterdam, 
Bauerfeind, ChipSoft en medi Nederland. Daarnaast wil ik Physitrack bedanken 
voor het beschikbaar stellen van jullie digitale platform. De deelnemende 
fysiotherapeuten binnen het onderzoek konden hiervan gebruikmaken. Dank voor 
deze waardevolle bijdrage aan de uitvoering van het onderzoek.

Mijn dank gaat ook uit naar alle patiënten die hebben deelgenomen aan de PaTIO 
studie. Dank voor jullie tijd, vertrouwen en bereidheid om mee te werken aan dit 
onderzoek. Zonder jullie deelname en betrokkenheid was dit proefschrift er niet 
geweest. Jullie bijdrage heeft niet alleen waardevolle kennis opgeleverd, maar draagt 
ook bij aan het verbeteren van de zorg voor toekomstige patiënten.

Een speciaal woord van dank gaat uit naar alle 18 deelnemende centra aan de PaTIO 
studie; Alrijne ziekenhuis  (Leiderdorp), Bergman Clinics (Rijswijk), Canisius Wilhelmina 
ziekenhuis (Nijmegen), Diakonessenhuis (Utrecht), Elisabeth-Tweesteden ziekenhuis 
(Tilburg), Erasmus MC (Rotterdam), HAGA ziekenhuis (Den Haag), Gelderse Vallei 
(Ede), Leids Universitair Medisch Centrum (Leiden), Máxima MC (Eindhoven), Frisius 
MC Leeuwarden, Noord west ziekenhuis  (Alkmaar), OLVG (Amsterdam), Spaarne 
ziekenhuis (Hoofddorp), Tergooi ziekenhuis (Hilversum), UMC Groningen, UMC 
Maastricht en Zuyderland (Sittard). Alle lokale hoofdonderzoekers, onderzoekers 
en ieder ander die heeft meegewerkt aan deze mooie studie. Zonder jullie inzet 
en betrokkenheid was de PaTIO studie niet mogelijk geweest. Dank voor jullie 
enthousiasme, flexibiliteit en de prettige samenwerking gedurende het hele traject. 
Jullie bijdrage, van het includeren van deelnemers tot het verzamelen van de 
onderzoeksgegevens, heeft een essentiële rol gespeeld in het tot stand komen van 
dit proefschrift. Ook alle deelnemende fysiotherapeuten in heel Nederland in zowel 
de interventiegroepen als de controle groep; zonder jullie geen uitvoering van deze 
studie. Ontzettend bedankt voor jullie inzet. 

En iedereen van het PaTIO studie team natuurlijk! Allereerst natuurlijk Wilfred. 
Ook jou wil ik graag bedanken voor jouw bijdrage aan de studie. Dank voor jouw 
fysiotherapeutische expertise, je inzet en het feit dat je altijd de tijd nam om mijn 
vragen netjes en uitgebreid te beantwoorden. Ik vond het ontzettend leuk om samen 
met jou langs alle deelnemende fysiotherapeuten te gaan om de trainingen voor de 
interventie te verzorgen. De combinatie van onderweg zijn, ervaringen uitwisselen 
en samen de trainingen verzorgen maakte dit een heel leuk onderdeel van het 
onderzoek.  



216

Dank je wel voor de fijne samenwerking en natuurlijk ook voor de lekkere kopjes koffie 
in het LUMC. Ik kijk met veel plezier terug op onze samenwerking! Wilbert, dank voor 
je waardevolle hulp bij de kosteneffectiviteitsanalyses en het meedenken over dit 
onderdeel van het onderzoek. Jouw kennis en bijdrage hebben een belangrijke rol 
gespeeld bij het uitvoeren en interpreteren van deze analyses. Veel dank voor je tijd, 
expertise en hulp bij de totstandkoming van dit onderdeel van het proefschrift. Eline, 
Isabelle, Ellen, Umit en Heather, ook jullie wil ik heel graag bedanken voor jullie 
bijdrage aan de uitvoering van de PaTIO studie. Jullie hebben mij op verschillende 
momenten geholpen bij de uitvoering van de studie, van de dataverzameling 
bij de deelnemende fysiotherapeuten tot het onderhouden van contact met de 
deelnemende centra tijdens mijn zwangerschapsverlof. Ik ben jullie ontzettend 
dankbaar dat jullie hier, naast jullie eigen studie, tijd en energie in wilden steken. Maar 
het was voor mij niet alleen waardevol vanwege jullie bijdrage aan het onderzoek. Ik 
vond het juist ook ontzettend leuk om jullie hierin te mogen begeleiden en jullie een 
stukje verder te helpen in jullie opleiding, Eline en Umit. Het was mooi om te zien hoe 
jullie je ontwikkelden en steeds meer je eigen weg vonden binnen het onderzoek. 
Dank jullie wel voor jullie inzet, enthousiasme en gezelligheid. Ik kijk met veel plezier 
terug op onze samenwerking.

De leden van de Beoordelingscommissie Prof. dr. S.M. A. Bierma Zeinstra, Prof. 
dr. W. Schreurs, Prof.dr. R.W. Ostelo. Hartelijk dank voor het lezen en beoordelen 
van mijn proefschrift.

En mijn oud-collega’s op kamer NC-424: Eline, Abi, Annika, Britt, Michiel, Sabine, 
Fleur, Iris, Pim, Arco, Floris, Derek, Joshua, Noortje, dank jullie wel voor alle mooie 
momenten gedurende mijn promotietraject. Een promotietraject bestaat natuurlijk 
uit veel lezen, schrijven, analyseren en soms eindeloos naar een scherm staren, maar 
gelukkig waren er altijd de momenten tussendoor die het zoveel leuker maakten. 
De vaste koffiemomenten om 10.00 en 15.00 uur waren een begrip en vormden 
vaak het gezelligste onderdeel van de dag. Even weg van de computer, bijkletsen, 
lachen, ervaringen uitwisselen en soms ook gewoon even klagen over alles wat bij 
een promotietraject hoort. Zelfs tijdens de coronaperiode wisten we deze momenten 
online voort te zetten. Ook de gezamenlijke lunches, de potjes tafelvoetbal en 
natuurlijk de stressballetjes die regelmatig zorgden voor een welkome pauze tussen 
het onderzoek door, maakten deze jaren bijzonder. Bedankt voor jullie gezelligheid, 
steun en de fijne sfeer die jullie creëerden. Jullie maakten de werkplek niet alleen 
een plek waar ik veel heb geleerd, maar vooral ook een plek waar ik met veel plezier 
heb gewerkt. Ik kijk met veel warmte terug op deze periode en ben dankbaar voor 
alle mooie herinneringen die we samen hebben gemaakt. Derek, jou wil ik graag 
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bedanken voor je enorme inzet tijdens mijn zwangerschapsverlof van Lynn. Je hebt 
in die periode fantastisch werk geleverd en ontzettend veel voor het onderzoek 
betekend. Dank je wel voor alle analyses, je hulp en het feit dat ik het onderzoek met 
een gerust hart aan jou kon overlaten. Ik ben je daar ontzettend dankbaar voor!

Mijn huidige collega’s in het CWZ: ook jullie wil ik natuurlijk bedanken. Ik ben 
ontzettend blij met de fijne collega’s die ik om mij heen heb en voel mij hier inmiddels 
echt op mijn plek. De afgelopen jaren heb ik veel mogen leren — en ik leer nog 
steeds — zowel op professioneel als persoonlijk vlak. Ik vind het fijn dat daar ruimte 
voor is en dat ik mij op beide gebieden kan blijven ontwikkelen. Lotte, Jacqueline, 
Janna, Daniëlle, Mechteld en Dianne, dank voor jullie vertrouwen, de gezelligheid, 
de samenwerking en de ruimte die jullie mij geven om mezelf te zijn. Ik kijk ernaar 
uit om de komende jaren samen met dit team verder te bouwen en nog veel mooie 
stappen te zetten.

Lieve Joleen, wie had ooit gedacht dat dat meisje dat ik in groep 2 leerde kennen, 
ruim 30 jaar later naast mij zou staan als mijn paranimf tijdens de verdediging van mijn 
proefschrift? Vanaf groep 2 hebben we eigenlijk een groot deel van ons leven samen 
opgelopen. Van Steenbergen naar de middelbare school in Bergen op Zoom, en 
hoewel onze studiekeuzes daarna ieder hun eigen kant op gingen, bleven we elkaar 
toch achtervolgen. Via Utrecht, Amsterdam en uiteindelijk ook Rotterdam vonden we 
elkaar steeds weer terug. Inmiddels hebben we samen zoveel verschillende fases van 
het leven doorlopen dat het bijna niet meer voor te stellen is dat we ooit gewoon 
samen op het schoolplein stonden. Wat ik zo bijzonder vind aan onze vriendschap, 
is dat er door de jaren heen ontzettend veel is veranderd, maar dat jij altijd bent 
gebleven. We zijn samen opgegroeid, hebben elkaar zien veranderen en hebben lief 
en leed met elkaar gedeeld. We hoeven elkaar soms niet eens alles uit te leggen; na 
al die jaren is een half woord vaak genoeg. En misschien is dat wel het mooiste aan 
een vriendschap die al zo lang meegaat: je hoeft niet steeds opnieuw te beginnen, 
je gaat gewoon verder waar je gebleven was. En hoe mooi is het dat we nu opnieuw 
een bijzonder moment met elkaar mogen delen. Ik mocht een paar jaar geleden naast 
jou staan als paranimf tijdens jouw verdediging, en vandaag zijn de rollen omgedraaid 
en sta jij naast mij. Dank je wel dat je er altijd voor mij bent, voor alle gesprekken, 
het lachen, het meeleven en de steun, zowel bij de grote gebeurtenissen als in de 
gewone momenten van het leven. Ik ben ontzettend blij en dankbaar dat jij al zo lang 
onderdeel bent van mijn leven. 
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Lieve Martine, ook jou kan ik natuurlijk niet vergeten. We zien en spreken elkaar veel 
te weinig, maar als we elkaar zien is het altijd meteen goed. Ik geniet enorm van 
onze etentjes, afspraakjes en uitjes en natuurlijk van onze inmiddels legendarische 
vakantie naar Curaçao. Een vakantie waarop we de ene na de andere bijzondere 
situatie meemaakten: van prikkende giftige duizendpoten en wilde honden tot 
natuurlijk dat idyllische, brandschone huisje waar we verbleven. We konden er 
gelukkig die week zelf al hard om lachen en besloten toen eigenlijk al dat we Curaçao 
gewoon een keer moesten overdoen. Ik had beloofd dat we na het afronden van mijn 
proefschrift opnieuw een vakantie zouden plannen. Dus Martine, bij deze: we kunnen 
gaan plannen! Deze keer hopelijk met iets minder bijzondere gebeurtenissen, maar 
natuurlijk wel met minstens zoveel gezelligheid en humor. 

Lieve Eline, Kelly en Iris, wie had gedacht dat een oproepje van Kelly voor een 
wandelclubje in De Meern, met vier bolle buiken, zou uitgroeien tot zo’n bijzondere 
vriendschap? We zeggen het regelmatig tegen elkaar, maar ik vind het nog steeds 
bijzonder hoe iets wat zo klein begon inmiddels zo’n belangrijk onderdeel van mijn 
leven is geworden. Ik ben ontzettend blij dat ik jullie dichtbij heb. Vriendinnen bij 
wie ik zo kan binnenvallen, op wie ik altijd kan terugvallen en bij wie ik echt alles kan 
zeggen. In onze groep kan het niet gek genoeg en eigenlijk ook niet mooi genoeg. 
Verdriet, geluk, frustratie, goede verhalen, slechte dagen en alles daartussenin: 
alles mag er zijn en alles loopt bij ons vrolijk door elkaar. En ondertussen staat onze 
appgroep volgens mij iedere dag wel roodgloeiend, iets waar ik stiekem ontzettend 
van geniet. Dank jullie wel voor deze bijzondere vriendschap, voor alle gesprekken, 
wandelingen, lachbuien en het meeleven met alles wat er in ons leven gebeurt. Op 
naar nog heel veel mamadates, eindeloze appgesprekken en natuurlijk ook heel veel 
mamadates mét kinderen!

Lieve schoonfamilie, toen ik verkering kreeg met Yorrick, kreeg ik er niet alleen een 
lieve man bij, maar ook een hele familie. En wat ben ik daar ontzettend blij mee. Ella 
en Roland, dank jullie wel voor alle gezelligheid, warmte en betrokkenheid door de 
jaren heen. Vanaf het begin voelde ik mij welkom en inmiddels voel ik mij gewoon 
familie.  Ook Jelmer en Brenda en mijn nichtje Jaimy en Arjen en Merel kan ik niet 
vergeten. Ook jullie wil ik bedanken voor alle mooie momenten en de gezelligheid 
door de jaren heen. En Merel, jou wil ik natuurlijk extra bedanken voor het prachtige 
ontwerp van dit proefschrift. Ondanks mijn nogal abstracte omschrijvingen wist jij er 
precies iets van te maken wat ik voor ogen had. Bedankt!

9
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Mijn lieve broers en (schoon)zusjes Vincent en Britt, Robert en Marij en Kathy, 
ook jullie wil ik natuurlijk niet vergeten in mijn dankwoord. Van samen opgroeien tot 
inmiddels een familie met aanhang en een steeds groter wordende groep neefjes: er 
is door de jaren heen genoeg veranderd, maar de gezelligheid is gebleven. Vincent 
en Britt, met Sep, Jent en Jidde, jullie hebben inmiddels een mooi stel mannen 
om je heen. Robert en Marij, bij jullie staat alweer een nieuwe kleine aanwinst te 
trappelen om zich bij de familie te voegen. Ik kan niet wachten. En natuurlijk Kathy, 
mijn ‘kleine’ zusje, die in dit rijtje natuurlijk niet mag ontbreken. Wat ik altijd zo leuk 
heb gevonden, is dat jullie regelmatig vroegen hoe het met mijn onderzoek ging 
en er ook vol trots over vertelden aan anderen. Of jullie nou echt begrepen waar 
ik precies mee bezig was, was soms nog maar de vraag, maar dat maakte eigenlijk 
helemaal niet uit. Jullie enthousiasme en trots waren er niet minder om, en juist dat 
vond ik ontzettend leuk. Hoewel we allemaal ons eigen leven hebben en elkaar niet 
iedere dag spreken of zien, vind ik het fijn om te weten dat jullie er gewoon zijn. Ik 
ben blij met de vanzelfsprekendheid die er tussen ons is: samen lachen, samen zijn en 
elkaar spreken als dat nodig is. Jullie zijn en blijven mijn broer, broertje en zusje, en ik 
ben heel blij dat ik jullie als familie om mij heen heb.

Lieve mama en papa, en dan zijn jullie aan de beurt. Als ik terugkijk op de weg die 
mij uiteindelijk naar dit proefschrift heeft gebracht, realiseer ik mij vooral hoeveel jullie 
daarin voor mij hebben betekend. Jullie hebben mij altijd gesteund in de keuzes die 
ik maakte, ook als die misschien niet altijd vanzelfsprekend waren. Vanaf het advies 
in groep 8, via de HAVO tot uiteindelijk het verdedigen van een proefschrift; de weg 
ernaartoe heeft misschien anders gelopen dan we vooraf hadden kunnen bedenken, 
maar jullie hebben er altijd in geloofd dat ik kon bereiken wat voor mij belangrijk 
was. Jullie hebben mij daarin altijd gesteund en nooit getwijfeld aan de keuzes die ik 
maakte. Jullie hebben mij altijd het vertrouwen gegeven dat ik mijn eigen weg kon 
volgen en waren er bij iedere stap die ik zette. Jullie luisterden naar mijn verhalen, 
leefden mee met mijn successen en waren er ook op de momenten dat het even wat 
minder makkelijk was. Nooit was iets te veel moeite en nooit hoefde ik uit te leggen 
waarom iets voor mij belangrijk was. Jullie stonden er gewoon. Altijd. Wat ik misschien 
wel het meest bijzonder vind, is dat jullie mij nooit een bepaalde richting hebben 
opgeduwd, maar mij juist de ruimte hebben gegeven om mijn eigen keuzes te maken. 
Of het nu ging om mijn studie, mijn werk of uiteindelijk dit proefschrift: jullie stonden 
achter mij, omdat jullie wisten hoe belangrijk dit voor mij was. Dat vertrouwen en die 
vrijheid hebben mij ontzettend veel gegeven. Dank jullie wel voor alles wat jullie mij 
hebben meegegeven, voor jullie onvoorwaardelijke liefde, vertrouwen en steun. En 
vooral: dank jullie wel dat jullie altijd mijn thuis zijn geweest, waar ik ook was en welke 
weg ik ook bewandelde. Dit proefschrift mag dan mijn naam dragen, maar zonder 
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jullie was ik hier nooit gekomen. Ik ben ontzettend trots dat jullie vandaag naast mij 
staan en ik hoop dat ik jullie net zo trots heb kunnen maken als jullie mij al mijn hele 
leven laten voelen.

Lieve Yorrick, natuurlijk mag jij niet ontbreken in dit dankwoord. Al die jaren was jij er 
voor mij. Tijdens de mooie momenten, maar zeker ook tijdens de momenten waarop 
het allemaal even wat minder vanzelfsprekend was. Je hebt mijn promotietraject van 
dichtbij meegemaakt, met alle hoogte- en dieptepunten die daarbij hoorden. Je 
luisterde naar mijn verhalen, dacht mee als ik vastliep en wist mij op de momenten dat 
het nodig was weer met beide benen op de grond te krijgen. Maar bovenal was je er 
gewoon. Altijd. Je hebt mij de ruimte gegeven om mijn eigen weg te volgen, terwijl ik 
altijd wist dat ik op jou kon terugvallen. Juist dat gevoel van zekerheid en vertrouwen 
heeft voor mij ontzettend veel betekend. En misschien ben je je er niet altijd van 
bewust geweest, maar jouw steun heeft mij door heel wat momenten heen geholpen. 
Daarnaast ben je een fantastische papa voor Noah en Lynn. Ik vind het ontzettend 
mooi om te zien hoe jij er voor ze bent, hoe je met ze meeleeft, met ze speelt en altijd 
klaarstaat. Het geeft mij een heel bijzonder gevoel om niet alleen mijn leven, maar 
ook het ouderschap met jou te mogen delen. Ik had mij geen fijnere vader voor onze 
kinderen kunnen wensen. Dat jij vandaag naast mij staat als mijn paranimf voelt dan 
ook als de meest vanzelfsprekende keuze. Na al die jaren samen, waarin we zoveel 
hebben meegemaakt en opgebouwd, kan ik mij niemand voorstellen die ik liever 
naast mij zou hebben op deze bijzondere dag. Dank je wel dat je altijd in mij bent 
blijven geloven en mij het vertrouwen gaf om mijn eigen weg te volgen. Voor alles 
wat je voor mij hebt gedaan, voor wie je voor mij bent en voor alle jaren die we al 
samen delen. Ik ben ontzettend blij dat ik dit leven met jou mag delen. Op naar alles 
wat nog komt.

Lieve Noah en Lynn, en dan jullie, mijn twee lieve kinderen. Noah, inmiddels bijna 
6 jaar, en Lynn, net 4 jaar. Jullie hebben een groot deel van mijn promotietraject van 
dichtbij meegemaakt. Jullie begrepen waarschijnlijk niet precies waar mama al die 
jaren mee bezig was, maar jullie weten wel heel goed dat mama een onderzoeker is 
en een boek aan het schrijven was met héél veel informatie. En altijd zo lief vragen 
hoeveel ik in mijn boek had geschreven wanneer jullie terugkwamen van de dierentuin 
of een ander uitje als mama aan haar proefschrift werkte. Die oprechte interesse vond 
ik ontzettend bijzonder en lief. Jullie hebben mij geleerd dat er naast onderzoek, 
werk, deadlines en proefschriften nog veel belangrijkere dingen zijn. Een knuffel, 
een verhaaltje voor het slapen gaan, samen spelen of gewoon even lekker thuis zijn. 
Jullie zorgden ervoor dat mijn werk altijd weer in perspectief kwam en dat er genoeg 
momenten waren waarop mijn proefschrift even helemaal niet belangrijk was. 

9
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Dank jullie wel voor alle knuffels, kusjes, gezelligheid en vooral voor wie jullie zijn.  
Ik ben ontzettend trots dat ik jullie mama mag zijn. Blijf vooral altijd zo nieuwsgierig 
als jullie nu zijn, blijf vragen stellen, ontdekken en je verwonderen over de wereld om 
jullie heen. Wie weet waar die nieuwsgierigheid jullie later allemaal nog brengt. En nu 
mijn proefschrift af is, hebben jullie weer wat vaker een mama die met alle aandacht 
naar jullie verhalen luistert.
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