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The overall aim of this thesis was to study the effectiveness of postoperative rehabilitation fol-

lowing THA by comparing different policies and a novel technological alternative. This was done 

in two parts, first comparing the clinical and cost effectiveness of the Dutch versus the German 

rehabilitation approach following THA, then investigating the feasibility and effectiveness of an 

e-health home-based rehabilitation program that could possibly be a flanking measure or even 

an alternative to formal physiotherapy. This section of the thesis will start with a summary of the 

main findings, followed by a discussion of the clinical implications and ideas for future research. 

Some concluding thoughts are given.

Summary

Chapter 2 is a systematic review assessing the therapeutic validity and the effectiveness of 

physiotherapeutic exercise interventions following THA for OA. Therapeutic validity was assessed 

using the Consensus on Therapeutic Exercise Training (CONTENT) scale, risk of bias using both the 

PEDro scale and the Cochrane Collaboration’s tool. We found insufficient therapeutic validity of 

physiotherapeutic exercise interventions – in fact, only one out of the 20 articles included could 

be considered to be of high therapeutic validity. A minority of the studies was considered to be 

of adequate quality according to the two risk-of-bias assessment tools used. In conclusion, due 

to the heterogeneity in characteristics of the physiotherapeutic exercise and control interventions, 

the length of follow-up, and the outcome measures used in the trials, no clear evidence was 

found for the effectiveness of physiotherapeutic exercise following THA. Since the levels of 

therapeutic validity did not correspond with the risk-of-bias scores, both aspects should be taken 

into account when developing and reporting on protocols of clinical trials. To assess effectiveness 

of physiotherapeutic exercise following THA, uniformity of characteristics of physiotherapeutic 

exercise interventions, control interventions, length of follow-up, and outcome measures should 

be improved to enhance comparability.

In Chapter 3 a design paper was presented in order to investigate the clinical and cost effec-

tiveness of rehabilitation following THA in an observational study comparing usual care between 

the Netherlands and Germany. Chapter 4 elaborated on the results. It was hypothesized that 

the more comprehensive postsurgical THA medical rehabilitation procedure in Germany leads 

to greater patient satisfaction and better functional outcomes than the Dutch approach. It was 

also hypothesized that the German procedure is more cost effective than the Dutch procedure. 

When looking at the results of the clinical effectiveness, our data confirm that the German policy 

leads to a significantly larger proportion of satisfied patients (respectively 65.6% German versus 

47.5% Dutch) 12 weeks after primary THA. The German cohort scored significantly better on 
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self-reported function. On the FTSST of the functional tests the German patients also scored 

better at T
1
 and T

2
. Straightforward comparisons between Germany and the Netherlands cannot 

be made on cost effectiveness. At first glance the German policy is much more expensive than 

the Dutch, which makes sense because German patients receive much more therapy. The German 

policy is almost twice (46%) as expensive as the Dutch. However, when comparing those patients 

who are still participating in the workforce a more balanced picture is revealed, with costs in 

Germany about 23% higher than in the Netherlands. Lastly, a scenario analysis was conducted in 

which it was assumed that the German patients work the same number of weekly hours as the 

Dutch patients, and that productivity costs per hour are also the same. The difference between 

German and Dutch postoperative rehabilitation decreased to 9%, with the German policy still 

being more expensive. And yet, the trend was that more German than Dutch patients were back 

at work at six months. The results give food for thought as to whether aspects of the German 

approach would be beneficial for the growing group of employable patients in the Netherlands.

In Chapter 5 we found that an e-health home-based rehabilitation program driven by a tablet 

application, mobility monitoring, and remote coaching seems feasible for THA patients. Adherence 

to the program was good, with an average of 92% exercising 5 times a week. Patients’ experience 

on the user evaluation questionnaire was positive, with an average score of 4.6 (range 0-5) four 

weeks after surgery and 4.5 twelve weeks after surgery. Patients liked that they could rehabilitate 

from home (and that they did not have to travel), and felt motivated by the program. They also 

appreciated the remote support by weekly phone contact with the physiotherapist/coach. The 

novel technology was well accepted. If the home-based rehabilitation program proves to be 

effective too, it could be an alternative to formal physiotherapy.

Based on our findings, the aim of Chapter 6 was to determine the effectiveness of this home-

based rehabilitation program, so it was compared with usual care in the Netherlands. When 

looking at the results, not only significant differences were found on the functional tests and 

self-reported questionnaires: the program also showed to have large to very large effect sizes 

on the functional measurements (TUG & FTSST) at the end (12 weeks). These large effect sizes 

in favor of the home-based rehabilitation program were still present at the 6-month follow-up 

measurement. The results were endorsed by the self-reported outcomes and imply that an 

e-health home-based rehabilitation program after THA can be more effective than usual care. 

Such a program could therefore be a valuable flanking measure or even an alternative to regular 

physiotherapy in the Netherlands for special patient groups (e.g. elderly who cannot come to the 

physiotherapy practice) or due to environmental considerations.

7
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Clinical implications

It is important to consider how the findings of the current thesis may impact clinical practice. In 

the following section these clinical implications will be discussed within the context of societal 

and technological developments, the therapeutic validity of physiotherapeutic interventions, and 

the different rehabilitation policies as a way to offer tailored rehabilitation.

Societal and technological developments
Life expectancy has been rising worldwide since the early 20th century; since 1900 the global 

average life expectancy has more than doubled and is now approaching 70 years.1,2 Our society 

is also facing an obesity epidemic: the worldwide prevalence of obesity nearly tripled between 

1975 and 2016, with 650 million obese people in 2016.3 As OA is an age-related disease and 

overweight/obesity is considered a risk factor for its development, the incidence of hip OA is rising 

in the Western world. This will eventually increase the demand for THA.

Another consequence of the increasing life expectancy is the rising retirement age in Western 

societies,4 so more THA patients will remain in the labor force. The vast majority of working-age 

patients will return to work after THA.5 This development is enhanced by the trend to perform hip 

replacements at a younger age, as technological and surgical improvements increase prosthetic 

survivorship and facilitate placement of a new hip at a younger age.6,7 In addition, due to financial 

cutbacks by health insurers, among others, length of hospital stay after THA has declined over 

the past decade from a mean of 3 weeks to 2-4 days.8-10 Consequently, patients receive limited 

postsurgical care and supervision at the hospital after surgery, making them more responsible 

for their own rehabilitation.11

The younger age may have consequences for the expectations these patients have after THA. 

Back in the 1970s, when the first THAs were performed,12 most patients were retirees with low 

activity levels.4 To them, the most important quality-of-life aspects after a THA would relate to the 

ability to live independently, for example in terms of doing household chores and running errands. 

Nowadays younger patients may have different expectations of postsurgical quality of life. An 

increasing number of patients is expected to return to work as soon as possible and anticipate 

a high quality of life outside of work that includes sports and recreational activities.13 Within the 

context of these developments not only successful surgery but also effective and immediate 

rehabilitation is more important than before. Even though all these aspects are well-known, the 

current Dutch policy of THA rehabilitation seems unrewarding. Our findings do suggest that there 

are alternatives to the current Dutch system. Both the more comprehensive German rehabilitation 
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policy and the e-health home-based rehabilitation program seem to be effective strategies to 

enhance postoperative rehabilitation outcome.

The results of the comparison between the Netherlands and Germany gravitate toward better 

hip function, greater satisfaction, superior subjective perception, and earlier return to work for 

the German patients. From an American study by Koenig et al. it is known that especially among 

working patients the net social savings ($ 63,314) due to work status and earnings after THA prac-

tically double the costs ($ 30,365), which emphasizes that proper rehabilitation probably pays off.14 

However, according to an Australian study by Naylor et al. rehabilitation choices are not dictated 

by what patients need but by what is offered and/or covered by their health insurance package.15 

This is probably also true for the Dutch context, which is determined by insurance coverage instead 

of by the best possible rehabilitation modality/strategy for the patient. It has additionally been 

found that the setting of physical therapy programs makes no difference.15,16 Previous research 

has revealed that home-based programs are just as effective as supervised ones.16 In our study 

we showed that offering these home-based programs using a smart application is also feasible 

and effective. Based on these developments, more attention should be paid to the rehabilitation 

of working-age patients. Dutch clinicians should try to effectuate changes in collaboration with 

policymakers. From a societal perspective this could lead to substantial savings.

Therapeutic validity of physiotherapeutic interventions
In Chapter 2 it was concluded that due to insufficient therapeutic validity and potentially high 

risk of bias of the included studies, no clear evidence could be found for the effectiveness of 

physiotherapeutic exercise following THA. To develop future physiotherapeutic interventions it was 

advised to not focus on risk of bias only but to also include therapeutic validity as an important 

criterion. The CONTENT scale could be used to describe the various aspects of therapeutic validity 

and to increase the transparency of interventions.17 The CONTENT scale consists of five domains 

(patient eligibility, competences and setting, rationale, content, adherence). When designing and 

describing studies in which a physiotherapeutic exercise intervention is applied, these domains 

should be taken into account. Until then, it can be hypothesized that no clear answer can be given 

on the extent to which physiotherapeutic exercise is effective following THA.17,18

According to the results of the systematic review, physiotherapeutic interventions can be admin-

istered in very different ways and settings. This can be illustrated by the delivery of postoperative 

physiotherapy in the Netherlands and Germany, as shown in Chapters 3 and 4. The Dutch and 

German healthcare systems have a divergent vision with respect to THA and postoperative rehabil-

itation programs. In the context of therapeutic validity, postoperative rehabilitation in Germany can 

7
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be considered as an attempt to enhance transparency of the intervention. An extensive description 

of the rehabilitation is provided in terms of exercise type, setting, supervision, frequency, and 

intensity.19 The content of the rehabilitation is prescribed in specific evidence-based standards 

by the Deutsche Rentenversicherung (DRV), specifying for every module the minimum duration 

of different therapies and the minimum proportion (%) of patients needing it.19 For quality 

management purposes the DRV publishes an annual report on the extent to which individual 

rehabilitation centers have met the standards for each year. Directly after discharge from the 

hospital German patients follow a 3-week rehabilitation program in a specialized rehabilitation 

center with a variety of partly tailored, partly more general therapeutic measures that include for 

example physiotherapy interventions, occupational therapy, or health-related trainings 6 days per 

week. Thanks to rigorous supervision of patient participation at these centers, good adherence to 

the entire program and thus good functional outcome can be expected. After discharge from the 

rehabilitation center, German patients can receive additional physiotherapy. Whether additional 

physiotherapy is prescribed depends on patients’ health status or their general practitioner or 

registered orthopedic surgeon, but the majority of THA patients will be under physical therapy 

supervision for an extended period of time.

Although the content of the rehabilitation in Germany is prescribed by the DRV following certain 

standards, there is some variety in the content of physiotherapy sessions. For example, some 

treatments require special further training following PT school (e.g. manual lymphatic drainage, 

manual therapy). However, because of hectic everyday life and organizational issues a physiother-

apist without such additional training and with only basic knowledge of the specific treatment 

modality may have to treat those patients with the specific prescription anyway. Session length 

also varies, from 15 to 30 minutes per session.20

In contrast to Germany, the transparency of postoperative physiotherapy in the Dutch situation 

is lacking, despite existing recommendations. Both the Dutch Orthopaedic Association (NOV) 

and the Royal Dutch Society for Physical Therapy (KNGF) do recommend continuing physiother-

apeutic exercise in an extramural setting after hospital discharge to improve existing disorders 

in functions like muscle strength, mobility, stability, and gait pattern, and to improve limitations 

in daily activities (e.g. performing transfers and walking).21,22 This is a general statement without 

specific description though. There should be a more precise description of characteristics of 

physiotherapeutic exercise interventions, length of follow-up, and outcome measure to enhance 

transparency. In fact, it can be concluded that the current Dutch situation is in line with the 

outcome of our systematic review that the effectiveness of physiotherapeutic exercise following 

THA is still unclear. Postoperative physiotherapy in the Netherlands is currently like a black box 
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in terms of number, modality, and setting of treatments. Moreover, the content and frequency 

of physiotherapy varies considerably per patient. Postoperative physiotherapy is essentially not 

covered by Dutch basic health insurance,23 so patients need an additional insurance package for it. 

Due to the variety in supplementary packages, the yearly number of treatments reimbursed varies 

from 6 to 42.24 In the current thesis, the self-reported number of patients’ physiotherapy sessions 

ranged between 0 and 60. The current study presented additional reasons for the variability of 

received physiotherapy in the Netherlands: (1) treatments that could have been reimbursed by 

insurance were already used preoperatively; (2) some patients did not believe in physiotherapy; 

(3) there were patients who already had a THA on the other side, so they already knew what 

kind of exercises they had to do; and (4) there were orthopedic surgeons who told patients that 

postoperative physiotherapy is not necessary. All these factors resulted in a lack of transparency 

of postoperative physiotherapy and its ultimate effectiveness.

An attempt to change the Dutch situation for the better is the Physiotherapeutic Treat-to-target 

Intervention after Orthopaedic surgery (PATIO) study.25 PATIO is a joint initiative of the NOV and 

the KNGF. The motive behind this initiative is that both recognize that transparency in postop-

erative physiotherapy is lacking in the Netherlands. The PATIO study proposes an evaluation of 

optimized, personalized treat-to-target postoperative physiotherapy. The intervention of the PATIO 

study is well described and is in line with the domains that are incorporated in the CONTENT 

scale (patient eligibility, competences and setting, rationale, content). The program comprises 

strengthening exercises, stability training, range of motion, and functional exercises (gait training). 

The postoperative physiotherapy is started as soon as possible but at least two weeks after surgery, 

and will have a frequency of twice a week. The intervention includes a well-described transmural 

care pathway for personalized treat-to-target postoperative physiotherapy. The postoperative 

physiotherapeutic intervention comprises a standardized, time-contingent program (targeted 

at maximum 12 weeks) focused on the evidence-based components, with regular evaluations 

regarding achievement of milestones. These milestones were developed with an expert panel 

and are formulated in terms of performance achievement of daily activities or participation. 

Once the final milestones are achieved, treatment is discontinued and patients are referred to 

sports activities in the community. An ongoing nationwide study compares the effectiveness of 

the PATIO intervention to usual care. It is hypothesized that an intervention like the PATIO will be 

more effective than the current usual post-THA care.

Just like the aims of the PATIO study, our home-based rehabilitation program would be an 

interesting alternative to the existing usual care in order to offer optimized, personalized treat-

to-target rehabilitation. In Chapters 6 and 7 we investigated the feasibility and effectiveness of 

7
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a home-based rehabilitation program delivered using videos on a tablet PC. It can be concluded 

that an e-health home-based rehabilitation program seems feasible and effective for patients 

following THA. When we look at the home-based rehabilitation program in the context of 

therapeutic validity, it would probably be a transparent intervention. The program is also in line 

with the domains that are incorporated in the CONTENT scale, like patient eligibility, rationale, 

content, and adherence. The program clearly describes content and frequency, starting a 12-week 

program seven days after surgery. Patients exercise independently at home using a tablet PC for 

instructions. Strength-training sessions started with exercise bouts of 10 minutes that progressively 

increased to 45 minutes through the 12 weeks. The first step-in level of the program consisted of 

light and easy exercises whose training parameters and performance can be easily described in 

detail. Difficulty and exercise duration were increased across levels gradually. The exercise burden 

was augmented by adding more repetitions, more exercises, and longer training time, as well as 

by incorporating the use of ankle weights. Instructions for walking exercises had no video and 

showed a descriptive message only. Patients started by walking three 5-minute blocks each day, 

progressing up to a daily 30-minute walk.

To personalize the program, patients were asked questions on the tablet PC about perceived pain 

and perceived intensity of the exercises at the end of every program week. A score of self-reported 

intensity <4 (scale 0-10, where 0 = low intensity and 10 = high intensity) was used as indicator 

that a patient could train at a higher level, making it a personalized treat-to-target intervention. 

During a weekly phone call, physiotherapist and patient evaluated the progress and agreed on 

whether to train at a higher level or to remain at the same level for an extra week.

Tailored rehabilitation
Tailored rehabilitation can be defined as making changes to fit a specific situation. Using the best 

of different rehabilitation policies can be a way to offer tailored rehabilitation. Not only is the 

demand for THA increasing, so is the heterogeneity of the group needing the intervention. This 

heterogeneity can be explained by two factors: on the one hand, because of the aging population 

and rising retirement age older persons undergo a THA, and they need to get back on track after 

surgery and expect good quality of life. On the other hand, due to increased prevalence of obesity 

and thanks to technological and surgical improvements there is a trend toward performing hip 

replacements at a younger age. Patient heterogeneity in this context means that an intervention 

suitable for one patient may not always be the best treatment for someone else: while an e-health 

home-based rehabilitation program might be better suited for fit patients, older patients are better 

served at a rehabilitation center. As shown in the current thesis, both the German rehabilitation 

policy and the home-based rehabilitation program seem to be effective strategies to enhance 
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postoperative rehabilitation outcome in THA patients compared to usual care in the Netherlands. 

Hence these strategies or elements of them should be used to develop more tailored interventions.

For example, a first option to improve the existing usual care in the Netherlands for traditional 

patients would be a treat-to-target strategy with frequent visits to a physiotherapist for super-

vision, like in the PATIO study. This well-described postoperative physiotherapeutic intervention 

comprises a standardized, time-contingent program (targeted at maximum 12 weeks) focused 

on the evidence-based components, with regular evaluations on achievement of milestones.

A second option is for the more healthy, active and fitter patients to independently follow a 

home-based rehabilitation program on a tablet PC – of course, after a few sessions together 

with a physiotherapist to clear all exercises. Performing the exercises correctly is a crucial aspect 

in order to avoid complications and overuse of other systems and tissues. Recent technological 

developments such as wearable sensors and tablet PC use with mobile internet connection look 

promising for e-health home-based programs.26 These developments allow for remote coaching 

options, which appears to be a good alternative to supervised physiotherapy in an outpatient 

setting.26 The results of our study are in line with earlier studies27,28 that likewise proved the 

effectiveness of home-based rehabilitation. In our study it was proven that this is possible with 

the use of novel internet technology. A home-based rehabilitation program can also be more 

suitable than usual care for (1) elderly persons who cannot come to the physiotherapy practice by 

themselves; (2) people in remote, rural areas who are not always able to travel far; and (3) people 

who live independently and are not allowed to travel by car the first six weeks.

A third option could be that patients who must return to work, older patients who need more 

attention, or patients with extra comorbidities would benefit more at a rehabilitation center with 

a specific intensive program for three weeks, like in Germany. There, patients can rehabilitate 

with a personalized program, specialized supervision, and the expectation of good adherence. 

Presently in the Netherlands there is the possibility to go to a geriatric rehabilitation center, but 

this option is only open to a selected group of frail elderly.

Recommendations for future research

The results of the current thesis give thoughts for future research. First of all, when designing 

and describing studies in which a physiotherapeutic exercise intervention is applied or being 

studied, both therapeutic validity and risk of bias should be considered. The CONTENT scale 

or similar instruments should be used to describe the various aspects of therapeutic validity to 

7
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increase the transparency of interventions applied in clinical trials. To gain complete insight into 

the effectiveness of physiotherapeutic exercise interventions, future studies should include a 

spectrum of outcome measures, such as those proposed by the Osteoarthritis Research Society 

International (OARSI), and appropriate patient selection criteria. A clear description of the control 

intervention should be provided in terms of exercise type, setting, supervision, frequency, and 

intensity. Not until such studies have been done can any sound conclusion be established on 

whether a structured physiotherapy program following THA was useful. Lastly, future studies 

should include a long-term follow-up to assess whether and in which patient group any significant 

improvements after physiotherapeutic exercise interventions are long-lasting.

Secondly, with respect to the home-based rehabilitation program, in the current study effective-

ness was assessed with a small sample. To endorse the effects we found, the effectiveness of the 

home-based rehabilitation program should be investigated in a properly powered RCT. The cohort 

was made up of people younger than 65, but an older population should also be included, with 

individuals who have less of a feel for the novel technology than the younger working population. 

In earlier research using the same technology, a home-based rehabilitation program already 

seemed feasible for older frail adults.29 The cost effectiveness of the home-based rehabilitation 

program is not yet determined, but it can be hypothesized that such a program is probably more 

cost effective than usual care. A physiotherapist can make fewer hours, but patients still receive 

an effective rehabilitation program.

Additional research is needed to improve remote coaching. As correct exercise performance is of 

the utmost relevance, it would be useful if the patient can have a video call with the physiother-

apist throughout the application, so the physiotherapist can evaluate exercise performance and 

gait pattern. To that end a project has been started recently, Smart devices for clinical MOVEment 

assessment (SMOVE), that will develop an intelligent instrument for clinically validated movement 

assessment, diagnosis, and monitoring of movement from home.30 This project is an initiative 

of the Orthopedics Department of University Medical Center Groningen. The project aims at 

patient populations with neuromotor disabilities, which includes patients rehabilitating at home 

after hip replacements. An instrument will be developed that allows them to receive all or part 

of their treatment from home. As a result there is increased and better monitoring of patients’ 

movements, medical professionals can evaluate these movements, and the amount of necessary 

clinical treatment is reduced. To make the home-based rehabilitation program more interactive 

it would also be interesting to enable chatting with other patients to exchange experiences, or 

for patients to compare their rehabilitation process with fellow patients by adding a competitive 

touch and social support.
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Lastly, it appears that the German rehabilitation setup benefits the working patient population. 

German patients are more satisfied with the rehabilitation and score better on both objective and 

subjective outcomes. In a scenario analysis the German policy is only 9% more expensive than the 

Dutch, making it interesting to offer similar rehabilitation to working patients in the Netherlands. 

In the end this could lead to substantial savings for society. More research is needed to accomplish 

this in the Netherlands. As the comparison of cost effectiveness in the current study can only 

represent a first insight, a more comprehensive evaluation would be interesting.

Concluding remarks

Taken together it can be concluded that (1) a more intense postoperative rehabilitation following 

primary THA as handled in Germany is clinically advantageous. From a cost-effectiveness per-

spective, comparisons are less straightforward as the socio-economic context differs between 

both countries, although the German policy seems to benefit the working population; and (2) an 

e-health home-based rehabilitation program seems feasible and effective for patients following 

THA and could be a possible addition or alternative to formal physiotherapy in the Netherlands.

As a concluding remark of this thesis, it should be emphasized that because of the increasing 

heterogeneity of THA patients, a “one size fits all” approach/policy with respect to rehabilitation 

is no longer appropriate. Using the best of different rehabilitation policies can result in tailored 

rehabilitation options.

7
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