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Abstract
Introduction Osteoarthritis is the most common joint
disorder worldwide. Total hip arthroplasty (THA) is
considered one of the most effective treatments for endstage hip osteoarthritis. The number of THAs is expected
to increase dramatically in the coming decades. Usual
postoperative rehabilitation after primary THA differs
between the German and the Dutch system. In the
Netherlands, patients undergo fast-track surgery and are
discharged into their home environment within a few days
without receiving any aftercare. In Germany, patients stay
in the hospital for about 12 days before being transferred
to a rehabilitation centre for a period of 3 weeks. The
superficially more cost-effective Dutch system of usual
care after THA is judged critically in both countries due to
suboptimal rehabilitation outcomes. The aim of this study
is therefore to compare the Dutch with the German usual
care rehabilitation after primary THA. It is hypothesised
that the German procedure is more effective in terms
of functional outcomes and patient satisfaction than the
Dutch procedure and that in the long run the German
approach is more cost-effective than the Dutch system.
Methods and analysis Medical effectiveness will
be assessed at four different time points by means of
patient self-reported questionnaires and functional tests.
Assessments include the Hip disability and Osteoarthritis
Outcome Score, Patient Acceptable Symptom State, Short
Form 36, EuroQol 5 Dimensions 3 Level Questionnaire,
Timed Up & Go Test and Five Times Sit-to-Stand Test.
Additionally, long-term economic aspects in both countries
will be assessed from a societal perspective, to get a first
impression on whether cutting costs for rehabilitation,
as practised in the Netherlands, really disburdens the
healthcare system efficiently.
Ethics and dissemination The study is approved by the
Institutional Review Boards of both University Medical
Center Groningen (METc2015/483) and Hannover Medical
School (no 2874-2015) and will be conducted according to
the principles of the Declaration of Helsinki (64th, 2013).
The results of the study will be published in international
peer-reviewed scientific journals. Patient data will be
presented anonymously in any publication or scientific
journal.
Trial registration number DRKS00011345; Pre-results.

Strength and limitations of this study
►► This is the first controlled observational trial

to assess short-term as well as medium-term
medical and cost effectiveness of the Dutch and/or
German usual rehabilitation approach after total hip
arthroplasty surgery.
►► The medical evaluation includes both patient selfreported questionnaires and objective assessments.
Additionally, direct and indirect costs will be
evaluated from a societal perspective.
►► Due to inclusion of two highly specialised hospitals
and a single rehabilitation centre for German
patients, the possibility of selection bias cannot be
ruled out.

Background and rationale
Osteoarthritis (OA) is an age-related, chronic
and progressive disease. OA is the most
common joint disorder worldwide, causing
pain, loss of function and disability in those
affected.1 OA is recognised as a substantial
source of disability and absenteeism from
work with significant social and financial
costs due to surgical and medical interventions and reduced work ability.2 OA is most
prominent in lower-extremity joints like the
knee and hip.3 So far there is no cure for OA
of the hip.4 5 Surgical treatment by means of a
total hip arthroplasty (THA) is indicated for
end-stage hip OA.
The prevalence of hip OA related to the
total Dutch population is 15.96 for men
and 27.03 for women, respectively, per 1000
inhabitants.6 In Germany, these numbers are
roughly the same.7 The number of people
with hip OA is expected to increase in the
near future in both countries,6 due to ageing
Western societies as well as growing numbers
of people with overweight or obesity, which is
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considered a major risk factor for OA.8 There is also an
increasing trend of OA among the younger population.
Younger patients have different demands for artificial joints as they are ordinarily more active than older
patients. In Germany, 60 059 patients under age 65 were
provided with a primary THA in 2015.9 Within just one
decade, the number of patients with hip OA in Germany
aged 25–60 increased by about 25%.10 The prevalence
of hip OA in the Dutch working-age population was 8.94
for men and 9.26 for women per 1000 inhabitants in
2011.6 As retirement age rises in Western societies, the
working-age population is becoming an increasingly
important group, as it is expected to return to work after
surgery. It is therefore important for this group to have
an optimal recovery.
At present, THA is considered one of the most
successful and medically effective and cost-effective
surgical treatment available for end-stage hip OA. As a
result, a total of 227 293 primary THAs were performed
in Germany in 20159 and 28 024 in the Netherlands in
2014.11 In the Netherlands, there is a growing trend for
patients with primary THA to undergo fast-track surgery
and leave the hospital within a few days. As a downside,
patients are minimally supported in their rehabilitation
process after hospital discharge. Moreover, postsurgical
physical therapy is not regularly covered by Dutch health
insurance.12 Only patients with an additional insurance
coverage can claim postoperative physical therapy for a
short time, depending on the insurance conditions.12 This
can ultimately lead to suboptimal recovery from primary
THA surgery. In Germany, patients stay in the hospital for
approximately 12 days after primary THA surgery; this is
followed by 3 weeks of medical rehabilitation at a rehabilitation centre to reduce OA-related symptoms such as
(chronic) pain and dysfunction as well as preserve and/
or restore quality of life. For elderly patients with hip OA,
this means preserving self-determined and independent
living and social integration; for the younger patients, it
signifies reintegration to family and daily and working
life. These objectives are achieved through a multimodal, multi-professional treatment approach, including
stabilisation and strengthening of joint muscles, joint
protection training, provision of aids, practice of replacement functions to cope with everyday life with disabilities
and nutritional counselling.13–15
Due to the expected increase in the number of patients
with hip OA both in Germany and the Netherlands, the
question arises of which country’s postoperative policy
is the most effective. As patients with OA are among the
main users of the healthcare system, this increase will
result in a higher socioeconomic burden of OA, especially
among employable patients.7 This is why insight into the
medical as well as the cost effectiveness of both postoperative policies is of the utmost relevance. The aim of this
study is to compare the medical and cost effectiveness of
the Dutch versus the German rehabilitation approach
following primary THA.
2

Methods and design
Study design
The study will be conducted as a transnational prospective controlled observational trial in which the (cost)
effectiveness of the Dutch versus the German rehabilitation approach following primary THA will be analysed.
The study is a mutual project of the orthopaedic departments of University Medical Center Groningen (UMCG),
the Netherlands, and Pius Hospital/Carl von Ossietzky
University Oldenburg, Germany, in cooperation with affiliated hospitals. On the Dutch side, patients will undergo
primary THA at Ommelander Hospital Winschoten/
Delfzijl. German patients will have surgery at the University Hospital for Orthopaedics and Trauma Surgery
Pius-Hospital in Oldenburg. Inpatient rehabilitation for
the German patients will take place at the rehabilitation
centre Reha-Zentrum am Meer in Bad Zwischenahn.
Study population
A total of 150 (75 Dutch and 75 German) employable
patients aged 18–65 who show clinical evidence of hip
OA will be included. Clinical evidence of hip OA is based
on the definition of Altman et al16: hip pain and either
(A) hip internal rotation ≥15°, pain with internal rotation of the hip, morning stiffness of the hip for ≤60 min
or (B) hip internal rotation <15° and hip flexion ≤115°.
Those criteria have been shown to present a sensitivity of
86% and a specificity of 75%. Since in Germany, patients
can generally decide whether they want to do outpatient or inpatient rehabilitation after primary THA, they
must additionally agree to do stationary rehabilitation
at the collaborative rehabilitation centre. Patients are
also required to sign a written informed consent form in
order to be able to participate in the study.
Exclusion criteria are medical conditions that disallow
safe participation in a rehabilitation programme, cognitive impairment and inability to sufficiently read and
understand German or Dutch, as applicable.
Measurements
Measurements will be taken preoperatively (T0) and
4 weeks (T1) and 12 weeks (T2) postoperatively. A follow-up
measurement will be taken 6 months (T3) postoperatively.
Preoperative demographic data, preoperative diagnosis,
height, weight, Body mass Index (BMI), American Society
of Anesthesiologists classification and perioperative
and postoperative complications will be recorded from
electronic patient files. To assess the medical effectiveness, functional status and quality of life of patients with
primary THA will be measured using patient self-reported
questionnaires and objective functional measurements.
Primary outcome is the Patient Acceptable Symptom
State (PASS), an instrument to measure a patient’s
response to a treatment or intervention.17 PASS is based
on well-being or satisfaction with the actual symptoms,
expressed as the score on a patient-reported outcome
measure beyond which patients consider themselves
well.18 19 PASS scores will be calculated from results on
Seeber GH, et al. BMJ Open 2017;7:e016020. doi:10.1136/bmjopen-2017-016020
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the Hip Disability and Osteoarthritis Outcome Score
(HOOS). HOOS is a self-reported and disease-specific
outcome measure, which consists of five subscales: pain
(10 items), symptoms (5 items), activities of daily living
(17 items), function in sports and recreation (4 items)
and hip-related quality of life (4 items). Standardised
response options are given and each question is scored
from 0 to 4 on a 5-point Likert Scale. A normalised score,
ranging from 0 to 100, is subsequently calculated for each
subscale, with 0 indicating extreme symptoms and 100
indicating no symptoms. The German and Dutch versions
have been proven to be valid and reliable.20 21 To calculate
the PASS scores of HOOS, an additional question will be
used asking patients about their actual satisfaction with
the hip symptoms: “If you were to spend the rest of your
life with the hip symptoms you have now, how would you
feel?” This question will be asked in the form of a Likert
Scale with four response options: very satisfied, somewhat
satisfied, somewhat dissatisfied and very dissatisfied.18 22
The scores on this question are then used to calculate
PASS in order to distinguish between responders and
non-responders.
To measure health-related quality of life, the Short
Form 36 (SF-36) and the EuroQol 5 Dimensions 3 Level
Questionnaire (EQ-5D-3L) will be used. SF-36 is a widely
used generic health status questionnaire. It consists of 36
questions organised into eight multi-item scales: physical
functioning, role physical (limitations due to physical
health problems), bodily pain, general health, vitality,
social functioning, role emotional (limitations due to
emotional problems) and mental health. Each raw scale
score is transformed into a linear 0–100 scale. A higher
score represents less disability. The German and Dutch
language versions have proven to be practical, reliable
and valid within a general and chronic disease population.23 24 EQ-5D-3L has five dimensions: mobility, self-care,
usual activities, pain/discomfort and anxiety/depression.
Each dimension is divided into three degrees of severity:
no problem, some problems and major problems. Actual
quality of life must also be identified on the EQ-5D-3L
Visual Analogue Scale.25 EQ-5D-3L has been proven to be
practical, reliable and valid.26
To assess functional status objectively, the Timed Up
& Go Test (TUG) and the Five Times Sit-to-Stand Test
(FTSST) will be conducted. TUG is an accepted test for
measuring mobility. It is evidently reliable and valid.26
FTSST is a clinical test for assessing lower-extremity
power and balance and shows good reliability.27 28 In
order to minimise learning effects as potential bias, the
functional assessments will be conducted three times as
per the instructions.29In between trials, the patient rests
in a sitting position for 60 s. The mean for each test is
subsequently calculated. The examiner is blinded to the
results of previous measurement time points by using a
blank report each time. To prevent bias, participants are
not informed about their previous results.
An economic assessment comparing preoperative and
6-month postoperative costs will also be conducted. The
Seeber GH, et al. BMJ Open 2017;7:e016020. doi:10.1136/bmjopen-2017-016020

assessment will be done from a societal perspective, registering costs within and outside the healthcare sector. To
answer the research question about cost effectiveness,
direct and indirect costs will be examined. Direct costs
arise from inpatient treatment, non-hospital treatment,
inpatient and outpatient rehabilitation, preventive and
supervisory activities, ambulance services, among others.
Indirect costs arise from work absenteeism, mortality,
retraining expenses, early retirement, among others. To
calculate direct costs arising from hospital treatment, the
Diagnosis Related Groups system will be used in both
Germany and the Netherlands.30 Costs related to inpatient rehabilitation will be revealed via the set daily rate
for medical rehabilitation multiplied by length of stay of
an individual patient. To assess indirect costs, patients
will be asked in a questionnaire to provide information
about work absenteeism due to hip-related problems,
necessity and frequency of visiting a medical doctor, use
of pain medication, time to resumption of work, volume
of employment, change of work or retraining (if any),
early retirement, among others. The economic assessment will be conducted in cooperation with the medical
technology assessment section of the UMCG department
of epidemiology.
Sample size
The sample size calculation is based on PASS. PASS is a
new approach to measure patients’ response to a treatment or intervention and is therefore an easy method
to establish whether a patient has achieved therapeutic
success.17 According to Escobar et al, 70% of patients
reached an acceptable-symptoms state at 3 months after
primary THA.17 22 It is hypothesised that German usual
care results in a larger proportion of patients with a positive PASS at 3 months following primary THA. It is stated
that a difference of 20% between the German and Dutch
samples in the proportion of patients with a positive PASS
is considered clinically significant.17 31 Consequently,
based on the results of Escobar et al, a sample size of 60
patients in each subgroup (Germany/the Netherlands)
is required to detect a 20% difference, with a power of
80% and a significance level of 0.05.17 22 Considering a
drop-out rate of 20%, a final enrolment of 150 patients
(75 Dutch and 75 German) is needed.
Statistical analysis
Statistical analysis will be performed using IBM SPSS
Statistics V.23.0 (IBM). Descriptive statistics will be used
to describe the main characteristics of the two research
groups as well as intraoperative and postoperative complications. For comparison between the Dutch and the
German group, a multivariate analysis of variance will be
done. HOOS, SF-36, EQ-5D-3L, PASS, TUG and FTSST
will be included as dependent variables, and hospital and
propensity score, as independent variables. Propensity
scores, or the likelihood of having one of the conditions,
will be estimated with the following preoperative variables:
age, gender, marital status, living situation, functional
3
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status, comorbidity and BMI. A p-value <0.05 will be
considered as statistically significant.

Ethics and dissemination
The study is approved by the Institutional Review Boards
of both University Medical Groningen (METc2015/483)
and Hannover Medical School (no. 2874–2015) and will
be conducted according to the principles of the Declaration of Helsinki (64th, 2013). The results of the study
will be published in international peer-reviewed scientific
journals. Patient data will be presented anonymously in
any publication or scientific journal.

Discussion
The aim of this study is to compare the medical and
cost effectiveness of the Dutch and German rehabilitation approaches following primary THA. Due to the
increasing number of employable patients with hip OA,
both Germany and the Netherlands face an enormous
socioeconomic burden as patients with OA are among the
main users of the healthcare system. To that end, insight
into the medical and cost effectiveness of both postoperative policies is of the utmost relevance.
In the Netherlands, the implementation of miscellaneous evidence-based preoperative, perioperative and
postoperative care components in the last decade has
been demonstrated to enhance recovery using fast-track
surgery.32 33 However, the quick transfer from the hospital
to the home environment can lead to suboptimal rehabilitation after primary THA. Moreover, in the Dutch
healthcare system, postoperative physical therapy is not
regularly covered and only patients with additional insurance coverage can claim such therapy. Based on available
literature, it can be stated that physical therapy should be
intensive and initiated directly after THA to reduce postoperative early loss of muscle strength and function.32 A
different policy is followed in Germany after discharge
from the hospital, as patients follow an extensive rehabilitation programme for a 3-week period. It is hypothesised
that the more comprehensive postsurgical THA rehabilitation procedure in Germany leads to better functional
outcomes and more patient satisfaction than the Dutch
approach. It is also hypothesised that the German procedure is more cost-effective in the long term. Should this
study point out that a more intense aftercare following
primary THA as handled in Germany is both medically
and economically advantageous, these would be helpful
arguments for Dutch surgeons to try to change their
policy in cooperation with health insurance companies.
For German surgeons, data of better medical outcomes
compared with a non-rehabilitation approach after
primary THA can be used to justify healthcare expenditures. Although unexpected, this comparison would
show the Dutch system to be more cost-effective while
achieving the same or even better levels of function and
4

patient satisfaction, these would be arguments to change
the German approach.
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