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The overall aim of this thesis is to investigate aspects of both structure and processes in 
geriatric rehabilitation related to the outcome of successful rehabilitation. 

PART 1. ASPECTS Of SuCCESSful GERIATRIC REhABIlITATION

The first part of this thesis presents two observational studies investigating structure and 
process aspects on the outcome of successful rehabilitation. First, we investigated the 
effects of organization structure (patient volume and service concentration) as a proxy 
for specialization on geriatric rehabilitation outcomes. We performed a post-hoc analy-
sis in a national multicenter retrospective cohort study in skilled nursing facilities that 
provide geriatric rehabilitation in the Netherlands. This study showed that high service 
concentration, but not volume, may favor a shorter length of stay and discharge home 
for patients with total joint replacement. In addition, trauma patients in a concentrated 
ward had a greater chance to be discharged to home compared with trauma patients in 
a non-concentrated ward (Chapter 2). Second, in patients undergoing unilateral total 
hip replacement, we investigated whether preoperative strength of the muscle groups 
of the lower extremity is associated with postoperative functional recovery. The conclu-
sions drawn from this prospective observational cohort are that preoperative greater 
musculus quadriceps femoris strength of the operated side is associated with better 
physical functioning, measured with the self-reported Western Ontario and McMaster 
Universities Osteoarthritis (WOMAC) physical functioning scale, 12 weeks postopera-
tively (Chapter 3). 

In summary, the first part of this thesis shows that some aspects of structure and 
process are associated with successful geriatric rehabilitation. Development and im-
provement of the organizational structure and processes of care are needed to improve 
positive outcomes in geriatric rehabilitation. However, there is a lack of studies focusing 
on quality improvement in geriatric rehabilitation. Also, it remains unclear whether de-
velopment of organizational structure and processes has an effect on the perspectives 
of professionals, patients and informal caregivers on the quality of care and on patient 
outcomes. 

PART 2. INITIATIvES TO IMPROvE GERIATRIC REhABIlITATION OuTCOMES

The second part of this thesis focuses on initiatives of skilled nursing facilities aiming 
to improve successful geriatric rehabilitation outcomes. The Synergy and Innovation 
in Geriatric Rehabilitation (SINGER) study was designed together with a government 
initiated program (‘Proeftuinen geriatrische revalidatie’) to improve the quality of care 
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through development of geriatric rehabilitation services. The SINGER study is a prospec-
tive longitudinal study with the participation of 16 skilled nursing facilities. The first 
SINGER study (Chapter 4) is a prospective cohort study describing changes in the geri-
atric rehabilitation service delivery process as experienced by professionals (elderly-care 
physicians, physiotherapists and nursing staff ), patients, and their informal caregivers. 
The main goals of the development of integrated care fall into four domains of geriatric 
rehabilitation service delivery i.e. alignment with patients’ care needs, care coordination, 
team cooperation and quality of care. During the national program small improvements 
were made in team cooperation (including assessment for intensive treatment and in-
formation transfer among professionals), but fewer improvements were found in align-
ment with patients’ needs, care coordination, and care quality. No effects were found for 
patients’ and informal caregivers’ perceptions of geriatric rehabilitation service delivery. 
The perceptions of the geriatric rehabilitation service delivery were high at the start of 
the national program, which left little room for improvement due to this ceiling effect. 
The second SINGER study (Chapter 5) describes patient outcomes of successful rehabili-
tation after comparing two consecutive cohorts; i.e. at the start of implementation and 
at 1-year post-implementation of this national program. The program resulted in 12% 
more independency in activities of daily living (ADL) at discharge in the total geriatric 
rehabilitation population. Successful geriatric rehabilitation (independency in ADL, 
discharge home, and short length of stay) was not higher 1-year post-implementation 
of the national program. However, in patients with traumatic injuries, at 1-year post-
implementation there was more successful rehabilitation compared with the start of 
implementation [OR 1.61; 95% CI 1.01-2.54]. In the subgroup of patients with stroke, in-
dependency in ADL increased at 1-year post-implementation of the program compared 
with the start of the program [OR 1.99; 95% CI 1.09-3.63].

In other words, the SINGER study showed small positive effects on geriatric rehabilita-
tion service delivery process in the perception of professionals. Patients’ and informal 
caregivers’ perceptions of the process of care were similar after 1-year of implementation 
(Chapter 4). One year after implementation of the Dutch national program there was 
more independency in ADL at discharge, whereas the combined outcome of successful 
geriatric rehabilitation (independency in ADL, discharge home, short length of stay) 
showed significant improvement only in patients with traumatic injuries (Chapter 5).

The BACK-HOME study (Chapter 6), describes a local initiative (within the University 
Network of the Care sector South-Holland, UNC-ZH) for structured discharge planning 
with weekly scoring of a nursing support scorecard, and discussion of the results in 
the multidisciplinary geriatric rehabilitation team. The BACK-HOME study shows that 
structured scoring of supporting nursing tasks in geriatric rehabilitation may lead to 
earlier discharge from a skilled nursing facility to home, if no home adjustments of the 
home environment are required. The use of a nursing support scorecard may help as a 
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tool to target which patients have the potential to be discharged home, and to discuss 
the results in a multidisciplinary team meeting to establish if discharge home planning 
is really feasible.

This general discussion places successful geriatric rehabilitation in a broader perspec-
tive and addresses the methodological challenges involved when studying outcomes in 
geriatric rehabilitation. The discussion ends by considering which aspects of structure 
and processes need attention to improve successful outcomes, the implications for clini-
cal practice, and some recommendations are made for future research.

PERSPECTIvES ON SuCCESSful GERIATRIC REhABIlITATION

This thesis describes the evolvement in the outcome of successful geriatric rehabilita-
tion aimed at a combined outcome measure consisting of the following factors i) being 
independent in ADL at discharge, ii) being discharged to home, and iii) having a short 
length of stay (≤25% of length of stay in the skilled nursing facility for each diagnostic 
group). This combined outcome measure was based on the overall aim of geriatric 
rehabilitation to restore physical functioning, or enhance residual functional capability 
and participation in older patients aiming at discharge to home. We added the com-
ponent ‘short length of stay’ as we believe that healthcare resources should be used as 
efficiently as possible. In addition, a short length of stay with discharge to home (pos-
sibly with outpatient or home rehabilitation) has potential positive effects on regaining 
independency in ADL after discharge.1-5 Many studies have focused on single outcomes 
of successful rehabilitation, such as length of stay, or discharge destination.6, 7 In our 
opinion, the combination of components targets success better than the use of separate 
components. An even more desirable outcome would also include the ‘patient’s per-
spective’ on the outcome of successful rehabilitation on the functional and participation 
level.

This combined outcome measure is an overall measure for the total population receiv-
ing geriatric rehabilitation. This also enables to compare performances within geriatric 
rehabilitation diagnostic groups and between facilities, when adjusted for case-mix 
characteristics. The combined measure consists of three perspectives, i.e. the patient’s, 
the professional’s, and the management perspective. However, because the term ‘suc-
cessful geriatric rehabilitation’ is potentially ambiguous, these three perspectives are 
described in detail below to provide a broader view.

Patient perspective

In a prospective multicenter cohort study among geriatric rehabilitation patients receiv-
ing post-acute care in a hospital ward, the patients reported regaining ADL, return to 
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home, reduction of pain, regaining autonomy and improving general health condition 
as the most important goals.8 The conclusions of a report from the Dutch Federation 
of Patients and Consumers Organizations (NPCF) on patients’ perspectives in geriatric 
rehabilitation were that patients found it most important to be discharged to home and 
to be actively involved in the rehabilitation process.9 The patient perspective on geriatric 
rehabilitation is not focused on one part of the care pathway, but based on the total care 
pathway from (pre-) acute care in hospital to post-acute care in the skilled nursing facility, 
followed by outpatient or home rehabilitation with home health care if needed.9 In this 
thesis we did not study the patient perspective on the outcome of successful geriatric 
rehabilitation; however, this is an interesting topic for future research. In Chapter 4 we 
described the patient’s and informal caregiver’s perspectives on geriatric rehabilitation 
service delivery processes during the implementation of a national program to improve 
the quality of geriatric rehabilitation. The results show overall positive patient and in-
formal caregiver perceptions of health service delivery. Patients and informal caregivers 
rated the care pathway with a 7.3 (SD 1.3) (on a 0-10 scale). In Chapter 4, 61% of the 
patients and 48% of the informal caregivers rated the professionals dealing with their 
individual needs during geriatric rehabilitation as good or excellent. This implies that 
there is room for improvement. 

When does the patient consider the outcome of geriatric rehabilitation to be success-
ful? This should be an important question when setting rehabilitation goals. Active in-
volvement of the patient and informal caregiver in goal setting, reporting on outcomes 
and decision-making, can improve positive experience with quality of care, regaining 
autonomy, and may increase intervention adherence.10-14 There are initiatives for the 
development and implementation of goal attainment scaling in geriatric rehabilitation, 
e.g. the Canadian Occupational Performance Measure  (COPM)15 and the Goal Attain-
ment Scale (GAS).16, 17 

Both scales are individualized measures to identify and prioritize rehabilitation goals 
and rate the performance of the goals set by the patient in cooperation with a profes-
sional.

Development of patient-reported outcome measures (PROMs) is important when 
aiming to improve patient-centered care. PROMs can give insight into the patient’s own 
opinion about the impact of their functioning on their daily life.18, 19 In Chapter 3, the 
primary outcome ‘functional recovery’ was measured with the WOMAC physical func-
tion scale.20 The WOMAC is a disease-specific PROM for patients with osteoarthritis of the 
hip and knee. No such PROM is available for measuring functioning in the total popula-
tion of geriatric rehabilitation. Besides functional assessment, regaining participation 
in daily living is an important goal of geriatric rehabilitation; also, on a participation 
level, PROMs are needed to evaluate geriatric rehabilitation. More studies are required 
to develop and validate PROMs for geriatric rehabilitation.
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Professional perspective

One of the main characteristics of geriatric rehabilitation is a multidisciplinary patient-
centered approach. Structured and coordinated multidisciplinary team work with bal-
anced and tailored interventions has a positive effect on functional improvement.21 Goal 
setting can be challenging because the desired outcome of geriatric rehabilitation is 
dependent upon different context variables, such as patient-related factors (e.g. func-
tioning, capacity, activities of daily living, participation in social life) and environmental 
factors (e.g. housing situation).22 The patient’s goals should be aligned with what profes-
sionals think is feasible within the rehabilitation period, and frequently evaluated when 
considering these context variables.23 For this purpose, professionals need specific exper-
tise and experience in geriatric rehabilitation.21 Early assessment of rehabilitation goals, 
and discharge possibilities and barriers, may enhance discharge planning (Chapter 6). 
The BACK-HOME study showed that nursing staff can play an important role in targeting 
patients for possible discharge. The nursing support scorecard has the potential to assist 
staff to identify patients that are eligible for early discharge. After a patient is identified 
for discharge, the outcome on the scorecard is discussed in the multidisciplinary team to 
evaluate whether discharge home is in fact feasible (Chapter 6).

Management perspective

An increasing number of older patients with comorbidities have a need for rehabilita-
tion resources. Reducing the length of stay is considered an indicator for efficient use 
of healthcare resources.24  By reducing the length of stay, healthcare services can treat 
more patients and have shorter waiting lists. However, reducing the length of stay 
should not be achieved at the expense of quality of care and patient outcomes.24 The 
costs and benefits of the geriatric rehabilitation pathway should be carefully weighed, 
taking into account patient, professional and management perspectives.25 

No set of outcome measurements is currently available for geriatric rehabilitation 
across all settings to facilitate quality improvement and provide insight into the ef-
ficiency of the healthcare resources.26 When aiming to further develop the quality of 
post-acute geriatric rehabilitation, improvements on different aspects of structure and 
process level are needed.26 

METhODOlOGICAl ChAllENGES whEN STuDYING OuTCOMES IN GERIATRIC 
REhABIlITATION 

Various challenges exist when investigating successful outcomes in geriatric rehabilita-
tion. Because geriatric rehabilitation is a relatively young field of research, few evidence-
based intervention strategies are available. Also, little is known about the dose-response 
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relations of therapy in geriatric rehabilitation, or which types of patients need which 
type of intervention frequency, intensity and setting, and which patients benefit most 
from geriatric rehabilitation.27, 28

Geriatric rehabilitation is multidisciplinary integrated care involving different health-
care providers for patients with complex care problems. It is a worldwide challenge how 
to initiate, develop and evaluate integrated care for patients with complex care needs.

In this thesis, observational study designs were used to address the research questions. 
This type of study design has the advantage of providing information on the outcomes 
of geriatric rehabilitation in a ‘real-world’ setting and allows the inclusion of patients 
with co-morbidities and complications; this is not possible in clinical trials because of 
the strict eligibility criteria.29 This thesis provides insight into the outcomes of successful 
geriatric rehabilitation on a national level (Chapter 2), regional level (Chapters 4 and 5), 
and local level (Chapters 3 and 6). A disadvantage is that the outcome of observational 
studies can be affected by selection bias and confounding variables, which can reduce 
the internal/external validity of the outcomes. Another methodological challenge is 
that, in geriatric rehabilitation practice, no validated set of outcome measurements is 
available, which makes it difficult to compare research outcomes. A good infrastructure 
for research and development in skilled nursing facilities (such as an academic nursing 
home network) is needed to enable coordinated research in geriatric rehabilitation and 
to implement research outcomes into daily practice.30 

ThE ROAD TO SuCCESSful GERIATRIC REhABIlITATION

Improving the quality of geriatric rehabilitation consists of multiple factors on the struc-
ture and process level. However, because geriatric rehabilitation is a relatively young 
field of research we are still in the early stages of exploring which aspects of structure 
and process may help to improve geriatric rehabilitation.26 Nevertheless, the following 
brief summary of clinical implications and recommendations can be drawn from the 
work in this thesis: 

Structure:
1. Organizational structure: service concentration and patient volume
2. Research and innovation in skilled nursing facilities

Process:
3. Coordinated multidisciplinary care 
4. Early discharge planning 
5. Early assessment of barriers for discharge
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6. Systematic evaluation with standardized measures

1. Organizational structure: service concentration and patient volume

In this thesis, we studied the effects of the organizational structure characteristics 
‘service concentration’ and ‘patient volume’ on successful outcomes in geriatric reha-
bilitation (Chapter 2). Service concentration was defined as ≥ 80% of the population in 
a geriatric rehabilitation ward of a skilled nursing facility consisting of 1 or 2 diagnostic 
groups. Additionally, the facility should have a minimum of 10 rehabilitation beds. In 
a Dutch guideline for geriatric rehabilitation, a minimum of 10 beds is recommended 
in order to compose a multidisciplinary specialized team.31 Patient volume was based 
on the total population receiving geriatric rehabilitation and categorized into tertile 
groups, categorized into low, medium and high volume.32

Internationally, discussion on the concentration of services and patient volume is an 
important topic among researchers and policymakers. High volume and concentration 
of services is thought to be a facilitator for good quality by health insurance companies 
and policymakers. In high-risk surgical procedures, there is evidence that high patient 
volume is related to lower complication and mortality rates.33, 34 One study developed an 
extended methodology to examine the volume-effectiveness relationship in hip fracture 
patients. That study found a positive association with higher volume in rehabilitation 
units on the 4-month mortality rate, but not with hospital volume. These earlier studies 
focused on the effect of volume on mortality and readmission rates, whereas the effect 
of volume on patient functional recovery and cost-effectiveness remains unknown.35

In Chapter 2 we reported that a high concentration of services in patients with 
joint arthroplasty has a positive effect on shorter length of stay in combination with 
discharge to home. Patient volume was not associated with the outcome of faster dis-
charge to home. In order to improve the organization of geriatric rehabilitation, reasons 
for the benefit of concentration with discharge to home with a short length of stay for 
patients recovering from joint replacement also need further research. In our study, we 
used a narrow definition of successful rehabilitation because we lacked data on patients’ 
functional and participation outcome. There is considerable evidence that stroke units 
(concentration of services) are efficient; however, evidence is lacking for geriatric reha-
bilitation post-acute services.6

In conclusion, more research is required to explore whether concentration of services 
and patient volume are a good proxy for specialization, and to establish which compo-
nents of organizational structure are beneficial to successful geriatric rehabilitation in 
terms of cost-effectiveness and successful patient outcomes. 
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2. Research and innovation in skilled nursing facilities

Because geriatric rehabilitation is a relatively young field of research, more evidence-
based practice, expertise and knowledge exchange is required. Introducing a research 
and innovation culture within skilled nursing facilities could facilitate this development. 
When developing geriatric rehabilitation, it is a challenge to examine possibilities of 
new innovative methods, such as e-health solutions, in order to optimize the outcome 
of successful geriatric rehabilitation.36, 37 An innovative culture provides patients with 
access to innovative treatments, and professionals with the opportunity to improve 
clinical practice and develop expertise. An innovative culture also attracts outstanding 
clinicians which, in turn, facilitates the research culture.30 38, 39 Professionals working in 
geriatric rehabilitation should have the opportunity to develop research expertise in the 
field and have the time, capacity and education to develop these skills and share best 
practices. Until know, funds for research in geriatric rehabilitation are limited, whereas 
specific funding might enhance research possibilities in the skilled nursing facilities. A 
research agenda is required to define and align research topics and questions between 
academia and practice. 

The Netherlands has five university nursing home networks. These networks combine 
the expertise of elderly-care medicine departments with practical and organizational 
expertise of skilled nursing facilities. Care professionals collaborate with university 
researchers to improve the quality of care by developing, implementing and testing 
new initiatives.30 Evidence-based practice combines the best available evidence with 
clinical expertise and patient’s preferences and values. The BACK-HOME study (Chapter 
6) is a good example of professionally-initiated research, supported by a university nurs-
ing home network which resulted in the implementation and evaluation of structured 
scoring of supporting nursing tasks to identify early discharge potential. Combining a 
research and innovation culture within skilled nursing facilities with the expertise of 
universities is needed to develop research in geriatric rehabilitation and to implement 
the results into practice.30, 40

3. Coordinated multidisciplinary care 

The structure and processes of care for patients with complex care needs are often 
fragmented, causing inefficiency and poor quality outcomes.41, 42 One of the main goals 
of geriatric rehabilitation is to provide coordinated multidisciplinary care to improve 
patient outcomes.43 However, because of the different healthcare providers and profes-
sionals involved, optimal coordination, communication and continuity of care between 
settings is also required.44 

The SINGER study (Chapters 4 and 5) monitored the process and effect outcomes of 
a national program aimed at stimulating integrated care (‘Proeftuinen geriatrische re-
validatie’). This thesis provides insight into the main goals of development in optimizing 
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integrated care formulated by the participating organizations (Chapter 4). The national 
program resulted in small improvements in team cooperation. The goals of develop-
ment in team cooperation consisted of improving the inter-professional communication 
and alignment of professional performance. Team cooperation is a crucial aspect of 
integrated care because of the complementary role of the professionals and the inter-
dependency between professionals.21, 26, 45 Fewer process improvements were reported 
in the other three domains (alignment with patients’ needs, care coordination, and care 
quality). This suggests that either very little change took place, or that we were unable 
to detect the improvement on a process level. However, other measurement tools might 
have been needed to capture the specific improvements being made, instead of the 
more general assessments of these different domains. 

Despite the small improvements on the process level, the effect evaluation in the total 
population resulted in more ADL independency after 1-year of implementation of the 
national program, compared with the start of the program. However, the combined 
outcome (independency in ADL, discharge home and short length of stay) was higher 
only in patients with traumatic injuries. The efforts of the participating skilled nursing 
facility to improve the quality of geriatric rehabilitation seem to have yielded a positive 
movement towards improving the quality of geriatric rehabilitation. Participation in 
the program seems to have energized the skilled nursing facilities to organize projects 
aimed to improve or develop integrated care. Evidence on the effectiveness and cost-
effectiveness of interventions in geriatric rehabilitation is scarce. Developments of 
more specific interventions are needed to further develop the four main domains (team 
cooperation, alignment with patient needs, care coordination, and care quality) and to 
explore which active ingredients lead to successful outcomes. 

4. Early discharge planning

Timely home discharge is thought to improve functioning in ADL after discharge, in 
both stroke and trauma patients.3 Patients may be more encouraged to resume ADL 
in their own home. The BACK-HOME study (Chapter 6) shows that structured scoring 
of supporting nursing tasks during the evenings and nights has the potential to lead 
to earlier discharge from a skilled nursing facility in patients for whom no new adjust-
ments of the home environment are required. This implies that nursing staff can play a 
prominent role in detecting patients for possible discharge with structured scoring of 
the supporting nursing tasks during evening and night and discussing this in the multi-
disciplinary team meetings. However, more research is needed to explore the potential 
benefits of early discharge in geriatric rehabilitation on long-term outcomes on patient 
functioning, participation and the amount of healthcare resources used.

Besides patient-related factors (e.g. mental or physical capacity), environmental fac-
tors (e.g. delay of home adjustments) play an important role in discharge delay. These 
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factors should be discussed with the patient and informal caregiver early in rehabilita-
tion, and evaluated in the multidisciplinary team to set rehabilitation goals and consider 
discharge possibilities. Development of instruments for early identification of possible 
barriers for discharge, such as environmental factors (e.g. home adjustments), could 
avoid discharge delay. Also, regulations to purchase home adjustments could delay 
timely discharge. More research is needed on the (predictive) validity of the nursing sup-
port scorecard and to explore patient-related and environmental barriers for discharge 
to improve tailored and efficient discharge planning (Chapters 3 and 6). In addition, 
further development and exploration of the feasibility and effectiveness of outpatient 
or home rehabilitation programs following post-acute care are needed.

5. Early assessment of barriers for discharge

Insight in (pre-operative) predictors for functional outcome in geriatric rehabilitation 
provides information on rehabilitation potential and can help improve discharge 
planning.46 In this thesis, greater preoperative quadriceps strength was a predictor for 
better short-term functional outcome measured with the self-reported WOMAC physi-
cal functioning scale20 in patients undergoing a total hip replacement (Chapter 3). In 
that study, no association was found with performance-based measures (e.g. Timed 
Up and-Go47, 6-Minute Walking Test48). Additional research is needed to confirm this 
finding in larger samples and to examine the optimal timing for surgery and effects of 
preoperative strength training on successful rehabilitation outcomes in patients with 
joint replacement. A recent systematic review showed that preoperative pain and physi-
cal functioning, higher body mass index, presence and amount of comorbidity, worse 
general health and lower radiographic osteoarthritis severity were also associated with 
poor outcomes.46 However, the strength of these associations could not be assessed due 
to heterogeneity between the studies.46 Because joint replacements are ‘planned care’, 
in contrast to acute events such as stroke or trauma patients, this group of patients are 
particularly suitable for preoperative screening and assessment of overall functioning. 
Although better preoperative functioning may be associated with improved outcomes, 
until now there is no clinical consensus or strong empirical evidence about the necessity, 
optimal timing and effect of preoperative strength training in patients with a unilateral 
total hip replacement.46

6. Systematic evaluation with standardized measures

To further develop geriatric rehabilitation, it is important to analyze the outcomes of 
geriatric rehabilitation when changing or developing the structure and processes of 
care (Chapter 4). Internationally, there has been a shift from focusing on patient safety 
as an outcome, towards patient-related outcomes.26 However, no common outcome 
measurement has been established between skilled nursing facilitates providing 
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post-acute geriatric rehabilitation and rehabilitation service organizations (hospital, 
skilled nursing facility, home care agencies).27 Systematic evaluation with standardized 
measures at fixed moments is needed to evaluate individual rehabilitation goals and 
the quality of care within and between geriatric service organizations. Such a standard-
ized outcome measurement set could facilitate research and knowledge exchange in 
geriatric rehabilitation.27 Recently, the University Network for the Care sector South-
Holland (UNC-ZH) developed the first measurement set for the evaluation of outcomes 
in geriatric rehabilitation on both patient and facility level. Future research should focus 
on development and validation of a measurement set for the geriatric rehabilitation 
population. The domains of the WHO model of International Classification of function-
ing, disability and Health (ICF) can be used to select and develop these measurement 
scales.22, 28 In addition to the ICF framework, Jesus et al. developed a conceptual frame-
work for the development of quality of care in post- acute geriatric rehabilitation. In 
this framework, also macro-outcomes measured after discharge are included, such as 
patients’ and caregivers’ health-related quality of life, consumers’ experience, place of 
discharge, healthcare utilization, and functional performance. These various outcomes 
can provide us with a broader view on geriatric rehabilitation in general.
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