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1. INTRODUCTION

The primary aim of this thesis was to develop a method based on body-fixed motion 
sensors for the estimation of the power that is produced to lift the body’s center of mass 
(CoM) during the sit-to-stand (STS) movement in older adults, and to evaluate the method’s 
clinical validity. A secondary aim was to compare the clinical relevance of sensor-based 
estimation of power during STS and the clinical relevance of sensor-based estimation of 
other quantities (e.g. maximal acceleration, maximal velocity) during STS in older adults. 
A tertiary aim was to compare the clinical relevance of sensor-based STS measures (e.g. 
peak power, maximal acceleration, maximal velocity) and the clinical relevance of field 
tests commonly used for the evaluation of leg strength, leg power and mobility (e.g. Five-
Times-Sit-to-Stand Test, Timed-Up-and-Go Test) in older adults. To achieve these aims, 
STS performance measures were developed based on data of body-fixed motion sensors 
collected in standardized conditions. Subsequently, the sensor-based STS performance 
measures were evaluated on repeatability, sensitivity to change, discriminative ability, 
construct validity, accuracy and concurrent validity. The evaluation of sensor-based 
STS measures and standard clinical measures on methodological criteria was based on 
different studies as were presented in the preceding chapters (chapter 2 to 5).   
 In the present chapter the findings of the preceding chapters are summarized and 
discussed. In addition, this chapter describes practical implications, critical reflections, 
recommendations for further research, and a future perspective on clinical assessments and 
exercise-based interventions. Furthermore, this chapter shows that developments in human 
movement sciences are part of a general trend in medical sciences toward the development 
of individualized treatment strategies based on continuous health monitoring. Both the 
relevance of health monitoring technology and personalized treatment strategies as well as 
the potential dangers of the application of health monitoring technology on a large scale are 
described. The present chapter ends with the conclusions of this thesis.

 
2. SUMMARY AND DISCUSSION OF RESULTS

2.1 Clinical evaluation of sensor-based power estimations 

This thesis evaluated hip sensor-based power measures and chest sensor-based power 
measures on methodological criteria important for clinical validity. The hip sensor-based 
power measures showed excellent repeatability (chapter 2), moderate sensitivity to the effects 
of training leg strength, leg power and balance (chapter 3; sensitivity to change of hip scaled 
peak power (unpublished data): standardized response mean=0.71, n=26), insufficient to 
moderate ability to discriminate between higher and lower functioning individuals, low 
to moderate construct validity (chapter 4), inadequate accuracy but high concurrent 

validity for the estimation of the actual CoM peak power during STS (chapter 5).   
 Overall, the chest sensor-based power estimates showed better results than the hip 
sensor-based power estimates. The chest sensor-based power measures showed excellent 
repeatability, moderate sensitivity to the effects of training leg strength, leg power and 
balance, moderate ability to discriminate between higher and lower functioning individuals, 
low to high construct validity (chapter 4), inadequate accuracy but high concurrent 
validity for the estimation of actual CoM peak power during STS (chapter 5).   
 The somewhat higher discriminative ability and construct validity of the chest 
sensor-based power measures compared to the hip sensor-based power measures may be 
explained based on trunk kinematics during STS (see explanation in chapter 4). Together 
these findings indicate that in particular chest sensor-based measures are clinically 
relevant for the estimation of CoM peak power during STS in older adults.  
 The repeatability of the sensor-based method for the estimation of CoM peak power 
during STS seems better than the repeatability of another recently developed sensor-
based method for the estimation of CoM peak power during STS. Zhang et al. (2014) 
investigated the test-retest reliability of STS peak power measured with a pendant worn 
motion sensor [1]. Results showed good to excellent test-retest reliability (ICC=0.63-
0.85, SEM=11.0-13.8%, n=24-36 [1]). However, the repeatability results were somewhat 
lower than the repeatability of the hip sensor-based power measures and chest sensor-
based power measures reported in this thesis (ICC=0.84-0.96, SEM=6.9-10.0%; see 
chapter 2 and chapter 4). This difference in repeatability may be explained by the use of a 
different sensor, the different attachment of the sensor to the body (i.e. free dangling) and 
the different data processing algorithm in the study by Zhang et al. (2014). Zhang et al. 
(2014) used only accelerometer data, not gyroscope or magnetometer data [1].  
 The clinical relevance of the sensor-based method seems comparable to the clinical 
relevance of force plate methods, which can be considered as the gold standard for the 
measurement of vertical CoM power during STS. For example, the repeatability (ICC=0.96) 
of hip peak power in older adults (chapter 2) is comparable to the repeatability (ICC=0.95) of 
power measurements during STS with a force plate method in healthy adults [2]. Furthermore, 
we found that chest peak power discriminates between higher and lower functioning 
individuals (chapter 4). Comparable results were found in a study by Cheng et al. (2014), 
which showed that maximal vertical power output during STS measured with force plates 
differentiates between young adults and older adults as well as between older adults with 
and without a fall history [3]. In addition, we found that sensor-based measures of STS peak 
power showed adequate sensitivity to change (chapter 3 and chapter 4). However, results 
of Chen et al. (2012) indicated a higher sensitivity to change of maximal power during STS 
measured with force plates in older adults. In the study by Chen et al. (2012) the improvement 
in maximal power was 64% after six weeks of training [4] in contrast to 19% after eight 
weeks of training in our study. However, the Timed Up and Go test results at baseline in 
the study by Chen et al. (2012) were less good than in our study (17.15±4.49 s [4] versus 
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hip stabilization phase SD and several chest STS measures (e.g. chest stabilization phase SD). 
Therefore, future research should investigate these aspects before definitive conclusions can 
be made about the clinical relevance of sensor-based peak power measures versus the clinical 
relevance of the other (non power) sensor-based STS measures. In addition, future research 
should use larger study samples for studying repeatability and clinical validity of chest STS 
measures than the samples used in the present (pilot) studies (see chapter 4).  
 Data from the hip sensor as well as from the chest sensor indicate the clinical relevance of 
the measurement of maximal velocity during STS. Findings of other studies support the clinical 
relevance of the measurement of movement velocity in older adults. For example, Chen et al. 
(2012) revealed that maximal velocity during STS measured with force plates is sensitive to 
the effects of training lower limb muscle power in older adults by showing an improvement of 
51% after 6 weeks of training [4]. Furthermore, Mayson et al. (2008) showed that maximal 
velocity of leg movement measured with a leg press machine was even stronger associated 
with specific tests of functional status in older adults than leg strength [5].  
 The findings of this thesis indicate that sensor-based assessment of STS duration, maximal 
acceleration and maximal jerk have relatively low clinical relevance in older adults compared 
to the clinical relevance of sensor-based peak power, scaled peak power and maximal velocity. 
Explanations for the relatively low clinical relevance of STS duration, maximal acceleration and 
maximal jerk have been provided in the previous chapters (see chapter 2, 3 and 4).  
 The clinical relevance of sensor-based estimation of power during STS as reported 
in this thesis seems comparable or higher than the clinical relevance of other (non power) 
sensor-based STS measures reported in other studies. Zhang et al. (2014) found good to 
excellent repeatability results for sensor-based estimations of STS duration (ICC=0.77-
0.86, SEM=7.5-10.8%) and maximal acceleration (ICC=0.82-0.86, SEM=11.5-13.0%) in 
older adults [1]. These repeatability outcomes are comparable or somewhat lower than the 
repeatability results of hip peak power measures reported in this thesis (ICC=0.84-0.96, 
SEM=6.9-10.0%; see chapter 2). In addition, Ganea et al. (2011) found that the sensor-
based assessment of smoothness of the STS transition pattern is sensitive to the effects of 
a strength and balance training program of 3 weeks (effect size=0.29) in older persons 
[6]. The effect size found by Ganea et al. (2011) was lower than the effect size we found 
for hip peak power (effect size=0.44-0.69; see chapter 3), however, this difference may be 
explained by the shorter exercise intervention (3 weeks in Ganea et al. (2011) versus 8 
weeks in this thesis). Furthermore, Ganea et al. (2011) demonstrated that several sensor-
based STS measures (transition duration, local energy of trunk dynamics, smoothness of 
STS transition pattern) have good to excellent ability to discriminate between frail and 
healthy older adults (AUC=0.80-0.96) [6]. The discriminative ability of the STS measures 
developed by Ganea et al. (2011) is comparable to the ability of chest peak power and 
chest scaled peak power to discriminate between higher and lower functioning older 
adults (AUC=0.75-0.90; see chapter 4). However, as far as we know other (non power) 
sensor-based STS measures developed in other studies have not yet been fully evaluated on 

10.94±2.42 s (chapter 3)). This suggests that the higher sensitivity to change of the force plate 
method is primarily the result of a lower functional status of the older adults at baseline and 
not the consequence of a difference in assessment methods. The comparable repeatability, 
discriminative ability, and possibly also sensitivity to change of the sensor-based method and 
force plate methods support the clinical relevance of the sensor-based method for the estimation 
of power during STS in older adults. Furthermore, the sensor-based method is more practical 
than force plate methods, for example in terms of costs and transportability.  
 However, the sensor-based method cannot fully replace standard laboratory methods 
(i.e. force plate methods) for the analysis of CoM peak power during STS, because the 
sensor-based method has an inadequate accuracy (chapter 5). The hip sensor and the chest 
sensor overestimate the actual CoM peak power during STS (chapter 5). Hence, the actual 
CoM peak power during STS is lower than the sensor-based method indicates. However, 
the inadequate accuracy would only have consequences for a mechanical interpretation of 
sensor-based power outcomes, it does not influence the clinical relevance of the sensor-based 
power estimations.

2.2 The clinical relevance of sensor-based power estimations compared to the clinical 
relevance of other sensor-based STS measures 

The results included in this thesis show that among the hip STS measures only hip peak 
power, hip scaled peak power and hip maximal velocity have adequate repeatability and 
sensitivity to change in older adults (see chapter 2 and chapter 3; sensitivity to change 
of hip scaled peak power is reported in section 6.2.1). In general the construct validity 
of hip peak power, hip scaled peak power and hip maximal velocity was low (chapter 
4). The concurrent validity of hip peak power, hip scaled peak power and hip maximal 
velocity was high, however, accuracy for the estimation of actual CoM motion during 
STS was limited (chapter 5). Therefore, the data suggest that the clinical relevance of 
hip peak power and hip scaled peak power is comparable to the clinical relevance of hip 
maximal velocity, and higher than the clinical relevance of the other hip STS measures.  
 Comparable results were found for chest STS measures. Pilot studies show that chest 
peak power, chest scaled peak power and chest maximal velocity have adequate repeatability 
and sensitivity to change in older adults (chapter 4). In addition, the results demonstrate that 
chest peak power, chest scaled peak power and chest maximal velocity are indicative of objective 
and self-reported aspects of functional status (chapter 4). Furthermore, chest peak power, 
chest scaled peak power and chest maximal velocity showed high concurrent validity, however, 
accuracy for the estimation of actual CoM motion was limited (chapter 5). Hence, the chest data 
included in this thesis suggest that the clinical relevance of chest peak power and chest scaled 
peak power is comparable to the clinical relevance of chest maximal velocity.   
 However, the discriminative ability of hip maximal velocity and chest maximal velocity 
is still unclear as well as the repeatability, sensitivity to change and discriminative ability of 
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3. PRACTICAL IMPLICATIONS OF THIS THESIS

We developed clinically valid sensor-based measures for the estimation of CoM peak 
power during STS in older adults. Sensor-based power measures are relevant for the 
selection of higher and lower functioning individuals and the detection of change in STS 
peak power over time. In addition, with sensor-based power estimates other relevant 
information about functional status can be obtained. Furthermore, it is important to note 
that the sensor-based method has a high practical feasibility. For example, the sensor-based 
method is highly portable, easy to use and not expensive. For these reasons, the sensor-
based method for the estimation of peak power during STS is relevant for application 
in clinical settings (e.g. hospitals, health care centers, homes of older adults).  
 In addition, the sensor-based method is relevant for application in scientific studies. 
For example, the sensor-based method could be used for the evaluation of new types of 
interventions aimed at improving leg power in older adults (e.g. see Geraedts et al., 2014 
[7]), and for the selection of higher or lower functioning individuals for participation in an 
exercise-based program. The sensor method for the estimation of leg power is especially 
relevant for application in research that is using field measurements (e.g. measurements 
in residential care homes, homes of older adults) for data collection. Clinical validity and 
practical feasibility of current field tests for the measurement of leg muscle power in older 
adults are limited (see chapter 1). For this reason, the sensor-based method provides scientists 
and clinicians with the opportunity to estimate leg power outside laboratory settings. This 
can be considered a valuable contribution to medical science, because leg muscle power is 
a determinant of functional status and an important parameter for measuring intervention 
effects in older adults (see for example Foldvari et al. (2000) [8] and Bean et al. (2002) [9]).

 
4. CRITICAL REFLECTIONS

4.1 Critical reflections on sensor-based estimations of power during sit-to-stand 

The sensor-based method for the estimation of power during STS has limitations that should 
be taken into account. First, the sensor-based method cannot indicate how the vertical power is 
produced during STS. For example, from the sensor-based measurements it is unclear whether 
the chair armrests were used during standing up. In addition, sensor-based estimations cannot 
indicate whether power production during STS was distributed symmetrically over both legs. 
These are important limitations, because the use of chair armrests seems to reduce vertical peak 
power during STS [10], and leg power asymmetry seems to be greater in fallers than in non-
fallers [11]. However, in standardized conditions (e.g. in laboratory or hospital) an instructor 
may compensate for these limitations of the sensor-based method by recording how the STS 
movement was executed (e.g. by using a video camera or by making annotations).

methodological criteria important for clinical validity. Therefore, a full comparison between 
the clinical relevance of sensor-based power measures reported in this thesis and of other 
(non power) sensor-based STS measures reported elsewhere is not yet possible.  
 The sensor-based STS measures other than peak power and scaled peak power 
showed a moderate to very high concurrent validity for the estimation of actual CoM 
motion during STS, but in general a limited accuracy (chapter 5). Most sensor-based STS 
measures overestimated actual CoM motion (chapter 5). This indicates that the sensor-
based method cannot replace standard laboratory methods (i.e. force plate methods) for a 
mechanical analysis of CoM motion during STS. However, the inadequate accuracy has only 
consequences for a mechanical interpretation of sensor-based STS estimations, it does not 
influence the clinical relevance of the sensor-based STS measures.

2.3 The clinical relevance of sensor-based STS measures compared to the clinical relevance 
of standard clinical measures 

This thesis provides a comparison between hip sensor-based STS measures and several 
standard clinical measures of leg strength, leg power and mobility on repeatability 
(chapter 2) and sensitivity to change (chapter 3) in older adults. Results showed that 
repeatability of hip peak power was comparable to the repeatability of the Timed Up and 
Go Test (TUGT) and higher than the repeatability of the Five-Times-Sit-to-Stand Test 
(FTSST) (chapter 2). Sensitivity to change of hip STS duration, hip maximal acceleration, 
hip maximal velocity and hip peak power was comparable to the sensitivity to change 
of the fast TUGT and higher than the sensitivity to change of the normal TUGT, Berg 
Balance Scale (BBS) and quadriceps strength measurements (chapter 3). Together these 
findings suggest that the clinical relevance of specific hip STS measures is higher or 
comparable to the clinical relevance of several commonly used standard clinical measures. 
 However, hip STS measures and standard clinical measures were compared on only two 
methodological criteria (repeatability and sensitivity to change) and not on discriminative 
ability. In addition, only a few commonly used clinical measures of leg strength, leg power 
and mobility were evaluated on repeatability and sensitivity to change. Therefore, the 
present comparison between hip sensor-based STS measures and standard clinical measures 
should be regarded as a first exploration of the question and definite conclusions cannot yet 
be made. However, since standard clinical measures each have their very specific limitations 
(e.g. limited practical feasibility, see chapter 1), the results of this thesis suggest that sensor-
based STS measures may be a useful alternative to standard clinical measures.
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6. A FUTURE PERSPECTIVE ON CLINICAL ASSESSMENTS AND 
EXERCISE-BASED INTERVENTIONS

The development of individually tailored exercise-based interventions to stimulate physical 
activity and mobility is currently a topic of investigation in human movement sciences. Central 
in these developments is the integration of monitoring technology and information and 
communications technology (ICT) in home-based exercise interventions (e.g. [7,16]). Sensor-
based technology in combination with ICT devices provides the possibility to monitor older 
people in their home environment. This provides medical professionals with the opportunity 
to receive sensor data from a distance via the internet and to analyze physical activity 
and mobility profiles of older adults. In addition, communication via ICT devices allows 
medical professionals to send remote feedback to older adults in order to influence their 
physical activity behavior [17]. Hence, modern technologies allow the monitoring of older 
people in their home environment as well as the introduction of individually tailored home-
based exercise interventions aimed at stimulating physical activity and mobility.  
 The integration of monitoring technology and information and communications 
technology in home-based exercise interventions provides important advantages from 
a clinical and practical perspective. For example, continuous sensor-based monitoring 
in the home-environment allows the evaluation of intervention effects as well as a quick 
detection of a decline in physical activity and mobility compared to traditional standardized 
assessments, and as a result of that a timely intervention. Another advantage is that 
continuous sensor-based monitoring in the home-environment is much more efficient 
in terms of costs and time compared to standardized assessments under supervision of a 
clinician (e.g. in hospital or health care center). Furthermore, the technology in the form 
of motion sensors combined with ICT devices may enhance the adherence to home-
based exercise interventions, because it provides the opportunity for remote contact 
on a daily basis between clinician and older adult [7,17]. Moreover, the combination 
of motion sensing and ICT devices offers the possibility of individual tailoring of 
home-based exercise interventions to maximize effectiveness and adherence [7].  
 In a ZonMw (The Netherlands organization for Health Research and Development) 
project human movement scientists (from UMCG), engineers (from Philips Research Europe) 
and industry (Philips) are investigating the effectiveness of and adherence to home-based exercise 
interventions driven by sensor-based technology and ICT devices. The title of this ZonMw 
project is ‘The Mobility Monitor: supporting safe mobility in the home environment’. In this 
ZonMw project the present PhD study is performed as well as another PhD study. The other 
PhD study focuses on investigating the adherence to and effectiveness of an individually tailored 
home-based physical activity program for frail older adults driven by a necklace-worn physical 
activity sensor and remote feedback using a tablet PC [7]. In this study older adults participate in 
a 6-month home-based exercise intervention. Physical activity and mobility are being monitored 
using a necklace-worn motion sensor, and exercise instructions are shown on a tablet PC.

4.2 Critical reflections on the research presented in this thesis 

The studies presented in this thesis have several limitations. A limitation is that only sensor-
based power measures were evaluated on discriminative ability, not other sensor-based 
STS measures. Since other STS measures (e.g. chest maximal velocity, chest stabilization 
phase SD) showed moderate to high construct validity (chapter 4), it seems relevant to 
investigate the discriminative ability of other sensor-based STS measures as well.  
 Another limitation is the lack of chest sensor results due to data loss. The data loss 
was the result of problems in data transmission during the experiments. In the repeatability 
study and the sensitivity to change study we considered the chest sensor data sets too small 
for publication. For example, in the repeatability study we needed at least 27 subjects (see 
chapter 2), while less subjects with complete chest data sets were available. In the future 
problems with transmission of sensor data can be avoided by using motion sensors with 
local data storage possibilities (see for example Zhang et al. (2014a) [1] and Zhang et al. 
(2014b) [12]).

 
5. RECOMMENDATIONS FOR FURTHER RESEARCH

Based on the positive results concerning the clinical relevance of sensor-based STS peak 
power measures in standardized conditions, we recommend the integration of STS power 
measures in sensor-based methods for the monitoring of daily life mobility in the home-
environment. Studies doing this are already in progress [1,7,12], however, the detection 
of STS movements in data from daily life assessments is more difficult compared to the 
detection of STS movements in sensor data from standardized assessments. For example, 
Zhang et al. (2014b) developed an algorithm for automatic detection of STS movements in 
motion sensor data [12]. The algorithm was able to detect 85% of STS transfers performed 
by older adults in standardized conditions, however, only 61% of STS movements 
performed by older adults in daily life conditions were detected [12]. For this reason, 
future studies should fine-tune algorithms for automatic detection of STS movements in 
sensor data from daily life conditions. Subsequently, the clinical relevance of sensor-based 
estimations of STS peak power should be investigated in daily life conditions.  
 Sensor-based estimation of power production during STS may also be associated with 
cognitive functioning. Recent research indicated that sensor-based gait parameters are associated 
with cognitive functioning in older adults [13]. In addition, studies demonstrated that quadriceps 
strength and STS performance are associated with aspects of cognition (specific executive 
functions, global cognitive functioning) in older adults [14,15]. For these reasons, sensor-
based measures of STS peak power may be indicative of cognitive functioning. Therefore, it is 
recommended to explore the relationship between sensor-based estimations of STS peak power 
and aspects of cognitive functioning (e.g. executive functions) in older persons.
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development and delivery of personalized medicine [22]. Furthermore, in the Netherlands the 
development and delivery of personalized medicine is given high importance. For instance, 
ZonMw and Achmea (an insurance company based in the Netherlands) are making plans for 
a research program aimed at stimulating the implementation of personalized medicine in the 
Dutch society [23]. In addition, ZonMw started a personalized medicine research program 
that runs from 2015 to 2019 and concerns an investment of 7 million euro [24].  
 Despite the strong motivation and large financial investments from (governmental) 
organizations world wide, the development of personalized medicine faces major scientific 
challenges. In an expert opinion article published in Nature, the leader of the NIH in the 
USA identified the greatest challenges: “the success of personalized medicine will depend on 
continued accurate identification of genetic and environmental risk factors, and the ability 
to utilize this information in the real world to influence health behaviours and achieve 
better outcomes” [25]. Hence, personalized medicine will only succeed when accurate 
technologies are available for the continuous monitoring of health and health-related risk 
factors, and when feasible technologies are available for influencing behavior based on 
personal health information. Clinical research is necessary for the development of evidence-
based treatments using monitoring technology as well as information and communication 
technology. However, personalized medicine cannot be developed by the medical sciences 
alone. The application of modern technologies in treatment strategies requires technical 
expertise. For this reason, the development and application of personalized medicine 
requires an interdisciplinary collaboration between clinicians, engineers and industry. An 
example of such an interdisciplinary collaboration can be found in the aforementioned 
ZonMw project ‘The Mobility Monitor: supporting safe mobility in the home environment’. 
In this ZonMw project human movement scientists (from UMCG), engineers (from Philips 
Research Europe) and industry (Philips) are working together to develop an individually 
tailored home-based exercise program for frail older adults driven by continuous 
sensor-based monitoring and remote feedback using information and communication 
technology (for more information about this ZonMw project see [26]).  
 With the development and implementation of personalized medicine and health 
monitoring technologies, new opportunities become available for medical science to gather 
scientific knowledge. Noteworthy are the possibilities provided by big data. With the 
application of health monitoring technology on an increasing scale the amount of health 
data being collected will expand quickly. The analysis of large and complex clinical data 
sets obtained with health monitoring technology will generate new knowledge in patterns, 
relationships, medical histories and the effects of interventions [27]. Furthermore, clinical 
questions previously considered difficult to approach may be explored using big data 
[27]. Such a question may for example address the complex interaction between genetic, 
environmental and lifestyle factors in the development of different forms of cancer.

 Another study, which is related to the PhD studies in the aforementioned ZonMw 
project, is investigating the feasibility (e.g. adherence) and effectiveness of a home-based 
rehabilitation program driven by sensor-based activity monitoring and remote feedback 
using a tablet PC in the home-environment of patients after a total hip arthroplasty (THA). 
Usually THA patients quickly leave the hospital after the surgery and receive limited physical 
therapy. Often they only receive some instructions for physical exercises at home during 
the weeks after the surgery. However, it is unclear whether THA patients actually do the 
exercises, and whether the exercises are effective in facilitating recovery. An individually 
tailored home-based rehabilitation program driven by sensor-based activity monitoring 
and remote feedback using a tablet PC may be a useful tool to address these questions. 

7. DEVELOPMENTS IN HUMAN MOVEMENT SCIENCES ARE PART 
OF A GENERAL TREND IN THE MEDICAL SCIENCES: FROM ONE-
SIZE-FITS-ALL MEDICINE TOWARD PERSONALIZED MEDICINE

The development of individually tailored treatment strategies is not limited to human movement 
sciences. The development of individually tailored intervention types is a general trend in the 
medical sciences. Until recently medical treatments were often developed according to the 
one-size-fits-all model. In this model, all patients with the same diagnosis receive the same 
treatment. However, treatments within the one-size-fits-all model are not precise, that is, they 
are not tailored to the individual needs. Therefore, the focus in the medical sciences is now 
shifting from one-size-fits-all medicine toward individualized precision medicine, also known as 
personalized medicine. In personalized medicine, clinical decisions and medical treatments are 
being tailored to the individual patient [18]. People with the same diagnosis receive a different 
treatment based on their unique health conditions. The idea behind personalized medicine is that 
it offers a more precise treatment and hence more effect than one-size-fits-all medicine.  
 World wide there is a strong motivation to develop personalized medicine. For example, 
the US president Barack Obama recently called for an investment in precision medicine to move 
away from one-size-fits-all medicine [19]. Obama said in his 2015 State of the Union address that 
he wants the US “to lead a new era of medicine, one that delivers the right treatment at the right 
time” [20]. Leading institutes in the medical sciences also support the development of personalized 
medicine. The leaders of respectively the National Institutes of Health (NIH) and the Food and 
Drug Administration (FDA) in the USA wrote in a scientific article: “We have a shared vision of 
personalized medicine and the scientific and regulatory structure needed to support its growth. 
Together, we have been focusing on the best ways to develop new therapies and optimize prescribing 
by steering patients to the right drug at the right dose at the right time” [21].  
 Also in Europe personalized medicine is given high priority. In 2012 the European 
Alliance for Personalized Medicine was founded to bring together Europe’s leading 
healthcare experts, organizations and institutions to improve patient care and accelerate the 
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have already been taken. For example, the Dutch health insurance company Menzis is 
experimenting with personal health data in exchange for specific advantages [34], and the 
former director of the insurance company Aegon argued that insurance companies should use 
personal health information in exchange for discounts on insurance premiums [35].  
 Schnitzler warns us that we should not accept these developments blindly so to speak 
[33]. We need to think critically about how we apply health monitoring technology in 
society. For example, it is important that we keep self-determination concerning the use of 
our personal health data. The application of health monitoring technology is relevant from 
a clinical, scientific and financial perspective, however, caution is required when applying 
health monitoring technology on a large scale in society.

 
10. CONCLUSIONS

The primary aim of this thesis was to develop a sensor-based method for the estimation of 
CoM peak power during STS in older adults, and to evaluate the method’s clinical validity. 
Results of this thesis show that sensor-based estimations of CoM peak power during STS 
have adequate clinical validity in older adults. In addition, results indicate that in particular 
chest sensor-based estimations of CoM peak power during STS are clinically valid. The 
clinical relevance of sensor-based power estimations seems comparable to the clinical 
relevance of sensor-based estimations of maximal velocity during STS, and higher than the 
clinical relevance of other sensor-based STS measures. Furthermore, the findings of this 
thesis suggest that the clinical relevance of sensor-based power measures is comparable or 
higher than the clinical relevance of several standard clinical measures of leg strength, leg 
power and mobility. The practical sensor-based method for the estimation of peak power 
during STS is applicable in clinical settings and research settings. Sensor-based measures 
of STS peak power can be used for the evaluation of intervention effects, the detection 
of a decline in STS peak power over time as well as for the selection of higher and lower 
functioning individuals. Future studies should fine-tune algorithms for automatic detection 
of STS movements in sensor data collected during daily life conditions. Subsequently, studies 
should investigate the clinical validity of sensor-based estimations of STS peak power in daily 
life circumstances. In general the development and implementation of health monitoring 
technology and personalized treatment strategies is relevant from a clinical, scientific and 
financial perspective, however, caution is warranted when applying health monitoring 
technology on a large scale in society.

8. HEALTH CARE EXPENSES IN THE NETHERLANDS AND THE 
RELEVANCE OF PERSONALIZED PRECISION MEDICINE

In the last decades the total health care expenses in the Netherlands increased enormously. 
In 2000 the total health care expenses were approximately 47 billion euro (10.5% of 
gross domestic product (GDP)), while this number increased to approximately 94 billion 
euro (14.6% of GDP) in 2013 [28]. Several factors are responsible for this enormous 
increase, such as the ageing of society. Expenses for health care of older adults were about 
9 billion euro (19% of total health care expanses) in the year 2000, however, in 2013 this 
number was doubled to approximately 18 billion euro (19% of total health care expanses) 
[28]. Health care expenses will increase even further in the future. It is expected that 
the total health care expenses will be equal to 22% of the GDP in 2040 [29].  
 The Dutch citizens pay for all health care expenses themselves through health care 
premiums, deductibles, salary deductions, employer contributions and taxes [30]. Together the 
contribution of these resources has to increase to compensate for the future growth in health 
care expenses. However, also strategies for the saving of health care expenses are important. For 
this purpose the Dutch government has already taken several initiatives [31,32]. In addition, 
the application of personalized precision medicine, including the application of technologies 
for continuous health monitoring, has the potential to save health care expenses in society. For 
this reason, Dutch organizations (e.g. ZonMw) support the development of health monitoring 
technology and personalized treatment strategies, because the efficiency and effectiveness of 
health care increase when the right treatment is given to the right patient at the right time. 

9. THE APPLICATION OF HEALTH MONITORING TECHNOLOGY 
ON A LARGE SCALE IN SOCIETY: A FUTURE PERSPECTIVE WITH 
SERIOUS REASONS FOR CONCERNS

In an essay published in 2015 the Dutch philosopher Hans Schnitzler identified the 
potential dangers of the application of health monitoring technology in society [33]. He 
claims that when health monitoring technology is widely available, it will become very 
interesting for companies to demand personal health data in exchange for services or 
discounts, because this allows companies to increase their economic results by controlling 
and steering the behavior of customers and employees. For example, based on personal 
health data companies may demand changes in behavior and lifestyle from customers in 
exchange for bank credits, a life insurance or a health insurance. Or by analyzing personal 
health data employers may demand changes in the behavior and lifestyle from employees 
before offering a permanent contract. The problem is that when companies are going to 
dictate our behavior and lifestyle we have lost the freedom to live our own life.  
 This future perspective is not overdone, because the first steps in this direction 
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CoM peak power during STS in older adults, and to evaluate the method’s clinical validity. 
Results of this thesis show that sensor-based estimations of CoM peak power during STS 
have adequate clinical validity in older adults. In addition, results indicate that in particular 
chest sensor-based estimations of CoM peak power during STS are clinically valid. The 
clinical relevance of sensor-based power estimations seems comparable to the clinical 
relevance of sensor-based estimations of maximal velocity during STS, and higher than the 
clinical relevance of other sensor-based STS measures. Furthermore, the findings of this 
thesis suggest that the clinical relevance of sensor-based power measures is comparable or 
higher than the clinical relevance of several standard clinical measures of leg strength, leg 
power and mobility. The practical sensor-based method for the estimation of peak power 
during STS is applicable in clinical settings and research settings. Sensor-based measures 
of STS peak power can be used for the evaluation of intervention effects, the detection 
of a decline in STS peak power over time as well as for the selection of higher and lower 
functioning individuals. Future studies should fine-tune algorithms for automatic detection 
of STS movements in sensor data collected during daily life conditions. Subsequently, studies 
should investigate the clinical validity of sensor-based estimations of STS peak power in daily 
life circumstances. In general the development and implementation of health monitoring 
technology and personalized treatment strategies is relevant from a clinical, scientific and 
financial perspective, however, caution is warranted when applying health monitoring 
technology on a large scale in society.

8. HEALTH CARE EXPENSES IN THE NETHERLANDS AND THE 
RELEVANCE OF PERSONALIZED PRECISION MEDICINE

In the last decades the total health care expenses in the Netherlands increased enormously. 
In 2000 the total health care expenses were approximately 47 billion euro (10.5% of 
gross domestic product (GDP)), while this number increased to approximately 94 billion 
euro (14.6% of GDP) in 2013 [28]. Several factors are responsible for this enormous 
increase, such as the ageing of society. Expenses for health care of older adults were about 
9 billion euro (19% of total health care expanses) in the year 2000, however, in 2013 this 
number was doubled to approximately 18 billion euro (19% of total health care expanses) 
[28]. Health care expenses will increase even further in the future. It is expected that 
the total health care expenses will be equal to 22% of the GDP in 2040 [29].  
 The Dutch citizens pay for all health care expenses themselves through health care 
premiums, deductibles, salary deductions, employer contributions and taxes [30]. Together the 
contribution of these resources has to increase to compensate for the future growth in health 
care expenses. However, also strategies for the saving of health care expenses are important. For 
this purpose the Dutch government has already taken several initiatives [31,32]. In addition, 
the application of personalized precision medicine, including the application of technologies 
for continuous health monitoring, has the potential to save health care expenses in society. For 
this reason, Dutch organizations (e.g. ZonMw) support the development of health monitoring 
technology and personalized treatment strategies, because the efficiency and effectiveness of 
health care increase when the right treatment is given to the right patient at the right time. 

9. THE APPLICATION OF HEALTH MONITORING TECHNOLOGY 
ON A LARGE SCALE IN SOCIETY: A FUTURE PERSPECTIVE WITH 
SERIOUS REASONS FOR CONCERNS

In an essay published in 2015 the Dutch philosopher Hans Schnitzler identified the 
potential dangers of the application of health monitoring technology in society [33]. He 
claims that when health monitoring technology is widely available, it will become very 
interesting for companies to demand personal health data in exchange for services or 
discounts, because this allows companies to increase their economic results by controlling 
and steering the behavior of customers and employees. For example, based on personal 
health data companies may demand changes in behavior and lifestyle from customers in 
exchange for bank credits, a life insurance or a health insurance. Or by analyzing personal 
health data employers may demand changes in the behavior and lifestyle from employees 
before offering a permanent contract. The problem is that when companies are going to 
dictate our behavior and lifestyle we have lost the freedom to live our own life.  
 This future perspective is not overdone, because the first steps in this direction 
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