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you dont stop because you become older, 
you become older because you stop

(Life’s) First Gear: The Power to Move

“Back in my younger days, I could spring into acƟon like a well-tuned engine,” 

recalls a spirited eighty-year-old. “But now,” he sighs, my muscles feel like an 

engine that won’t turn on properly. That vital spark of power – the one that 

gets everything moving – seems to have faded away. It’s as if someone has 

removed my body’s Įrst gear.”

 “Imagine starƟng a car in third or fourth gear,” he explains, leaning forward 

intently. “The engine strains, shudders, and might even stall. That’s how my 

body feels now. My coordinaƟon stumbles, my balance wavers, and that 

split-second ability to react has vanished. Every movement demands more 

energy, creates more strain..”

His voice grows more determined, “The goal I have for myself is clear: I want 

to stay acƟve and maintain my independence, to keep my engine running 

smoothly. Being able to move well isn’t only about comfort – it’s about free-

dom. It’s about maintaining my quality of life and not having to rely on others 

for daily tasks.”

This fundamental challenge – regaining and maintaining strength, speed, 

and power – lies at the heart of this thesis. Just as a car cannot eĸciently 

move without its Įrst gear, older adults cannot thrive without the power 

that iniƟates movement. This muscular power is their ‘Įrst gear’ – the crucial 

starƟng point for all physical acƟviƟes.”
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General IntroducƟon

The Ageing PopulaƟon: Challenges and OpportuniƟes for Physical FuncƟoning

As the global populaƟon conƟnues to age, maintaining the physical performance and inde-
pendence of older adults has become a criƟcal public health concern. PopulaƟon ageing 
describes a simultaneous increase in the number of older adults and the growth of the old-
est-old demographic, which poses substanƟal societal, economic, and health-related chal-
lenges.1–3 Worldwide, it has been esƟmated that by 2050, one in six people will be over the 
age of 65.3 In the Netherlands, the number of individuals aged 65 years and older has been 
predicted to increase from 19.2% in 2020 to 26.5% in 2050, with the number of individuals 
aged 80 years and older doubling.4 As a consequence, a growing number of individuals will 
experience a decline in physical funcƟon, which is a criƟcal determinant of maintaining inde-
pendence, autonomy, and acƟve parƟcipaƟon.5–7 Muscle strength and power, fundamental 
components of physical funcƟoning, progressively deteriorate with advancing age, increasing 
the demand of healthcare systems and contribuƟng to rising health care costs. However, 
engaging in regular physical acƟvity can aƩenuate both the individual and societal impacts 
of ageing by preserving funcƟonal capacity, enhancing overall well-being, and promoƟng 
social parƟcipaƟon.8 To improve physical funcƟoning in older adults, targeted intervenƟons 
should incorporate physical acƟvity and emphasize physical funcƟoning as a key determinant 
of maintaining independence. 

The Ageing of Skeletal Muscles

Throughout the ageing process, the human body undergoes various, interconnected trans-
formaƟons that impact physical funcƟoning. As a general rule, metabolic eĸciency declines 
with advancing age. More speciĮcally, the ageing of human musculature is characterized by 
a complex cascade of physiological alteraƟons signiĮcantly impacƟng muscle structure, func-
Ɵon, and performance. This mulƟfaceted phenomenon encompasses quanƟtaƟve and quali-
taƟve changes at the cellular, molecular, and systemic levels, collecƟvely contribuƟng to a de-
cline in muscular capacity and funcƟonal independence in older adults. Previous research has 
shown that muscle mass decreases between 3-8% per decade aŌer age 30, doubling aŌer 
age 60.9,10 The decline in muscle strength occurs 2-3 Ɵmes faster, with approximately 8-10% 
loss per decade between ages 40-70, further acceleraƟng to 3-4% per year aŌer age 70.11,12 

The age-related progressive and widespread loss of skeletal muscle mass is called sarcopenia. 
Factors inŇuencing sarcopenia are complex and mulƟfactorial, involving hormonal changes, 
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reduced protein producƟon, increased inŇammaƟon, and most importantly, decreased phys-

ical acƟvity.9,13 At the cellular level, sarcopenia is characterized by a reducƟon in the size and 
number of muscle Įbers and by the loss of Type II muscle Įbers, which are crucial for rapid 
muscle force producƟon and strength.14–16 Sarcopenia is known to raise the risk of musculo-

skeletal disorders aīecƟng physical mobility and funcƟonal capacity.17,18 

The CriƟcal Role of Muscle Power in Ageing and Physical FuncƟoning
Age-related physiological changes also have a signiĮcant impact on muscle power, which is 
deĮned as the product of muscle force and contracƟon velocity.19–21 Muscle power reŇects to 
what extent muscles can produce a forceful, rapid movement, and combines both strength 
(the force muscles can exert) and speed (how fast muscles can contract). Throughout our 
lives, muscle power is a crucial component of skill-related physical Įtness and plays a signiĮ-

cant role in enhancing athleƟc performance.

The ability of the muscles to produce force rapidly deteriorates more rapidly and at an earlier 
age than muscle mass and muscle strength, namely 10-30% per decade aŌer age 40.22,23 By 
age 80, the average person may have lost up to 40% of their peak muscle strength and as 
much as 70% of their peak muscle power.15,24 Research shows that the loss of muscle power 
is more closely associated with funcƟonal decline in acƟviƟes in daily life than the loss of 
muscle strength alone.25 As we age, acƟviƟes that require quick movements with force, such 
as climbing a Ňight of stairs, rising from a chair, or catching oneself to prevent a fall, become 
more diĸcult to perform. Decreased muscle power is also strongly associated with fall risk, 
highlighƟng its importance for maintaining balance and prevenƟng falls.26,27

Changes in Muscle Fiber ComposiƟon and Power Decline
Ageing causes a shiŌ in muscle Įber type composiƟon, directly inŇuencing the ability to pro-

duce muscle power. Muscle Įbers can be broadly classiĮed into two main types: type I (slow-
twitch) and type II (fast-twitch) Įbers. Type I or slow-twitch muscle Įbers are characterized 
by a slower contracƟon speed, high endurance, aerobic energy producƟon, the presence of 
myoglobin, resistance to faƟgue, and a smaller cross-secƟonal area (Figure 1).28 These prop-

erƟes make type I Įbers well-suited for endurance-based acƟviƟes that require prolonged, 
steady exerƟon. In contrast, fast-twitch or type II muscle Įbers are known for their rapid con-

tracƟon speed, high force producƟon, quick faƟgue, anaerobic energy producƟon, and lower 
endurance.29 These fast-twitch Įbers are opƟmally adapted for short, intensive eīorts that 
require rapid and forceful contracƟons such as sprinƟng and explosive movements, where a 
quick and powerful contracƟon is necessary, as seen in Olympic weightliŌing.
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Figure 1: Force-velocity (blue lines) and power (red lines) curves for fast (dashed line) and slow  
(solid line) muscle Įbers. Faster muscle Įbers generate higher forces and produce more power than 
slow muscle Įbers.20,30

 

Fast-twitch Įbers can be further divided into two main subtypes: type IIa and type IIb/x. Type 
IIa muscle Įbers can generate a reasonable amount of force at a certain speed, while type 
IIb/x Įbers are specialized in producing force in the shortest possible Ɵme, making them suit-
able for explosive movements. Type IIb/x Įbers can contract very quickly and powerfully but 
become faƟgued very rapidly. As individuals age, the fast-twitch type II muscle Įbers are lost 
more rapidly than type I Įbers. This selecƟve atrophy results in a relaƟve increase in the pro-

porƟon of type I Įbers, which are more faƟgue-resistant but less powerful. The preferenƟal 
loss of type II Įbers primarily results in a loss of movement speed and is a primary contributor 
to the pronounced decrease in muscle power observed with ageing. 

AddiƟonal physiological factors contribuƟng to the loss of muscle power include changes in 
muscle pinnaƟon angle and fascicle length, which aīect the force-velocity relaƟonship of 
muscles, leading to reduced power output.31 Furthermore, age-related alteraƟons in ten-

don sƟīness and elasƟcity impair the eīecƟve transfer of muscle force to bones, conse-

quently impacƟng power generaƟon.31 At the molecular level, changes in the expression and 
funcƟon of contracƟle proteins, such as myosin heavy chain isoforms, contribute to reduced 
contracƟle speed and force generaƟon capacity.32 AddiƟonally, a decline in the eĸciency of 
sarcoplasmic reƟculum calcium release and reuptake leads to prolonged relaxaƟon Ɵmes and 
decreased force producƟon. This alteraƟon in calcium handling contributes to the overall 
slowing of muscle contracƟon and relaxaƟon kineƟcs observed in older adults, directly im-

pacƟng the velocity component of power.33
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Changes in Neuromuscular JuncƟon and Motor Units 
A decline in the number and size of motor units, which are comprised of motor neurons and 
skeletal muscle Įbers, leads to decreased neural and consequenty muscular acƟvaƟon.34 This 

reducƟon in motor unit Įring rates contributes to a diminished generaƟon of force in older 
adults. There is evidence of motor neuron loss and subsequent denervaƟon of muscle Įbers, 
parƟcularly aīecƟng fast motor units.35,36 This process leads to a remodeling of motor units, 
where surviving motor neurons reinnervate some of the denervated muscle Įbers, resulƟng 
in larger motor units with reduced precision of control and diminished Įne motor coordina-

Ɵon.36 The neuromuscular juncƟon itself undergoes structural and funcƟonal changes with 
age, which include a reducƟon in the number of synapƟc vesicles, alteraƟons in acetylcho-

line receptor density, and changes in the morphology of the post-synapƟc membrane. These 
changes contribute to reduced neuromuscular transmission eĸciency and impaired motor 
control,35 which have a direct impact on power producƟon. The less eĸcient neural acƟvaƟon 
of muscle Įbers parƟcularly aīect the high-threshold motor units associated with type II Įb-

ers, contributes signiĮcantly to the loss of rapid force producƟon capabiliƟes.  

Physical AcƟvity, Physical Fitness, and Ageing
 

One of the most widely accepted deĮniƟons of physical acƟvity was proposed by Caspersen 
et al.37 and reinforced by the World Health OrganizaƟon, which deĮnes physical acƟvity as 
any bodily movement produced by skeletal muscles that results in energy expenditure, oŌen 
measured as habitual paƩerns of energy expenditure during daily acƟviƟes.37,38 In contrast, 
the deĮniƟon of physical Įtness refers to a set of aƩributes that individuals possess or achieve, 
which relate to the ability to perform physical acƟvity.37 Physical Įtness is typically measured 
in terms of capacity to perform or sustain physical work, as well as performance-based meas-

ures such as Ɵme to complete an acƟvity. AddiƟonally, physiological variables like maximal 
oxygen uptake or heart rate response can be used to assess physical Įtness. 

Physical Įtness can be divided into two categories: health-related physical Įtness and perfor-
mance-related physical Įtness. While there is some overlap, health-related physical Įtness 
primarily focuses on general well-being, biomedical aspects of health, and overall capacity—
aspects that are important for older adults, but oŌen do not consƟtute the limiƟng factor in 
their physical funcƟoning. In contrast, performance-related physical Įtness concentrates on 
the ability to perform daily tasks. Components of performance-related physical Įtness in-

clude explosive muscle power, speed, agility, balance, and coordinaƟon, all which are factors 
crucial for iniƟaƟng, reacƟng, or acceleraƟng during movement. Research has demonstrated 
that a vital, healthy, and high-quality life is fundamentally rooted in physical Įtness, health 
status, and an acƟve lifestyle.38,39 
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Physical acƟvity has been shown to mediate some of the physical eīects on physical Įtness 
associated with ageing, while inacƟvity oŌen accelerates the negaƟve impact of ageing.3,40 

The potenƟal beneĮts of physical acƟvity in older adults are well-studied, but the opƟmal ex-

ercise and training regimen for older adults to maintain their physical performance and func-

Ɵon remains an acƟve area of research. TradiƟonal views assume that ageing inevitably led to 
decreased Įtness, trainability, and recovery capacity, with liƩle room for improvement. How-

ever, recent research challenges this perspecƟve, and studies now show that older adults can 
achieve signiĮcant improvements in muscle strength, power, and funcƟonal capacity through 
resistance training and mulƟcomponent exercise programs.41–43 While absolute performance 
levels may not match those of younger individuals, relaƟve improvements in physical capacity 
are achievable, even at advanced ages, and contribute signiĮcantly to successful ageing and 
an enhanced quality of life.44

 

Power training: A Promising but UnderuƟlized Approach

An intervenƟon that holds signiĮcant promise for enhancing physical Įtness and funcƟonal 
capacity in older adults is power training, a high-velocity resistance training that emphasizes 
rapid and explosive force producƟon.45,46 This approach is disƟnct from tradiƟonal strength 
training, as it prioriƟzes movement speed and neuromuscular eĸciency in addiƟon to max-

imal power output. Power training has demonstrated superior eīects in improving postural 
control, reacƟon Ɵme, stair climbing ability, and fall prevenƟon, all of which are criƟcal for 
maintaining independence in ageing populaƟons.47 Despite its well-documented physiologi-
cal beneĮts, power training remains underuƟlized in rehabilitaƟon and Įtness programs for 
older adults. One of the primary barriers to its widespread adopƟon is the lack of consensus 
regarding its deĮniƟon, as numerous intervenƟons are classiĮed as power training despite 
not adhering to its core principles of high-velocity, explosive force producƟon. AddiƟonally, 
the absence standard implementaƟon strategies, concerns regarding its feasibility and safety 
in frail individuals, and inconsistent assessment methodologies impede its integraƟon into 
pracƟce. These challenges highlight the need for further research to not only evaluate the ef-
Įcacy of power training but also establish clear criteria’s that disƟnguish it from other training 
modaliƟes. Bridging these gaps is essenƟal for enhancing the eīecƟveness of power training 
in supporƟng funcƟonal independence in older adults.

OpƟmizing Muscle Power in Ageing: The Role of Targeted Power Training
Power training uses (modiĮed) plyometric exercises involving rapid stretching and contract-
ing of muscles.48 The core principle of power training lies in its aim to target and sƟmulate 
fast-twitch muscle Įbers (Type II Įbers), which are parƟcularly suscepƟble to age-related 
atrophy and dysfuncƟon. Neuromuscular adaptaƟons induced by power training include en-
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hanced motor unit recruitment, improved Įring frequency, and beƩer synchronizaƟon of mo-

tor units, leading to more eĸcient muscle acƟvaƟon and improved coordinaƟon between ag-

onist and antagonist muscles.49,50 Furthermore, while targeƟng Type II Įbers, power training 
can sƟmulate hypertrophy in both Type I and Type II Įbers, contribuƟng to the preservaƟon 
or increase of overall muscle mass. 

Physiological adaptaƟons resulƟng from power training can translate into signiĮcant func-

Ɵonal improvements for older adults.51 Training muscle power increases the capacity to gen-

erate force rapidly, improving postural control and reacƟve balance, both of which are crucial 
for fall prevenƟon.52 Improvements in physical capabiliƟes can potenƟally enhance self-con-

Įdence in performing daily tasks for some older adults, which may also facilitate greater 
social engagement and independence.53 It is plausible that the combined eīects of improved 
physical funcƟon, increased independence, and greater social parƟcipaƟon could contribute 
to improved quality of life.54 However, it is important to acknowledge that individual respons-

es may vary due to diīerences in neuromuscular adaptaƟon, baseline physical capacity and 
adherence. Power training research faces several key gaps, including the lack of standardized 
assessment tools and inconsistent study designs, which limit its replicability and validity of 
power training. A core outcome set is needed to ensure consistent evaluaƟon across studies. 
AddiƟonally, its feasibility, adherence, and safety in real-world seƫngs require further inves-

ƟgaƟon, as well as its impact on muscle power, physical performance, and funcƟonal inde-

pendence. Addressing these gaps through a harmonized and integrated approach is essenƟal 
for opƟmizing power training in ageing populaƟons.

Parameters of Power Training: Key Factors and ConsideraƟons 
Power training can be approached from two perspecƟves: the force-based approach and 
the velocity-based approach. The diīerence between these approaches is determined by 
the level of resistance or load, expressed as a percentage of the one-repeƟƟon maximum  
(1-RM), which is the maximum load an individual can move during a speciĮc exercise.55 In force-
based power training, the focus lies on generaƟng a maximum amount of force as quickly as  
possible, resulƟng in relaƟvely low movement velocity. The load typically ranges between  
80-90% of the 1-RM, leading to high resistance and a low number of repeƟƟons (oŌen be-

tween 1-5).55 This approach may be less suitable for most older adults given the high loads 
involved, as it may carry a higher risk of injury and can be inƟmidaƟng for those new to 
resistance training. According to the NaƟonal Strength and CondiƟoning AssociaƟon (NSCA), 
muscle faƟgue may pose safety risks and is not necessary for strength and power adapƟve 
responses,55 suggesƟng that approach is not necessary to improve physical funcƟoning in 
older adults.
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On the other hand, velocity-based power training focuses on maximizing movement speed 
with a given resistance, uƟlizing lighter loads compared to force-based training. The load 
typically ranges between 5-60% of the 1-RM, depending on whether the speciĮc focus is 
strength-speed or speed-strength.20,56 Strength-speed refers to the capacity to generate force 
rapidly while moving a submaximal load at high velocity. This modality typically involves liŌing 
moderately heavy loads, approximately 80-90% of 1-RM, with maximal intended speed to op-

Ɵmize neuromuscular power output.57,58 Speed-strength focuses on moving a relaƟvely light 
load at high velocity, typically employing loads between 30-60% of 1-RM.21,59 In older adults, 
selecƟng relaƟvely light resistance during training allows for higher movement velociƟes 
and an increased number of repeƟƟons, typically ranging between 6 and 10. This approach 
is considered more appropriate for older adults, as it reduces the risk of injury and joint 
stress, while sƟll providing signiĮcant neuromuscular beneĮts. Research indicates that low-
load, high-velocity resistance training can enhance muscle strength and funcƟonal capacity 
in older populaƟons without imposing excessive stress on the joints.60 AddiƟonally, research 
indicates that resistance training with lighter loads and faster movements can enhance tech-

nique and boost conĮdence in performing daily acƟviƟes requiring quick movements.61,62
 

Velocity-based power training oīers a systemaƟc and progressive approach to aƩaining the 
theoreƟcal balance between strength and speed, thereby maximizing power output. This 
training method strategically modulates intensity along the force-velocity conƟnuum to 
enhance the interacƟon between force producƟon and movement velocity. The opƟmal 
power output is achieved at the equilibrium point, where strength and speed are propor-
Ɵonally balanced, represenƟng the most eīecƟve condiƟon for generaƟng maximal power  
(Figures 2 and 3).

Figure 2: The Force-Velocity ConƟnuum delineates the inverse relaƟonship between force and velocity 
in the context of power training. Strength and velocity represent complementary yet interdependent 
components, with maximal power output occurring at approximately 30% of one-repeƟƟon maximum 
(1-RM). 
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Figure 3: The force-velocity relaƟonship characterizes the inverse associaƟon between force produc-

Ɵon and movement velocity. The opƟmal point for neuromuscular power development occuring occurs  
at approximately 30% of maximal force and velocity.

Power Training in the InternaƟonal ClassiĮcaƟon of FuncƟoning, Disability, and Health
The InternaƟonal ClassiĮcaƟon of FuncƟoning, Disability, and Health (ICF) is a globally rec-

ognized framework developed by the WHO to classify and describe health and health-re-

lated domains.63 It provides a comprehensive structure for understanding and measuring 
health and disability at both invidual and populaƟon levels. This thesis used the ICF to posi-
Ɵon power training within the funcƟon, acƟviƟes, and parƟcipaƟon domains, while drawing 
upon suggesƟons from Stewart et al.40 to make a disƟncƟon between health-related and 
performance-related physical Įtness. Making this disƟncƟon complements the ICF model by 
acknowledging that physical Įtness encompasses both health components (cardiorespiratory 
endurance, body composiƟon, Ňexibility, muscular strength) and performance components 
(power, balance, coordinaƟon, reacƟon Ɵme). Within the acƟvity domain of the ICF, it is cru-

cial to diīerenƟate between capacity and performance, as this becomes parƟcularly relevant 
for power training in older adults. While capacity refers to an individual's ability in a stand-

ardized environment, performance reŇects actual execuƟon in real-life seƫngs. For the older 
adult populaƟon, emphasis should be placed on performance-related aspects, with muscle 
power serving as the crucial component for iniƟaƟng movement, responding to disturbances, 
and maintaining funcƟonal performance in daily life acƟviƟes.

Another important framework used to posiƟon power training is the Bouchard model, which 
demonstrates the interrelaƟonship between physical acƟvity, Įtness, and health.64,65 The con-

ceptual integraƟon with the ICF framework connects Bouchard's ideas on these relaƟonships 
with the ICF domains of funcƟoning, disability, and health. The conceptual model shown in 
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Figure 4 further integrates Bouchard's ideas with the ICF domains. By aligning Bouchard's 
model verƟcally and the ICF model horizontally, physical Įtness intersects with funcƟons/
anatomical properƟes, creaƟng a central point that disƟnguishes between health-related and 
performance-related physical Įtness.40 This integrated framework provides a comprehensive 
approach to understanding how power training speciĮcally impacts both the physiological 
capaciƟes and real-world performance of older adults, acknowledging that improvements in 
power must translate to enhanced funcƟoning in daily acƟviƟes to be truly beneĮcial.

The model serves as an underlying framework and shows how physical acƟvity, Įtness, and 
movement intervenƟons can be approached holisƟcally. By considering both capacity and 
performance as deĮned by the ICF, we gain a more nuanced understanding of how power 
training impacts the funcƟonal abiliƟes of older adults. This perspecƟve considers not just 
the physiological changes, but also the funcƟonal outcomes, contextual factors, and broader 
health implicaƟons. It underscores the need for comprehensive assessment strategies and 
intervenƟons that address both the physiological aspects of power and the contextual factors 
that inŇuence real-world performance. Together, this integrated theoreƟcal foundaƟon pro-

vides a robust basis for both research and pracƟcal applicaƟons in the Įeld of power training 
for the ageing populaƟon.

Terminology 

Academic research on muscle performance has long struggled with consistently interpreƟng 
and deĮning the concept of muscle power. In their comprehensive review, Cronin et al. iden-

ƟĮed a signiĮcant issue in the literature, namely the interchangeable use of terms like ex-

plosive strength, rate of force development, and impulse, despite these concepts having dis-

Ɵnct deĮniƟons and implicaƟons.66 The consequences of this lack of consistency can become 
signiĮcant, and may lead to the misinterpretaƟon of research Įndings, incorrectly applying 
study results, or diĸculƟes in comparing outcomes across studies. It is therefore crucial to 
establish clear and consistent deĮniƟons, also to increase the translaƟon of research into 
pracƟcal training programs. This dissertaƟon uses the terminology described in Table 1 to 

describe muscle power and other relevant terms.
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Table 1: Terminology used throughout this thesis

Concept DeĮniƟon
Muscle power The rate at which mechanical work is performed or energy is trans-

ferred, calculated as the product of force and velocity.19–21

Muscle strength The maximum force a muscle or muscle group can generate. It is 
commonly  assessed as the maximum load liŌed in a single repeƟƟon 
(1-RM) during a dynamic contracƟon or as the peak force produced 
during a isometric contracƟon. When measured under isometric 
condiƟons, it is speciĮcally referred to as maximal isometric strength, 
indicaƟng the highest force output without changes in muscle length.19 

Explosive strength The capacity to exert maximal force in minimal Ɵme, encompassing the 
rate of force development and other measured of rapid force produc-

Ɵon.67 

Rate of force development The rate of increase in contracƟle force at the onset of muscle contrac-

Ɵon, as determined by the slope of force-Ɵme or torque-Ɵme during 
rapid, voluntary contracƟons.68 

Impulse The cumulaƟve eīect of force applied over a period of Ɵme, calculated 
as: Impulse = Force x Time.69 

Physical acƟvity Physical acƟvity is any bodily movement produced by skeletal muscles 
that requires energy expenditure.37 

Physical Įtness A set of aƩributes or characterisƟcs that people have or achieve 
that relates to the ability to perform physical acƟvity,encompassing 
cardiorespiratory endurance, muscular strength and endurance, body 
composiƟon, Ňexibility, balance, agility, reacƟon Ɵme, and power.70 

Physical performance Physical performance is the measurable capacity of underlying physical 
aƩributes such as strength, power, balance, and speed in a standard-

ized seƫng.38,71 

Physical funcƟoning Physical funcƟoning, part of the AcƟviƟes and ParƟcipaƟon domain of 
the ICF, reŇects an individual's ability to perform daily tasks and engage 
in life situaƟons. It determines physical independence, whereas phys-

ical performance highlights underlying aƩributes,funcƟoning speciĮ-

cally refers to the ability to independently carry out acƟviƟes such as 
walking or climbing stairs.63  

AcƟviƟes of daily life AcƟviƟes of Daily Living (ADLs) refer to fundamental tasks necessary 
for self-care and independent living, including basic funcƟons such as 
bathing, dressing, toileƟng, transferring, conƟnence, and feeding.38

Independence Independence in daily life refers to the ability to perform ADLs without 
assistance, reŇecƟng an individual’s autonomy and funcƟonal 
capacity.38 



22

Chapter 1

Aim of the DissertaƟon

This dissertaƟon is built on the premise that power training holds great potenƟal for improv-
ing physical funcƟon in older adults, but its widespread implementaƟon is hindered by sever-
al unresolved issues. There is a gap between theoreƟcal knowledge and pracƟcal implemen-
taƟon due to a lack of clear, standardized protocols for power training. This makes it diĸcult 
for pracƟƟoners to integrate power training into exisƟng rehabilitaƟon and Įtness programs. 
AddiƟonally, there is no standardized assessment protocol to consistently and accurately 
measure the impact of power training. Inconsistent methodologies complicate the ability to 
compare results across studies and establish evidence-based guidelines. Lastly, there is lim-

ited research on long-term adherence and feasibility of power training in older adults. While 
some studies have shown that power training can improve funcƟonal outcomes, quesƟons 
regarding its feasibility in both clinical and community seƫngs remain, parƟcularly among 
older adults with varying physical capaciƟes. Addressing these gaps is crucial to ensure that 
power training can be eīecƟvely uƟlized to enhance funcƟonal independence in ageing pop-
ulaƟons.

In response to these criƟcal gaps, this dissertaƟon aims to bridge the divide between sci-
enƟĮc evidence and real-world applicaƟon of power training for older adults. SpeciĮcally, it 
seeks to:(1) establish standardized assessment methods within the ICF across its diīerent 
domains to measure the impact of power training; (2) evaluate the eīecƟveness of power 
training in improving physical funcƟoning in older adults; and (3) invesƟgate the feasibility of 
power training in pracƟcal seƫngs. By addressing these aims, this dissertaƟon strives to pro-
vide a robust foundaƟon for future research and clinical pracƟce in physical therapy exercise 
science, oīering insights for researchers, clinicians, and policymakers working to promote 
healthy ageing and maintain funcƟonal independence in older populaƟons.

Outline of the DissertaƟon

This dissertaƟon is structured into two main parts, each addressing related but disƟnct re-
search objecƟves. Chapter 1 provides a general introducƟon, outlining the theoreƟcal frame-
work and key concepts that underpin the research.

Part One, Harmonizing Outcomes: How to Measure the Impact of Power Training in Older 
Adults, focuses on measurement and methodological foundaƟons. Chapter 2 examines the 
therapeuƟc validity and replicability of power training intervenƟons using the TIDieR check-
list and the CONTENT scale. Chapter 3 presents a systemaƟc review of the reliability, valid-
ity, and responsiveness of tests employed to evaluate the eīects of power training in older 
adults. Chapter 4 reports on a Delphi and Nominal Group Technique study conducted to 
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establish consensus on a core outcome set for measuring the eīects of power training in this 
populaƟon.

Part Two, From Theory to PracƟce: EvaluaƟng the Eīects and Clinical Applicability of Power 
Training in Older Adults, addresses clinical eīecƟveness and feasibility. Chapter 5 presents a 

systemaƟc review and meta-analysis comparing the eīecƟveness of power training with that 
of strength training in older adults. Chapter 6 describes a pilot and feasibility study on the 
implementaƟon of power training, providing insights into its pracƟcal applicability. Chapter 
7 presents a descripƟve case series exploring the impact of power training on physical func-

Ɵoning in older adults, thereby illustraƟng its relevance in clinical pracƟce.

Although the chapters are presented in a themaƟc structure—Part One focusing on meas-

urement and methodology, and Part Two on eīecƟveness and feasibility—the chronological 
order of the underlying studies diīers. The systemaƟc review and meta-analysis in Chapter 
5 served as a foundaƟon for the studies presented in Chapters 2 and 3. SpeciĮcally, the 
extracted data on intervenƟon content informed the evaluaƟon of therapeuƟc validity and 
replicability (Chapter 2), while the data on outcome measures informed the psychometric 
assessment of tests used to evaluate the eīects of power training (Chapter 3). The deliberate 
organizaƟon of the dissertaƟon, with methodological foundaƟons preceding clinical applica-

bility, was chosen to maintain conceptual clarity and coherence.

Finally, Chapter 8 provides a General Discussion. This chapter integrates the Įndings of all 
preceding chapters, synthesizing methodological and clinical insights. It further discusses 
theoreƟcal and pracƟcal implicaƟons and oīers recommendaƟons for future research and 
clinical pracƟce in the Įeld of power training for older adults.
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Chapter 2

Abstract

Background: Randomized controlled trials (RCTs) indicate that power training has the ability 
to improve muscle power and physical performance in older adults. However, power training 
deĮniƟons are broad and previously-established criteria are vague, making the validity and 
replicability of power training intervenƟons used in RCTs uncertain. 

ObjecƟve: The aim of this review was to assess whether the power training intervenƟons 
idenƟĮed in a previous systemaƟc review (el Hadouchi 2022) are fully described, therapeuƟ-
cally valid, and meet our proposed criteria for power training.

Design: Review

Methods: Power training intervenƟons used in older adults, previously-idenƟĮed in a sys-
temaƟc review, were assessed. The completeness of intervenƟon descripƟons was evaluated 
using the Template for IntervenƟon DescripƟon and ReplicaƟon (TIDieR), and therapeuƟc 
validity was evaluated using the CONTENT scale in combinaƟon with a set of criteria speciĮc 
for power training.

Results: None of the power training intervenƟons were fully described or met the CONTENT 
scale’s criteria for therapeuƟc validity. Five out of 14 intervenƟons (35.7%) met all speciĮc 
power training criteria. 

Conclusions: Power training intervenƟons used in RCTs comparing power training to strength 
training are poor to moderately described, may not be therapeuƟcally valid, and may not re-
Ňect the construct of power training. This makes it diĸcult for clinicians or reseachers to ap-
ply or replicate power training intervenƟons reported in RCTs, and begs the quesƟon whether 
the true eīects of power training have been esƟmated. 

Keywords: power training, replicability, validity, older adults
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IntroducƟon

Research suggests that power training oīers more potenƟal for improving physical perfor-
mance and funcƟoning in older adults compared to strength training alone. 1–5 Power train-
ing is a dynamic exercise training that requires a higher velocity of muscular contracƟons 
compared to tradiƟonal strength training and emphasizes the development of type 2 muscle 
Įbers responsible for shorter bursts of explosive movement. 6,7 These type 2 muscle Įbers, 
also known as fast twitch Įbers, deteriorate at a faster rate with older age, thereby reducing 
one’s ability to generate muscle strength rapidly. 7

The age-related decline in muscular condiƟon has been expressed in terms of loss of muscle 
strength (the ability to produce large muscle force) and muscle power (the ability to pro-
duce a large muscle force at high contracƟon velocity). 4,8,9 Several studies revealed that in 
older adults, the annual decline in muscle power is larger than the annual decline in muscle 
strength, 2,10–15 making the ability to move with suĸcient velocity (emphasizing muscle pow-
er) more oŌen the limiƟng factor than the ability to produce suĸcient muscle force (empha-
sizing muscle strength).3,10 As a result, aging is oŌen accompanied by funcƟonal limitaƟons, 
increased risk of falls, reduced movability, and a decreased quality of life.16

Power training has been shown to increase muscle power even in older adults. 3,17 However, 
the descripƟons of power training intervenƟons used in randomized controlled trials (RCTs) 
are oŌen incomplete and lack clarity, hindering replicability. AddiƟonally, power training deĮ-
niƟons used in RCTs are vague and there is a lack of consensus regarding the elements that 
need to be fulĮlled for an exercise intervenƟon to consƟtute as power training. As a result, 
there are large diīerences in applied power training intervenƟons. 5 The heterogeneity be-
tween power training intervenƟons raises the quesƟon whether the intervenƟons used in 
RCTs adequately target muscle power and are therapeuƟcally valid.

TherapeuƟc validity has been deĮned as the potenƟal eīecƟveness of a speciĮc intervenƟon 
given the target group. 18 Only with a clear descripƟon of the intervenƟon is available, it is 
possible to determine whether the intervenƟon is potenƟally eīecƟve, in this case whether 
the intervenƟon meets the deĮniƟon of power training and is suitable for older adults. At this 
moment, there is no clear and comprehensive framework that speciĮes the essenƟal com-
ponents of power training, contribuƟng to the frequently encountered confusion between 
power training and strength training. Therefore, we developed a set of power training criteria 
based on biomechanical principles and exercise physiology theories proposed by Kraemer et 
al.6 and Haī et al.19 to assess to which extent the intervenƟons used in RCTs reŇected power 
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training principles. These power training criteria evaluate: (1) type of exercises; (2) movement 
pace; (3) rate of force development; (4) training load; and (5) duraƟon of the intervenƟon.

In this review, we aimed to assess whether the power training intervenƟons idenƟĮed in a 
previous systemaƟc review by el Hadouchi et al.5 are fully described, therapeuƟcally valid, 
and meet our proposed criteria for power training. Answering these quesƟons will provide 
insight into whether the conclusions drawn from the included RCTs evaluaƟng the eīects of 
power training intervenƟons in older adults were warranted. Furthermore, addressing these 
gaps in the literature will provide a framework for the necessary improvements for future 
research reporƟng on power training intervenƟons or other exercise intervenƟons.

Methods

Power training intervenƟons were rated on whether they were described in suĸcient detail, 
to what extent they showed therapeuƟc validity, and whether they met our proposed criteria 
for power training. The scope of this review is limited to RCTs included in an exisƟng system-
aƟc review comparing the eīecƟveness of power training to strength training in older adults,5 

but the search was updated for the present review. This review was registered in the Inter-
naƟonal ProspecƟve Register of SystemaƟc Reviews (PROSPERO 2021: CRD42021273832).

Search Strategy and Study SelecƟon
The original systemaƟc search was performed in PubMed, Embase, Ebsco/CINAHL, Ebsco/
SPORTDiscus, Wiley/Cochrane Library and Scopus up unƟl 18 September 2020 in collabo-
raƟon with a medical librarian. The search string (Appendix 1) was applied once more to 
all abovemenƟoned databases on 7 August 2023 to search for any more recently-published 
literature. Study selecƟon was performed independently by two coauthors (MeH and HK) by 
Įrst selecƟng relevant Ɵtles and abstracts using the online soŌware Rayyan, 20 followed by a 
full-text screening. RCTs that compared a power training intervenƟon to a strength training 
intervenƟon in older adults were included if: (a) the mean age of the study populaƟon was 
>65 years and parƟcipants were recruited from a ‘healthy’populaƟon. Healthy was deĮned 
using the WHO deĮniƟon for health, in which individuals can be considered healthy despite 
the presence of (chronic) health condiƟons; (b) the intervenƟon was deĮned as power train-
ing by the authors or the intervenƟon met the deĮniƟon of power training proposed by Haī 
et al.: 19 “an intervenƟon primarily aimed at muscle power, movement speed or rate of force 
development”; (c) the study included outcome measures for muscle power, acƟvity-based 
tests, or physical funcƟoning in daily life; (d) the strength training control group was age-
matched and received at least parƟally supervised strength training; and (e) studies were 
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wriƩen in English, Dutch, or German. Studies were excluded if the study populaƟon consisted 
of solely of parƟcipants with speciĮc (medical) condiƟons on the basis on non-generalizabil-
ity. Furthermore, studies were excluded if the intervenƟons were home- or internet-base in 
view of concerns regarding adherence. A detailed explanaƟon of the search strategy, study 
selecƟon, and risk of bias assessment can be found in the primary study. 5 Figure 1 summariz-
es the literature search and study selecƟon in a PRISMA Ňow diagram. 21
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Completeness of DescripƟons
The completeness of intervenƟons descripƟons was assessed using the Template for Inter-
venƟon DescripƟon and ReplicaƟon Checklist (TIDieR) checklist, 22 which consists of 12 items 
that assess whether intervenƟons are described in suĸcient detail. The goal of the TIDieR 
checklist is to assess whether intervenƟons are described in suĸcient detail to allow their 
replicaƟon or translaƟon into clinical pracƟce. The TIDieR checklist was applied independent-
ly by two researchers (MeH and BB) with regular meeƟngs to form consensus. If no consen-
sus was reached, a third researcher was consulted and a consensus was reached through 
discussion between all three. 

Within the TIDieR checklist, criterion 8 aims to idenƟfy the number of training sessions, their 
schedule, duraƟon, intensity, and dose. We felt that addiƟonal informaƟon was needed to 
further specify relevant details. Therefore, we expanded criterion 8 to include the following 
training parameters: a) total number of sessions, b) frequency (trainings/week), c) duraƟon 
of a session, d) intensity, e) type of exercises, f) level of exercise (the degree of diĸculty of 
the exercises), and g) combinaƟon with other exercises or intervenƟons. The expansion of 
this criterion was done in consultaƟon with professionals (researchers, sports and geriatric 
physiotherapists, and strength and condiƟoning trainers) by asking them which training pa-
rameters are of importance when evaluaƟng and reproducing an exercise intervenƟon. Each 
item on the TIDieR checklist was scored with no (0) or yes (1). For criterion 8, a point was 
only awarded if all training parameters were described. In the absence of a scoring guideline, 
we used the following interpretaƟon of the scores: 0–4 points were considered poor, 5–9 
points were considered moderate, and 10–12 points was considered good. The scoring sys-
tem emphasizes the completeness and transparency of what has been reported rather than 
a qualitaƟve ranking of intervenƟons.

TherapeuƟc Validity
TherapeuƟc validity was deĮned as “the potenƟal eīecƟveness of a speciĮc intervenƟon giv-
en the target group” and was assessed using the validated CONTENT scale for the therapeuƟc 
validity of therapeuƟc exercise programs. 18 The CONTENT scale was completed independent-
ly by two researchers (MeH and BB), aŌer which consensus was formed. If no consensus was 
reached, a third researcher was consulted and a consensus was reached through discussion 
between the three. The checklist consists of 9 criteria that, if described and met, are worth 
1 point each. An intervenƟon was considered therapeuƟcally valid if the total score was >6 
points. 
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Power Training Criteria

Item 5 of the CONTENT scale includes the quesƟon:“Was the raƟonale for the content and 
intensity of the therapeuƟc pracƟce described and plausible?”. Due to the importance of this 
item in determining whether the exercises used are consistent with the principles of power 
training, we developed a speciĮc set of criteria to assess to what extent the intervenƟons 
used in RCTs reŇect power training principles. These power training criteria are based on 
biomechanical principles and exercise physiology theories proposed by Kraemer et al.6 and 

Haī et al.19 and are listed in Table 1. The results of item 5 are interpreted separate from the 
CONTENT scale.

Table 1: Power training criteria

Concept Criteria

1 Type of exercises The training consists of exercises that emphasize the speed of the 
performance (e.g. Olympic weightliŌing or strength exercises that 
have been adapted into power exercises).

2 Movement pace The instrucƟon and execuƟon of the power exercises is “as fast 
as possible”.

3 Rate of force development Each exercise should be characterized by a fast and powerful con-
centric phase, followed by a slow and steady eccentric phase.

4 Training load The resistance of the exercises is low. The intervenƟon uses a 
training load of 20-30% of the 1-repeƟƟon maximum (1-RM) OR, 
a build-up range is used between 0-60% 1-RM (0-60% 1-RM for 
lower extremity exercises and 30-60% 1-RM for upper extremity 
exercises).

5 DuraƟon The minimum duraƟon of the intervenƟon is 8 weeks with a train-
ing frequency of at least twice a week.

Results

Study CharacterisƟcs
The updated search yielded 21 addiƟonal recently-published studies, none of which met el-
igibility criteria. Therefore, a total of 14 power training intervenƟons from previously-idenƟ-
Įed RCTs were included. Table 2 provides an overview of the study characterisƟcs and train-
ing parameters. The RCTs varied greatly with regard to the seƫng, the supervision, the length 
of follow-up, and the training parameters. A majority of power training intervenƟons uƟlized 
exercise machines (53%), while the remaing intervenƟons used own body weight exercises, 
task-speciĮc exercises such as step up and step down to simulate stair climbing (7%), or a 
combinaƟon of both (40%). The power training intervenƟons were supervised by exercise 
trainers (60%) or student physicians (20%). In the remaining 20% of studies, the level of su-
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pervision was unclear. Twenty percent of training sessions were performed in a gym, 20% in 
an exercise room of a clinical seƫng, and 13% at a rehabilitaƟon center. The age of the par-
Ɵcipants ranged from 66 to 93 years (median 72 years), with a large majority of parƟcipants 
considered “community-dwellers” who lived independently or in a nursing home. 

Completeness of DescripƟons
None of the RCTs described all the items on the TIDieR checklist. The quality of reporƟng the 
featured power training intervenƟons was scored poor to moderate (Table 3). Twelve of the 
RCTs described the procedures, acƟviƟes, and/or processes used in the power training inter-
venƟon (criterion 4), but only 7 of RCTs described a raƟonale for the intervenƟon (criterion 2). 
Wth respect to criterion 8, all RCT’s described at least one training parameter (criteria 8a-g), 
but none of the RCTs described all parameters (mean: 5, range: 3-6). Most notably, criterion 
10 for ‘modiĮcaƟon’, criterion 11 for ‘adherence’; and criterion 12 for ‘deliverance’ were not 
reported in any of the RCTs. A complete overview of Įndings related to the TIDieR checklist 
can be found in Appendix 2.

TherapeuƟc Validity
None of the power training intervenƟons were considered therapeuƟcally valid (>6 points), 
as all of the power training intervenƟon scored between 4–5 points on the CONTENT scale. 
Criteria 1 and 2 regarding paƟent selecƟon, criterion 4 evaluaƟng whether the intervenƟon 
was ‘based on a priori aims and intenƟons’, and criterion 6 evaluaƟng whether ‘the intensity 
of the intervenƟon was described’ were met by all studies. Criterion 7 for ‘monitoring and 
adjustment of intervenƟon’ was met by 11 of the 14 studies. There were also several crite-
ria that were met by only a few of the selected studies. Criterion 3 for ‘eligibility criteria for 
therapist and seƫng’, criterion 5 for ‘raƟonale for content and intensity of intervenƟon’; cri-
terion 8 for whether the intervenƟon was ‘personalized and contexualized for individual par-
Ɵcipants’, and criterion 9 for ‘adherence determined and acceptable’ were scored as insuf-
Įcient for all of the studies. In applying criterion 5 for ‘raƟonale for content and intensity of 
therapeuƟc exercise’ it became clear that most studies did not indicate the raƟonale for the 
chosen intensity or content of the intervenƟon. The training intensity varied widely between 
studies. Two studies used the Borg-scale rate of perceived exerƟon (RPE) to describe training 
intensity, while the remaining studies used a range of 1RM percentages to describe the train-
ing intensity. The raƟonale for the content and intensity of therapeuƟc exercise was lacking 
in all of the studies. A complete list of therapeuƟc validity scores can be found in Appendix 3.
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Power Training Criteria

Power training criteria were applied to each of the 14 intervenƟons. The criterion for type of 
exercises was met by 13 out of 14 intervenƟons, 1 study did not specify the exercises used. 
The criterion for movement pace and rate of force development were met by all interven-
Ɵons. The criterion for training load was met by only 5 intervenƟons, because a majority 
of intervenƟons used higher training loads, or determined training load through a raƟng of 
perceived exerƟon (RPE). Lastly, the criterion for duraƟon was also met by all intervenƟons. A 
total of 5 intervenƟons (36%) met all power training criteria. 

Discussion

Our results show that the power training intervenƟons used in older adults were poor to 
moderately described, as they did not meet the criteria for replicability established by the 
TIDieR checklist. Most notably, informaƟon regarding the modiĮcaƟon, adherence, and de-
liverance of the power training intervenƟon was not provided in any of the included RCTs. 
Furthermore, none of the power training intervenƟons were considered therapeuƟcally valid 
and only a third of intervenƟons met the proposed power training criteria.

To our best knowledge, this is the Įrst study to evaluate power training intervenƟons featured 
in RCTs using the TIDieR checklist and CONTENT scale. There are several systemaƟc reviews 
evaluaƟng the eīects of power training in older adults, 34-36  even comparing power training 
to strength training, 37-39  but the content of power training intervenƟons was not evaluated in 
these studies. Previous reviews also noted the heterogeneity in Įndings between RCTs eval-
uaƟng the eīects of power training in older adults, which could be the result of diīerences 
in power training protocols.

Diīerences in training protocols, in addiƟon to diīerences in outcome measurement, can 
greatly increase the heterogeneity of Įndings across studies even if these have a similar 
methodology. This heterogeneity increases uncertainty about the eīecƟveness of power 
training. AddiƟonally, there is a lack of consensus with regard to the ideal training load for 
power training intervenƟons, which hampers the implementaƟon of power training inter-
venƟons in clinical pracƟce. The relaƟonship between muscle force and contracƟon velocity 
is such that as the magnitude of force required to move an external object increases, the 
velocity at which a muscle is capable of moving the external object decreases. This inverse 
relaƟonship gives rise to two disƟnct approaches for training muscle power: (1) the high force 
and low velocity approach (~70% 1RM) and, (2) the low force and high velocity approach 
(~30% 1RM). Direct comparisons indicate that intervenƟons using a training load between 
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20-30% 1RM were most eīecƟve at improving muscle power in older adults, 6,7,16,19,40,41  but 
there are sƟll studies that use power training intervenƟons with a higher load. However, more 
generally, the lack of clarity in the descripƟon of training intervenƟons invesƟgated precludes 
determinaƟon of which intervenƟon characterisƟcs contribute most to eīecƟveness of pow-
er training. This not only hinders the understanding of the eīecƟveness of power training in 
older adults, but also hampers the implementaƟon of power training intervenƟons. 

Standardizing the way in which RCTs report on power training intervenƟons and other exer-
cise intervenƟons could improve the assessment of therapeuƟc validity, increase replicaƟon 
of results, and promote implementaƟon. From the RCTs included in the present review that 
did not describe the intervenƟon fully, it could not be determined whether the criteria from 
the CONTENT scale for therapeuƟc validity were considered but not reported, or not consid-
ered at all. More speciĮcally, missing informaƟon with regards to the reporƟng of modiĮca-
Ɵon, adherence, and deliverance of power training intervenƟons indicate a lack of quality in 
these areas. 

We propose that future research should use the TIDieR checklist in combinaƟon with the 
CONSORT checklists and CONTENT scale to ensure that a complete descripƟon of the inter-
venƟon is reported and that the content of the intervenƟon reŇects the construct of power 
training. While this may increase the word counts of papers reporƟng RCTs, we believe that 
adherence to these checklists on an a priori basis can improve the interpretaƟons, assess-
ment, and understanding of the eīects of power training in older adults.

Certain criteria within the TIDieR checklist and CONTENT scale were considered to be more 
relevant to the construct of power training than others. SpeciĮcally, criterion 8 of the TIDieR 
checklist was expanded to include power training parameters not fully covered by the origi-
nal checklist. Yet, this criterion was not fully met by any of the included RCTs. Furthermore, 
criterion 2 of the CONTENT scale, which evaluates the presence of a raƟonale, was met by 
only half of the included studies. Although a raƟonale is not necessary to replicate the inter-
venƟon, a hypothesis about the mechanism by which the intervenƟon has an eīect should 
be established prior to tesƟng the eīecƟveness of the intervenƟon to increase therapeuƟc 
validity and jusƟfy the use of appropriate measurement tools. 
 

There are several limitaƟons to this review. Because this review is a secondary analysis and 
used the same search strategy as el Hadouchi et al.5, the scope of the review is limited to 
evaluaƟng intervenƟons used in RCTs comparing the eīects of power training to strength 
training in older adults with muscle power, acƟvity-based tests, and physical acƟvity level in 
daily life as outcomes. AddiƟonally, because the CONTENT scale assess the therapeuƟc valid-
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ity of power training intervenƟons based on how well and complete the intervenƟons were 
described, it is possible that the intervenƟon was indeed power training and performed well, 
but was not adequately described in the arƟcle. Lastly, the dichotomous response opƟons 
in the TIDieR checklist limit the interpretaƟon of these criteria and an ordinal or qualitaƟve 
response would likely have been more informaƟve. To compensate for this, we provided a 
thorough descripƟon of these criteria in Table 2. Further strengths of this review include the 
incorporaƟon of power training criteria to expand the CONTENT scale’s ability to evaluate 
the intensity and type of exercises used in the power training intervenƟons. While these pro-
posed power training criteria were developed by experts, it would be advisable to get broad-
er consensus whether these criteria accurately represent the construct of power training.

Conclusions

Power training intervenƟons used in RCTs comparing power training to strength training are 
poor to moderately described, may not be therapeuƟcally valid, and may not reŇect the 
construct of power training. These factors make it diĸcult for clinicians or researchers to 
interpret, translate or replicate power training intervenƟons reported in RCTs, and beg the 
quesƟon whether the true eīects of power training have been esƟmated. Future RCTs evalu-
aƟng the eīects of power training in older adults should guarantee therapeuƟc validity, and 
provide clearer and more complete descripƟons of the intervenƟon.
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Appendix 1: PubMed search string used in literature search.

(("Aged"[Mesh] OR "Aging"[Mesh] OR "Homes for the Aged"[Mesh] OR "Housing for the 
Elderly"[Mesh] OR "Geriatrics"[Mesh] OR "Geriatric Nursing"[Mesh] OR "Health Servic-
es for the Aged"[Mesh] OR (elder*[tw] OR eldest[tw] OR frail*[tw] OR geriatri*[tw] OR old 
age*[tw] OR oldest old*[tw] OR senior*[tw] OR senium[tw] OR very old*[tw] OR septua-
genarian*[tw] OR octagenarian*[tw] OR octogenarian*[tw] OR nonagenarian*[tw] OR cen-
tarian*[tw] OR centenarian*[tw] OR supercentenarian*[tw] OR older people[tw] OR older 
subject*[tw] OR older paƟent*[tw] OR older age*[tw] OR older adult*[tw] OR older man[tw] 
OR older men[tw] OR older male*[tw] OR older woman[tw] OR older women[tw] OR older 
female*[tw] OR older populaƟon*[tw] OR older person*[tw]) OR aging[Ɵab] OR ageing[Ɵab] 
OR community-dwell*[Ɵab]) AND ("Self Eĸcacy"[Mesh] OR "AcƟviƟes of Daily Living"[Mesh] 
OR "Quality of Life"[Mesh] OR self eĸcac*[Ɵab] OR "acƟviƟes of daily living"[Ɵab] OR "acƟvity 
of daily living"[Ɵab] OR "acƟviƟes of daily life"[Ɵab] OR "acƟvity of daily life"[Ɵab] OR daily 
living acƟvit*[Ɵab] OR daily life acƟvit*[Ɵab] OR adl[Ɵab] OR iadl[Ɵab] OR "quality of life"[-
Ɵab] OR life qualit*[Ɵab] OR living qualit*[Ɵab] OR "quality of living"[Ɵab] OR "qol"[Ɵab] OR 
"hrql"[Ɵab] OR "hrqol"[Ɵab] OR funcƟonal abilit*[Ɵab] OR physical abilit*[Ɵab] OR funcƟonal 
perform*[Ɵab] OR physical perform*[Ɵab] OR funcƟonal independen*[Ɵab] OR physical in-
dependen*[Ɵab] OR "Personal Autonomy"[Mesh] OR funcƟonal autonom*[Ɵab] OR physical 
autonom*[Ɵab] OR "Physical Fitness"[Mesh] OR Independent living[Ɵab] OR Living independ-
ent*[Ɵab] OR high funcƟon*[Ɵab] OR higher funcƟon*[Ɵab] OR physical funcƟon*[Ɵab]) AND 
((power[Ɵab] OR plyometric*[Ɵab] OR high velocit*[Ɵab] OR high intens*[Ɵab] OR explosive 
strength[Ɵab]) AND ("Exercise"[Mesh] OR "Sports"[Mesh] OR "Exercise Therapy"[Mesh] OR 
training[Ɵab] OR physical acƟvity[Ɵab] OR exercise[Ɵab]))) AND (randomized controlled tri-
al[pt] OR controlled clinical trial[pt] OR randomized[Ɵab] OR randomised[Ɵab] OR placebo[-
Ɵab] OR randomly[Ɵab] OR trial[Ɵab] OR groups[Ɵab])
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Abstract 

Background: Research shows that power training oīers more potenƟal for improving muscle 
power and physical performance in older adults than strength training. However, the meas-

urement properƟes of the tests used to assess the eīects of power training are unclear.

ObjecƟve: to review the reliability, validity, and responsiveness of tests used to measure the 
eīects of power training in older adults. 

Methods: A comprehensive literature search was conducted on 24 previously-idenƟĮed tests 
in PubMed, Embase, CINAHL, PsycInfo, and SPORTDiscus unƟl April 29, 2024. The method-

ological quality of the studies was assessed using COSMIN Risk of Bias checklist. Tests were 
categorized according to the InternaƟonal ClassiĮcaƟon of FuncƟoning, Disability, and Health 
(ICF) and evaluated using Terwee’s ModiĮed Quality Criteria for RaƟng the Results of Meas-

urement ProperƟes.

Results: The search yielded a total of 74 arƟcles, of which a majority had ‘doubƞul’ or ‘in-

adequate’ methodological quality. Research on reliability was abundant and was considered 
high for a majority of tests, while validity and responsiveness were studied less. None of the 
included tests saƟsĮed all criteria for Terwee’s Checklist.

Conclusions: Aiming to cover each of the ICF domains, this review suggests the 1RM bench 
press, 1RM leg press, and CMJ for the funcƟon domain; and the 6-MWT, 10-MWT, Ɵmed stair 
climb, 5-STS, 30-seconds Sit to Stand, and TUG for the acƟviƟes domain. No recommenda-

Ɵons can be made for the parƟcipaƟon domain at this Ɵme.

Keywords: power training; older adults; reliability, validity, responsiveness
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IntroducƟon

Muscle power is the product of muscle force and contracƟon velocity, and determines wheth-

er movements, like rising from a chair, can be performed. 1–3 Research shows that muscle 
power is a determinant of physical performance, and a criƟcal variable in predicƟng mobility 
and physical funcƟoning in older adults.4–7 Ageing is characterized by a loss of muscle power, 
which can make acƟviƟes of daily life, such as rising from a chair or climbing a Ňight of stairs, 
more diĸcult to perform. Muscle power is best increased through power training,7 a form of 

exercise that involves moving resistance at a higher velocity than tradiƟonal strength training. 
5,6,8,9 A recent systemaƟc review suggests that power training oīers more potenƟal to improve 
muscle power and physical performance in older adults than strength training.10

The eīects of power training are commonly evaluated using performance-based tests ad-

ministered by physical therapists or trainers, as these provide more accurate measures of 
performance than paƟent-reported outcome measures (PROMs).11 Tests can be categorized 
within the InternaƟonal ClassiĮcaƟon of FuncƟoning, Disability, and Health (ICF).12 muscle 

power can be considered a funcƟon, while physical performance belongs to the acƟvity do-

main where a disƟncƟon can be made between generic tests and tests with an emphasis on 
movement speed. Lastly, physical funcƟoning in daily life belongs to the parƟcipaƟon domain. 
10 A recent systemaƟc review reported that while no reports on the eīects of power training 
in the parƟcipaƟon domain of the ICF were found, a wide variety of tests were used to eval-
uate the eīects of power training in the funcƟon and acƟvity domains of the ICF.10 Overall, 
the results indicated a beneĮt of power training over strength training. However, the meas-

urement properƟes of the tests used were unclear, making a comprehensive assessment of 
these tests warranted.

Therefore, the objecƟve of this study was to review the reliability, validity, and responsiveness 
of tests used to measure the eīects of power training in older adults. We speciĮcally inves-

Ɵgated the tests idenƟĮed in a previous systemaƟc review and meta-analysis of randomized 
controlled trials comparing the eīecƟveness of power training to strength training in older 
adults. 10 This research will support the development of a standardized tesƟng protocol to 
assess the eīects of power training in older adults, based on a set of reliable, valid, and re-

sponsive measurement tools.
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Methods

This systemaƟc review was developed in accordance with the Preferred ReporƟng Items for 
SystemaƟc reviews and Meta-Analyses (PRISMA) guidelines 13 and adhered to the Consen-

sus-based Standards for the selecƟon of health Measurement Instruments (COSMIN) 14 and 

the COSMIN methodology for systemaƟc reviews of PaƟent-Reported Outcome Measures 
(PROMs). 15–17 This review was also registered in the InternaƟonal ProspecƟve Register of Sys-

temaƟc Reviews (PROSPERO 2021: CRD42021273812).

Data Sources and Searches 

A previous systemaƟc review idenƟĮed 24 tests that were used to evaluate the eīects of 
power training in older adults (Figure 1). 10 Our aim was to assess the measurement prop-

erƟes of the tests used to measure the eīects of power training in older adults in the 
above-menƟoned review. Therefore, a comprehensive literature search was conducted in the 
bibliographic databases PubMed, Embase, CINAHL Plus (Ebsco), APA PsycInfo, and SPORT-

Discus (Ebsco) from incepƟon to April 29, 2024 in collaboraƟon with a medical informaƟon 
specialist. The following terms were used (including synonyms and closely related words) 
as index terms of free-text words: “funcƟonal strength measurements”, “muscular strength 
measurements”, “aged”, “tests”, “reliability”, “validity”, “responsiveness”. The search strategy 
for PubMed (Appendix 1) was developed Įrst and then translated for the remaining data-

bases. Duplicate arƟcles were excluded by a medical informaƟon specialist using Endnote 
X21.0.1 (Clarivatetm), following the Amsterdam EĸcientDeduplicaƟon (AED)-method 18 and 

the Bramer-method. 19 The references of the idenƟĮed arƟcles were also searched for rele-

vant publicaƟons. 

Study SelecƟon
Study selecƟon was independently performed by four researchers (MeH, BB, ES, RB). First, 
all potenƟally relevant Ɵtles and abstracts were screened using the online soŌware Rayyan. 
20 Second, the remaining arƟcles were read in enƟrety to ensure eligibility criteria were met. 
Diīerences in judgement were resolved through a consensus procedure. 

Studies that contained data on the reliability, validity, or responsiveness of a measurement 
of instrument of interest were included if: (1) the study populaƟon consisted of older adults 
(mean age >65 years) recruited from a healthy populaƟon, regardless of their level of disa-

bility, physical funcƟoning, or Įtness. We deĮned healthy using the World Health Organiza-

Ɵon’s (WHO) deĮniƟon for health, in which individuals can be considered healthy despite the 
presence of (chronic) disease; 21 (2) studies evaluated the performance test or measurement 
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tool itself, and not the equipment used to support the measurement (e.g. stopwatch or force 
plate); (3) data on measurement properƟes were available in the form of a staƟsƟcal summa-
ry; (4) the arƟcle was wriƩen in English; and (5) a full-text version of the arƟcle was available.

In
c
lu
d
e
d

E
li
g
ib
il
it
y

S
c
re
e
n
in
g

Id
en

Ɵfi
ca
Ɵo

n

Records excluded

(n = 4127)

Full-text arƟcles excluded
(n = 97)

Records idenƟfied through 
database searching

(n = 5060)

Records aŌer duplicates
removed

(n = 4298)

Records screened 

Ɵtle/abstract
(n = 4298)

Full-text arƟcles 
assessed for eligibility

(n = 171)

Studies included  

(n=74)

                                        Figure 1: PRISMA Ňowchart of search and selecƟon process.

Methodological Quality of Selected Studies 

The methodological quality of studies evaluaƟng structural validity, internal constency, con-
struct validity, or responsiveness were assessed via the COSMIN RoB checklist. 15–17 Box 3 was 
used for structural validity, box 4 for internal consistency, box 9a for construct validity, and 
box 10 for responsiveness. Although the COSMIN RoB checklist was primarily developed for 
paƟent-reported outcome measures (PROMs), it can also be used to evaluate performance‐
based outcome measurement instruments (PerFOMs). 14 
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The methodological quality of studies evaluaƟng reliability and measurement error was as-

sessed via the extended COSMIN RoB designed for performance-based measurement isntru-

ments (PerfOMs). 14 In this extended COSMIN RoB Tool, both Part A: Elements of a compre-

hensive research quesƟon and Part B: Assessing risk of bias were applied independently by 3 
researchers (BB, ES, RB). If a consensus could not be reached, a fourth researcher (MeH) was 
consulted whom made the Įnal decision. 

The assessment procedure for the COSMIN Risk of Bias checklist involves a 4-point scale 
scoring each item as very good, adequate, doubƞul, or inadequate. The ‘worst score counts’ 
method was applied, meaning that the overall raƟng of the quality of each study is deter-
mined by the lowest raƟng on any standard in the box. 15–17

Measurement ProperƟes DeĮniƟons
In the COSMIN taxonomy,22 reliability refers to the proporƟon of the total variance in the 
measurements which is due to true diīerences between individuals, and measurement error 
refers to the systemaƟc and random error of an individual’s score that is not aƩributed to true 
changes in the construct to be measured. Internal consistency evaluates the degree of inter-
relatedness among items for tests composed of several subscales. Within the validity domain, 
structural validity and construct validity were considered. Structural validity is the degree 
to which the test results are an adequate reŇecƟon of the construct to be measured, while 
construct validity, reŇects how well a test compares with another test measuring the same 
construct. Construct validity was used instead of criterion validity, the degree to which the 
score on a test is an adequate reŇecƟon of a gold standard, since there is no generally accept-
ed standard for evaluaƟng power training in older adults. Finally, responsiveness is the ability 
of a measurement instrument to detect a change over Ɵme in the construct to be measured. 

Data ExtracƟon
Data and study characterisƟcs were extracted from each of the included studies and man-

ually entered into MicrosoŌ Excel by three reviewers (BB, ES, RB). Data for reliability and 
responsiveness are summarized in Appendix 2 and validity results are summarized in Ap-

pendix 3. Results of the studies were then classiĮed as evidence for reliability, validity, and 
responsiveness in Table 1. For the sake of clarity and consistency, measurement properƟes 
were recategorized to what was factually measured according to the COSMIN Taxonomy of 
Measurement ProperƟes. Measurement properƟes that did not Įt any of the COSMIN deĮni-
Ɵons for measurement properƟes were excluded.
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RaƟng of Measurement ProperƟes 
Each test was given a quality raƟng based on number and methodological quality of included 
studies using Terwee et al.’s ModiĮed Quality Criteria for RaƟng the Results of Measurement 
ProperƟes checklist. 23 This checklist was modiĮed from its original purpose of evaluaƟng 
health status quesƟonnaires in collaboraƟon with its authors, to provide explicit criteria to 
criƟcally appraise and score measurement properƟes of performance tests and tools. This 
tool rates criteria related to the validity, reliability, and responsiveness as posiƟve (+), nega-
Ɵve (-), or undetermined (?), which are then used to determine the overall level of evidence 
for the quality of measurement properƟes. The level of evidence was rated as ‘strong’ when 
a performance test or tool scored three posiƟves (+++) or three negaƟves (---), as ‘moder-
ate’ with 2 posiƟves (++) or 2 negaƟves (--), as ‘limited’ with one posiƟve (+) or negaƟve (-), 
as ‘conŇicƟng’ with a mixture of posiƟves (+) and negaƟves (-), and as ‘unknown’ when no 
studies were available. 

Within the validity domain of Terwee’s checklist, columns for content validity and cross-cul-
tural validity were deemed irrelevant as these forms of validity do not apply to perfor-
mance-based outcome measurements, and thus scored as ‘not applicable’. Criterion validity 
was also scored as ‘not applicable’, because there is no accepted ‘golden standard’ to which 
the tests can be compared. 

Results

Search and Study SelecƟon
The literature search generated a total of 5060 references: 1266 in PubMed, 1393 in Embase, 
1903 in CINAHL, 295 in APA PsycInfo and 203 in SPORTDiscus. Reference checking did not 
lead to any further unique arƟcles. Following the removal of duplicates, 4298 references 
were screened based on Ɵtle and abstract, of which 171 references conƟnued to full-text 
screening. During this phase, 97 arƟcles were excluded on the basis of eligibility criteria, leav-
ing a total of 74 arƟcles included in the present review. Figure 1 summarizes the search and 
selecƟon process in a PRISMA Ňow diagram.

The 74 included studies evaluated measurement properƟes for 15 of the pre-idenƟĮed 24 
tests, as shown in Figure 2. Nine of the 15 tests showed promising results and are covered 
in this review in greater detail. Within the reliability domain, 60 of the included studies eval-
uated reliability, 42 studies evaluated measurement error, and only one study evaluated the 
internal consistency of tests. Within the validity domain, 24 studies evaluated construct va-
lidity and Įve studies evaluated structural validity. The responsiveness of tests was evaluated 
in Įve studies. 
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Tests used to evaluate power training 
idenƟĮed in a previous systemaƟc review

1. 1-RM Strength Tests
2. IsokineƟc dynamometers
3. Short Physical Performance BaƩery
4. ConƟnuous-Scale Physical FuncƟonal     
     Performance Test
5. Timed Chair Stand
6. 5-Ɵmes Sit to Stand
7. 30-seconds Sit to Stand
8. Siƫng-Rising Test
9. Countermovement Jump
10. Squat jump
11. Medicine Ball Throw
12. 6-minute Walk Test 
13. 6-meter Timed Walk Test
14. 10-meter Timed Walk Test
15. 400-meter Timed Walk Test
16. Timed Up and Go Test
17. 8-foot Up-and-Go Test 
18. FuncƟonal Gait Assessment 
19. Timed Balance Test
20. Four Square Step Test 
21. Wingate Test
22. Stair Climb Test
23. 30-seconds FuncƟonal Strength Test
24. GymAware power Tool 

Tests included in the present study

1. 1-RM Strength Tests
	 a. 1-RM bench/chest press
	 b. 1-RM leg press
	 c. 1-RM leg/knee Ňexion
	 d. 1-RM leg/knee extension
	 e. 1-RM arm pull
	 f.  1-RM preacher curl
	 g. 1-RM lat pull
	 h. 1-RM pull down machine
2. IsokineƟc dynamometers
 	 a. Isometric ankle Ňexion
	 b. Isometric ankle extension
	 c. Isometric knee Ňexion
	 d. Isometric knee extension
	 e. Isotonic ankle Ňexion
	 f.  IsokineƟc ankle Ňexion
	 g. IsokineƟc ankle extension
	 h. IsokineƟc knee Ňexion
	 i.  IsokineƟc knee extension
3. Short Physical Performance BaƩery
4. ConƟnuous Scale Physical FuncƟonal 
     Performance Test 
5. 5-Ɵmes Sit to Stand 
6. 30-seconds Sit to Stand 
7. Countermovement jump 
8. 6-minute Walk Test
9. 10-meter WalkTest 
10. Timed Up and Go Test 
11. 8-foot Up and Go Test 
12. FuncƟonal Gait Assessment 
13. Four Square Step Test 
14. Stair Climb Test 
15. GymAware Power Tool

Figure 2:  Previously-idenƟĮed tests used to evaluate power training and tests included in the present study

Methodological Quality of Selected Studies

An overview of the methodological quality of the included studies according to the COSMIN 
Risk of Bias checklist is given in Table 1. Of the 60 studies that reported reliability, Įve studies 
had very good methodological quality, two studies were adequate, 38 studies were doubƞul, 
and 15 studies were inadequate. Of the 42 studies that reported on measurement error, four 
studies had very good methodological quality, three studies were adequate, 24 studies were 
doubƞul, and 11 studies were inadequate. The high number of ‘doubƞul’ raƟngs was mainly 
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due to a lack of reporƟng on whether the individuals administering and scoring the perfor-
mance test were blinded to previous results (standards 4 and 5 in the extended COSMIN RoB 
tool to assess the quality of studies on reliability and measurement error). The single study 
that evaluated internal consistency had very good methodological quality. 24

Within the validity domain, Įve studies evaluated structural validity, of which two studies 
had adequate methodological quality and three studies were rated as doubƞul as a result of 
unclear rotaƟon methods in the factor analysis. Of the 24 studies that evaluated construct 
validity, Įve studies had very good methodological quality, six studies were adequate, two 
studies were doubƞul, and 11 studies were inadequate. All of the studies that were declared 
inadequate lacked informaƟon on measurement properƟes of the comparaƟve test. Of the 
Įve studies that reported responsiveness, one study had good methodological quality, three 
studies were doubƞul, and one study was inadequate.

RaƟng of Measurement ProperƟes
The overall raƟng of each test according to the Terwee criteria 23 is summarized in Table 2. 

On the basis of these Įndings, the 1-RM bench press, 1-RM leg press, 5-Ɵmes Sit to Stand (5-
STS), 30-seconds Sit to Stand, countermovement jump, 6-minute Walk Test (6-MWT), 10-me-

ter walk test (10-MWT), Timed Up and Go (TUG) test, and Stair Climb Test are recommended
for use in the evaluaƟon of power training eīects in older adults. The transfer to acƟviƟes of 
daily life may be more problemaƟc for isolated movements than for funcƟonal movements 
as the laƩer more closely mimic real-life movements. Even so, isolated movement tesƟng, 
such as muscle strength tesƟng for speciĮc muscle groups, had relaƟvely high reliability and 
validity. In contrast, funcƟonal tesƟng can be more diĸcult to design and may have more 
varied results. For example, a simple funcƟonal test like a chair stand test can be limited by 
lower body strength or power, but it does predict physical performance in older adults. The 
Short Physical Performance BaƩery (SPPB) is excluded from the recommendaƟon despite its 
posiƟve raƟng because this test has a ceiling eīect. 

Reliability

All of the tests recommended to evaluate the eīects of power training in older adults met 
Terwee’s criteria for strong posiƟve reliability (3 or more studies with ICC/weighted kappa 
>0.70 or Pearson's r  >0.80). Despite this, three studies were found in which several recom-

mended tests showed moderate reliability. In Ostchega et al.,66 the 5-STS had a test-retest 
ICC of 0.64, and in Rockwood et al.,72 the TUG had a test-retest ICC of 0.56. Moreover, the 
peak power/body mass (W/Kg) esƟmated from a countermovement jump showed moderate 
reliability between sessions (ICC: 0.62) for men.37
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None of the recommended tests met Terwee’s criteria for measurement error (MIC > SDC 
or MIC outside of LOA) as the minimal important important change (MIC) was not reported 
in any of the studies. The studies quanƟĮed measurement error using the standard error of 
measurement (SEM), smallest detectable change (SDC), limits of agreement (LoA), and the 
coeĸcient of variaƟon (CV). Note that we also used the term SDC where original studies 
used minimal detectable change (MDC), minimal detectable diīerence (MDD), and small-
est real diīerence (SRD), as these are calculated in the same way. As a result, the raƟng for 
measurement error was ‘unknown’ for all tests, but in an eīort to be more forthcoming 
in the Įndings, these staƟsƟcal results will be discussed below. The TUG had consistently 
low measurement errors for both test-retest (SEM: 0.04 to 1.20 seconds; SDC: 0.37 to 3.01; 
LoA: 0.02 to 0.05) and inter-rater measurement error (LoA: 0.06). Measurement errors were 
also small but less consistent for the 10-MWT (SEM: 0.14 seconds, SDC95: 0.13 to 0.40 sec-
onds), Ɵmed stair climb (SEM: 1.06 to 1.98 seconds), and 5STS (SEM: 0.76 to 1.98; SDC95: 
2.10 to 2.91). Values were slightly higher for the CMJ (SDC: 3.2 to 444.7; SDC%: 14.9% to 
19.3%) and the 30-sec STS for both test-retest (SEM: 0.85 to 1.32; SEM%: 18%; SDC: 2.68 to 
3.67; SDC%: 27.0% to 49.0%) and inter-rater measurement error (SDC: 567; SDC%: 16%). The 
6-MWT had conŇicƟng results, with some studies reporƟng small measurement errors (SEM: 
9.88 to 14.84 seconds, 2.5% to 5%), while other studies reported large measurement errors 
(SEM: 31.0 to 34.0 seconds; LoA: -67.0 to 120.0). Measurement errors were also conŇicƟng 
for 1RM strength tests, ranging from small errors for the bench press (SEM: 1.71; LoA: −48.34 
to 36.45; %CV: 4.9 to 7.9), to relaƟvely large errors for the leg press (LoA: −371.42 to 236.10; 
%CV: 4.2 to 6.3). 

Internal consistency was not assessed in any of the recommended tests, only in the CS-PFP 
which had a limited posiƟve raƟng for internal consistency (Cronbach’s alpha: 0.96 to 0.97). 

Validity

Structural validity was not assessed in any of the recommended tests, only in the FuncƟonal 
Gait Assessment (FGA) test and the SPPB. The FGA had limited posiƟve raƟng for structural 
validity because a single study explained 53.3% of variance through a factor analysis 58, while 
the raƟng for SPPB was unknown because the explained variance was not reported.

Construct validity was assessed more frequently. Of the recommended tests, the 1-RM bench 
press, 1-RM leg press, 6-MWT, and 10-MWT had a limited posiƟve raƟng for construct validity 
(1 study in which correlaƟon with an instrument measuring the same construct was >0.5). 
The TUG had a conŇicƟng raƟng for construct validity, meaning that some studies found cor-
relaƟons >0.5 and some did not.
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Responsiveness
The Terwee criterion for responsiveness was: a) correlaƟon with an instrument measuring 
the same construct is >0.5; or b) at least 75% of the results are in accordance with the hy-

potheses; or c) AUC >0.7 and correlaƟon with related constructs is higher than with unrelated 
constructs. None of the recommended tests met this criterion. In fact, responsiveness was 
only assessed in the 30-seconds Sit to Stand, the Stair Climb Test, and the TUG. The 30-sec-

onds Sit to Stand fulĮlled 44% of a priori hypotheses, while the Stair Climb Test fulĮlled 36% 
of a priori hypotheses. With regard to the TUG, responsiveness was quanƟĮed using a stand-

ardized response mean (SRM) and responsiveness index (RI): Brooks et al.32 reported an SRM 
of 1.1 while van Iersel et al.91 found an SRM of 0.9 (1.1%), and RI of 1.9 (2.6%), and an eīect 
size of 0.1. As a result, the 30-seconds Sit to Stand, the Stair Climb Test, and the TUG all re-

ceived a limited negaƟve raƟng for responsiveness. 

Discussion

A previous systemaƟc review showed that a wide variety of diīerent tests and outcome 
measures have been used interchangeably without disƟnguishing between various domains. 
10 This review categorized 24 previously-idenƟĮed tests using the ICF framework to provide a 
structured and in-depth analysis of the tests used to measure the eīects of power training. 
Of the 24 previously idenƟĮed tests, literature on measurement properƟes was available for 
only 15 tests. Our Įndings suggest that while a majority of tests exhibited good reliability 
(ICC or correlaƟon >0.7), the validity and responsiveness of each of the tests were poorly 
described or not invesƟgated. Thus, it remains unclear whether the tests truly measure the 
construct or outcome they are intended to measure and whether the tests are able to pick up 
a change in performance over Ɵme. The methodological quality of the majority of the studies 
reporƟng on measurement properƟes was doubƞul or insuĸcient as well, possibly because 
several studies had been conducted prior to publicaƟon of the guidelines on conducƟng and 
reporƟng such studies. Based on these Įndings, a recommendaƟon of tests used to measure 
the eīects of power training in older adults can be made for the Ɵme being. Aiming to cover 
each of the ICF domains, this review suggests 1-RM bench press, 1-RM leg press, and the CMJ 
for funcƟon domain; and the 6-MWT, 10-MWT, the Stair Climb Test, 5-STS, 30-seconds Sit to 
Stand, and the TUG for the acƟvity domain. No recommendaƟons can be provided for the 
parƟcipaƟon domain based on this review. Several of these tests have been recommended in 
other populaƟons as well. In paƟents with hip and knee arthriƟs, the 30-seconds Sit to Stand 
and TUG were the best rated Sit to Stand tests 98 and the 6-MWT was recommended to as-

sess the funcƟonal status of paƟents with chronic obstrucƟve pulmonary disorder (COPD). 99
 

Overall, further research is needed to provide informaƟon on the tests used to measure the 
eīects of power training in older adults.
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Measurement properƟes are not the sole factor that determine which tests are appropriate 
when evaluaƟng eīects of power training in older adults. SpeciĮc to measuring muscle pow-
er, it is crucial to criƟcally assess whether the tests reŇects the construct of muscle power. 
Muscle power is the product of muscle force and contracƟon velocity, and thus, tests chal-
lenging the force and velocity component of the movement simultaneously should be uƟ-
lized. Commonly used strength tests, such as isometric or 1RM strength tests, capture muscle 
force but do not take velocity of movement into account. While force or velocity alone can 
be used as a proxy for power, proxies are rarely as accurate as actual measurements and ef-
fect esƟmates based on proxies may limit our understanding of improvements in power and 
resulƟng eīects on performance with training. 

AddiƟonally, in tests that uƟlize a scoring system, it is important to be aware of a ceiling eīect 
that may prohibit an accurate eīect esƟmaƟon. The SPPB, for example, is a generic measure-
ment instrument with scores ranging from 0 to 12 or 16 points, and has been used to make an 
inference about physical performance or funcƟonal status in previous research. However, it is 
diĸcult to measure an eīect of the intervenƟon if a parƟcipant already scores a 9 at baseline. 
For this reason, the SPPB was not included in the list of recommended tests.

To the best of our knowledge, this is the Įrst systemaƟc review to summarize the meas-
urement properƟes of tests used to evaluate the eīects of power training in older adults. 
We included a wide range of studies while rigorous assessment criteria in the COSMIN RoB 
ensured that a high methodological quality was pursued throughout this review. This review 
evaluated tests that were categorized within the funcƟon and acƟviƟes domain of the ICF, 
which provided a more complete picture of the tests and a more in-depth understanding 
of how these tests were used. However, for results to be most relevant to older adults, it is 
important that changes also occur within the parƟcipaƟon domain. As such, the eīects of 
power training have been measured by performance tests that evaluate an individual’s ability 
to perform an acƟvity or movement within a clinical or research seƫng. Yet, researchers are 
oŌen actually interested whether the eīect of power training translates into increased par-
ƟcipaƟon and increased independence. In short, there is a discrepancy between the outcome 
that is currently being measured by tests (funcƟon and acƟvity) and the outcome that we 
are actually interested in (parƟcipaƟon). Future research into the eīects of power training 
should employ methods for outcome assessment within a parƟcipant’s home environment 
to see how improved capacity translate to increased parƟcipaƟon in daily tasks and acƟviƟes. 
Tests or devices that are able to measure the change of velocity, such as accelerometers, can 
provide a soluƟon for measuring within the parƟcipaƟon domain. Accelerometers were not 
included in the present review because these devices have not yet been used to evaluate 
the eīects of power training in older adults. Covering each of the ICF domains will make it 
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possible to more accurately determine whether power training is eīecƟve and to which ICF 
domain this eīect relates. Further research is needed to gain expert consensus on the cat-
egorizaƟon of tests within ICF domains and evaluate whether there are other or addiƟonal 
tests that should be use to measure the eīects of power training in older adults. 

LimitaƟons
This review encountered several limitaƟons. While the use of the ICF framework facilitated 
speciĮc insights into the eīects of power training on various domains of the ICF, categorizing 
tests into ICF domains can be considered arƟĮcial as some tests may cover mulƟple domains. 
AddiƟonally, some tests that are relevant for evaluaƟng the eīects of power training may not 
fully be covered by the ICF categories. These limitaƟons may inŇeunce the interpretaƟon and 
generalizaƟon of study Įndings. With regard to the availability of relevant literature, tests 
that performed best were studied most oŌen while tests that performed poorly were stud-
ies less oŌen. This may not necessarily reŇect the measurement properƟes of the test, but 
could also be the result of publicaƟon bias. It is important to diīerenƟate between tests that 
scored low as a result of inadequate measurement properƟes and tests that scored low as 
a result of insuĸcient research. In the data extracƟon process, the type and amount of data 
on measurement properƟes varied largely between studies, making comparibility between 
studies more diĸcult. For example, SEM esƟmates were not providedly consistently in each 
study, and if they were reported, conĮdence intervals were oŌen omiƩed. Furthermore, the 
present study focused on the tests used to evaluate power training in older adults and only 
included literature in which measurement properƟes were evaluated in older adults as well. 
This may have contributed to a lack of research for some tests. It is likely that more literature 
is available on measurement properƟes of the included tests applied to younger populaƟons, 
but the quesƟon remains how transferable these results are to older populaƟons. Lastly, we 
acknowledge that the PROSPERO registraƟon of this study occurred aŌer the Įrst systemaƟc 
search, which ideally, would have taken place before the systemaƟc search.

Conclusions

Aiming to cover each of the ICF domains, this review suggest the 1-RM bench press, 1-RM leg 
press, and CMJ for the funcƟon domain; and the 6-MWT, 10-MWT, Ɵmed stair climb, 5-STS, 
30-seconds Sit to Stand, and TUG for the acƟviƟes domain. No recommendaƟons can be 
made for the parƟcipaƟon domain at this Ɵme.
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Appendix 1: Search string used in PubMed 

Search	 Query

#7	 #5 AND #6

#6	 "ValidaƟon study"[pt] OR "Reproducibility of results"[Majr] OR "SensiƟvity and SpeciĮcity"[-

Majr] OR valid*[Ɵ] OR reliab*[Ɵ] OR reproduc*[Ɵ] OR sensiƟvity[Ɵ] OR speciĮcity[Ɵ] OR responsiv*[Ɵ] 

OR valid*[ot] OR reliab*[ot] OR reproduc*[ot] OR sensiƟvity[ot] OR speciĮcity[ot] OR responsiv*[ot]

#5	 #3 AND #4

#4	 "Aged"[Mesh] OR elder*[tw] OR eldest[tw] OR frail*[tw] OR geriatri*[tw] OR "old age*"[-

Ɵab] OR "oldest old*"[Ɵab] OR senior*[Ɵab] OR senium[Ɵab] OR "very old*"[Ɵab] OR septuagenari-

an*[Ɵab] OR octagenarian*[Ɵab] OR octogenarian*[Ɵab] OR nonagenarian*[Ɵab] OR centarian*[Ɵab] 

OR centenarian*[Ɵab] OR supercentenarian*[Ɵab] OR "older people"[Ɵab] OR "older subject*"[Ɵab] 

OR "older paƟent*"[Ɵab] OR "older age*"[Ɵab] OR "older adult*"[Ɵab] OR "older man"[Ɵab] OR 

"older men"[Ɵab] OR "older male*"[Ɵab] OR "older woman"[Ɵab] OR "older women"[Ɵab] OR "older 

female*"[Ɵab] OR "older populaƟon*"[Ɵab] OR "older person*"[Ɵab] OR "older individual*"[Ɵab] 

OR "Middle Aged"[Mesh] OR "middle age*"[Ɵab] OR "aged 50"[Ɵab] OR "aged 60"[Ɵab] OR "aged 

70"[Ɵab] OR "aged 80"[Ɵab] OR "aged 90"[Ɵab] OR "aged 100"[Ɵab] OR "over 50"[Ɵab] OR "over 

60"[Ɵab] OR "over 70"[Ɵab] OR "over 80"[Ɵab] OR "over 90"[Ɵab] OR "over 100"[Ɵab] OR "50 years 

and older"[Ɵab] OR "60 years and older"[Ɵab] OR "70 years and older"[Ɵab] OR "80 years and older"[-

Ɵab] OR "90 years and older"[Ɵab] OR "100 years and older"[Ɵab] OR "50 years and over"[Ɵab] OR 

"60 years and over"[Ɵab] OR "70 years and over"[Ɵab] OR "80 years and over"[Ɵab] OR "90 years and 

over"[Ɵab] OR "100 years and over"[Ɵab] OR "50 year and older"[Ɵab] OR "60 year and older"[Ɵab] 

OR "70 year and older"[Ɵab] OR "80 year and older"[Ɵab] OR "90 year and older"[Ɵab] OR "100 year 

and older"[Ɵab] OR "50 years or older"[Ɵab] OR "60 years or older"[Ɵab] OR "70 years or older"[Ɵab] 

OR "80 years or older"[Ɵab] OR "90 years or older"[Ɵab] OR "100 years or older"[Ɵab] OR "50 years or 

over"[Ɵab] OR "60 years or over"[Ɵab] OR "70 years or over"[Ɵab] OR "80 years or over"[Ɵab] OR "90 

years or over"[Ɵab] OR "100 years or over"[Ɵab] OR "50 year or older"[Ɵab] OR "60 year or older"[-

Ɵab] OR "70 year or older"[Ɵab] OR "80 year or older"[Ɵab] OR "90 year or older"[Ɵab] OR "100 year 

or older"[Ɵab] OR "older than 50"[Ɵab] OR "older than 60"[Ɵab] OR "older than 70"[Ɵab] OR "older 

than 80"[Ɵab] OR "older than 90"[Ɵab] OR "older than 100"[Ɵab]

#3	 #2 NOT ("quesƟonnaire*"[tw] OR "address"[PT] OR "biography"[PT] OR "case reports"[PT] 

OR "comment"[PT] OR "directory"[PT] OR "editorial"[PT] OR "festschriŌ"[PT] OR "interview"[PT] OR 

"lecture"[PT] OR "legal case"[PT] OR "legislaƟon"[PT] OR "leƩer"[PT] OR "news"[PT] OR "newspaper 

arƟcle"[PT] OR "paƟent educaƟon handout"[PT] OR "popular work"[PT] OR "congress"[PT] OR "con-
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sensus development conference"[PT] OR "consensus development conference, nih"[PT] OR "pracƟce 

guideline"[PT]) NOT ("Animals"[MeSH] NOT "Humans"[MeSH])

#2	 #1 NOT (("Adolescent"[Mesh] OR "Child"[Mesh] OR "Infant"[Mesh] OR adolescen*[Ɵab] 

OR child*[Ɵab] OR schoolchild*[Ɵab] OR infant*[Ɵab] OR girl*[Ɵab] OR boy[Ɵab] OR boys[Ɵab] OR 

teen[Ɵab] OR teens[Ɵab] OR teenager*[Ɵab] OR youth*[Ɵab] OR pediatr*[Ɵab] OR paediatr*[Ɵab] 

OR puber*[Ɵab] OR minors[Ɵab]) NOT ("Adult"[Mesh] OR adult*[Ɵab] OR man[Ɵab] OR men[Ɵab] OR 

woman[Ɵab] OR women[Ɵab]))

#1	 "Walk Test"[Mesh] OR "Muscle Strength Dynamometer"[Mesh] OR "muscle dynamomet*"[-

Ɵab] OR "muscular dynamomet*"[Ɵab] OR "isokineƟc dynamomet*"[Ɵab] OR "Biodex*"[Ɵab] OR 

"IKD"[Ɵab] OR "Dynaport*"[Ɵab] OR "MoveMonitor*"[Ɵab] OR "McRoberts*"[Ɵab] OR "GymAware"[-

Ɵab] OR "Short Physical Performance BaƩery"[Ɵab] OR "SPPB"[Ɵab] OR "Short Performance Physical 

BaƩery"[Ɵab] OR "1RM"[Ɵab] OR "1-RM"[Ɵab] OR "One RepeƟƟon"[Ɵab] OR "Chair Stand"[Ɵab] OR 

"Five Times Sit to Stand"[Ɵab] OR "5 Times Sit to Stand"[Ɵab] OR "FTSST"[Ɵab] OR "30 Seconds Sit 

to Stand"[Ɵab] OR "30 Second Sit to Stand "[Ɵab] OR "Thirty Seconds Sit to Stand"[Ɵab] OR "Thir-

ty Second Sit to Stand"[Ɵab] OR "30-s Sit to Stand"[Ɵab] OR "Counter Movement Jump*"[Ɵab] OR 

"Countermovement Jump*"[Ɵab] OR "CMJ"[Ɵab] OR "Medicine Ball"[Ɵab] OR "walk test*"[Ɵab] OR 

"6 minute walk"[Ɵab] OR "6 minutes walk"[Ɵab] OR "6minute walk"[Ɵab] OR "6 min walk"[Ɵab] OR 

"6min walk"[Ɵab] OR "six min walk"[Ɵab] OR "six minute walk"[Ɵab] OR "six minutes walk"[Ɵab] OR 

"sixminute walk"[Ɵab] OR "6 meter Ɵmed walk"[Ɵab] OR "6 meter walk"[Ɵab] OR "six meter walk"[-

Ɵab] OR "6 m walk"[Ɵab] OR "6m walk"[Ɵab] OR "6MWT"[Ɵab] OR "6-MWT"[Ɵab] OR "10 meter Ɵmed 

walk"[Ɵab] OR "10 meter walk"[Ɵab] OR "ten meter walk"[Ɵab] OR "10 m walk"[Ɵab] OR "10m walk"[-

Ɵab] OR "10MWT"[Ɵab] OR "10-MWT"[Ɵab] OR "400 meter walk"[Ɵab] OR "400 m walk"[Ɵab] OR 

"400m walk"[Ɵab] OR "Up and Go Test*"[Ɵab] OR "Up & Go Test*"[Ɵab] OR "Time Up and Go"[Ɵab] 

OR "Timed Up and Go"[Ɵab] OR "Timed Up & Go"[Ɵab] OR "Get Up and Go"[Ɵab] OR "TGUG"[Ɵab] 

OR "TGUGT"[Ɵab] OR "8 Foot Up-and-Go"[Ɵab] OR "8 Ft Up-and-Go"[Ɵab] OR "Squat Jump*"[Ɵab] 

OR "Jump Squat*"[Ɵab] OR "Timed Balance"[Ɵab] OR "Wingate"[Ɵab] OR "Siƫng-Rising"[Ɵab] OR 

"Rising-Siƫng"[Ɵab] OR "Stair Climb*"[Ɵab] OR "Four Square Step"[Ɵab] OR "Four Step Square"[Ɵab] 

OR "4 Square Step"[Ɵab] OR "4 Step Square"[Ɵab] OR "FSST"[Ɵab] OR "Square Step Test*"[Ɵab] OR 

(("30-s"[Ɵab] OR "30 second*"[Ɵab]) AND test*[Ɵab]) OR "10 m walking"[Ɵab] OR "10m walking"[-

Ɵab] OR "10 meter walking"[Ɵab] OR "ten meter walking"[Ɵab] OR "maximal walking speed"[Ɵab] OR 

"ConƟnuous Scale Physical FuncƟon*"[Ɵab] OR "CS-PFP"[Ɵab] OR "FuncƟonal Gait Assessment"[Ɵab] 

OR "funcƟonal strength measurement*"[Ɵab] OR "wearable inerƟal sensor*"[Ɵab]
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Abstract

Background: Studies evaluaƟng the eīects of power training in older adults use a variety of 
measurement tools and outcome parameters, limiƟng the comparability of results between 
studies and calling the validity of conclusions into quesƟon. This study aimed to idenƟfy a 
core outcome set (COS) of measurement instruments to evaluate the eīects of power train-
ing in older adults, encompassing ICF health domains.

Methods: Twenty-one previously-idenƟĮed tests were evaluated regarding their ability to 
measure the concept of muscle power and evaluate the eīects of power training. Our meth-
odology consisted of two Delphi survey rounds and an expert panel meeƟng using a modiĮed 
Nominal Group Technique. The COS consisted of tests considered most feasible for use in 
clinical pracƟce and least burdensome for older adults.

Results: The COS, aligning with ICF health domains, included the Squat Jump Test and Timed 
Up-and-Go Test for the funcƟon and acƟviƟes domain, respecƟvely. There was no speciĮc 
test idenƟĮed for the parƟcipaƟon domain, however, experts proposed using daily-life accel-
erometery unƟl more suitable outcome measures are deĮned and validated.

Conclusions: This study addresses a criƟcal research gap in standardized assessment proto-
cols, and contributes to a mulƟfaceted approach to measuring the impact of power training 
in older adults.

Keywords: power training; older adults; core outcome set; Delphi; consensus
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IntroducƟon

As the global populaƟon ages, it becomes increasingly important to implement eīecƟve 
strategies to sustain physical funcƟoning and foster funcƟonal independence among older 
adults.1–3 One such strategy focuses on a crucial element of physical funcƟoning, namely, 
muscle power, which reŇects the capacity of muscles to generate high levels of force while 
contracƟng rapidly.4–6 Previous research has named muscle power as a discriminaƟve varia-

ble in the natural decline of physical funcƟoning associated with ageing. Muscle power de-

clines faster with age than muscle strength,7–11 and is essenƟal for maintaining and improving 
physical funcƟoning as it directly inŇuences an individual's ability to perform daily acƟviƟes 
and engage in physical exercise.12,13 AddiƟonally, muscle power allows for quick reacƟons to 
prevent falls aŌer stumbling or losing balance.14 Examples from everyday life where muscle 
power plays an important role include acƟviƟes such as rising from a chair, climbing a Ňight of 
stairs, or liŌing objects from the ground. 

One of the most eīecƟve strategies for maintaining and improving muscle power is progres-

sive power training, a type of exercise focused on quick muscle contracƟons and explosive 
movements.15,16 Studies indicate that older adults who parƟcipate in power training demon-

strate enhanced muscular power as well as improved physical funcƟoning and physical per-
formance.17–20 However, the interpretaƟon of these Įndings is hindered by several limitaƟons. 
First, studies evaluaƟng the eīects of power training in older adults used a wide selecƟon 
of measurement tools and outcome parameters, which limits direct comparison of results 
between studies. A recent review found consistent challenges in the reliability, validity, and 
responsiveness of the tests used to assess the eīects of power training in older adults,21 

highlighƟng the need for further research to idenƟfy measurement instruments with suĸ-

cient clinimetrics.  Second, there is a discrepancy between the domains in which outcomes 
are measured and conclusions are drawn. For instance, muscle power may be measured at 
the body funcƟon level of the InternaƟonal ClassiĮcaƟon of FuncƟoning, Disease, and Health 
(ICF), but interpretaƟons are oŌen made at the acƟvity or parƟcipaƟon level, without clear 
jusƟĮcaƟon for this extrapolaƟon. Changes in muscle power may inŇuence an individual’s 
ability to perform speciĮc tasks (acƟviƟes) and engage in daily life and societal acƟviƟes (par-
ƟcipaƟon), but this depends on many factors beyond muscle power alone and requires care-

ful evaluaƟon. 

The interconnected nature of ICF health domains necessitates a comprehensive approach to 
assessing the eīects of power training on physical funcƟoning in older adults. In this study, 
we aimed to reach a consensus on a core outcome set of measurement instruments that 
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can be used to evaluate the eīects of power training in older adults. This core outcome set 
should cover the funcƟon, acƟviƟes, and parƟcipaƟon domains of the ICF.

Methods

Study Design

The development of a core outcome set to measure the eīects of power training in older 
adults was achieved using two consensus group methodologies, namely the Delphi technique 
for survey rounds 1 and 2, followed by an expert panel meeƟng using a modiĮed Nominal 
Group Technique (m-NGT).22,23 The NGT is a method for structuring expert meeƟngs aimed at 
gathering informaƟon and achieving consensus on a pre-speciĮed topic, with a speciĮc focus 
on a singular objecƟve.22,24 In this study, adjustments were made to the manner in which ex-

perts were assigned tasks to facilitate a beƩer evaluaƟon and categorizaƟon of measurement 
instruments across the ICF domains. This is explained more thoroughly under the header 
Ɵtled expert panel meeƟng.

The study uƟlized a workgroup comprising Įve members, including two members from the 
research team (MeH and FM) and three clinical experts specializing in geriatric care (TE, EN, 
and RP). Ethical approval and parƟcipant consent for our Delphi process and expert meet-
ing was not required based on the Dutch Medical Research Involving Human Subjects Act 
(WMO). 

SelecƟon of ParƟcipants
ParƟcipants were recruited within the professional networks of Vrije Universiteit Amsterdam 
and Hogeschool Utrecht (University of Applied Sciences Utrecht). AddiƟonal parƟcipants 
were enlisted by consulƟng established experts in the Įeld, who recommended peers with 
relevant experƟse. This snowball sampling method allowed for a wide spectrum of experƟse 
across all stakeholders involved in training and treatment of older adults, ensuring a diverse 
and well-balanced representaƟon of knowledge and skills. To be eligible for inclusion, par-
Ɵcipants had to have: a) a minimum of 5 years of clinical experience in physical therapy or 
experience conducƟng research related to power training, exercise physiology, sports perfor-
mance, physiotherapy care, or geriatrics; and b) possession of a postgraduate degree (Master 
or PhD) in one of the aforemenƟoned Įelds or a related discipline, and specialized in one of 
the areas under invesƟgaƟon.25,26 

The recruitment process consisted of three phases: (1) distribuƟon of formal wriƩen invita-

Ɵons to idenƟĮed experts; (2) a two-week deliberaƟon period; and (3) personalized follow-up 
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via email and telephone to those who had not responded. We invited 20 parƟcipants for 
Delphi survey rounds 1 and 2 and anƟcipated to receive between 12 to 16 responses.23

 

Study Procedure
Upon accepƟng the invitaƟon, study parƟcipants received an introducƟon leƩer and instruc-

Ɵons for compleƟng the digital Delphi survey between November 2022 and March 2023. 
ParƟcipants were further provided with informaƟon regarding the objecƟve and construct of 
each test, the theoreƟcal framework related to the concepts and ICF domains, and relevant 
terminology (Appendix 1). Reminder calls and emails were sent aŌer 4 and 6 weeks if the 
survey had not yet been returned. The survey remained open for a total of 12 weeks to max-

imize the response rate, but any surveys received aŌer this period were excluded from the 
analysis. This study’s procedural framework is summarized in Figure 1.

Delphi survey rounds 1 and 2

The Delphi survey consisted of two rounds. In the Įrst round, the starƟng point was formed 
by the 21 tests idenƟĮed in a previous systemaƟc review.21 ParƟcipants were asked to: (a) 
respond to the suitability of the test for measuring the eīects of power training; (b) idenƟfy 
which health domain of the ICF the test assessed; and (c) share any addiƟonal tests that they 
recommended for measuring (the eīects of) power training. Following the Įrst Delphi round, 
the workgroup summarized the data: tests with low levels of agreement (<60%) were exclud-

ed from further analyses; tests with uncertain levels of agreement (between 60-70%) or tests 
that were suggested by study parƟcipants in round 1 were carried forward to round 2 of the 
Delphi survey; and tests with >70% agreement were considered to have reached consensus,    

 

and were carried forward to the expert panel meeƟng.

The second round of the Delphi survey was structured and executed in the same manner as 
the Įrst round, but more detailed explanaƟons were provided for each test to resolve any 
unclariƟes that could have contributed to the uncertain levels of agreement. AddiƟonally, 
parƟcipant were asked to which extent the tests were suitable for measuring the concept of 
muscle power. Following Delphi round 2, the workgroup summarized the data: tests with low 
levels of agreement (<60%) were excluded from further analysis, while the remainder of tests 
(both tests with uncertain levels of agreement (60-70%) and tests that achieved consensus 
(<70%) were carried forward to the expert panel meeƟng. In both rounds of the Delphi sur-
vey, parƟcipants had the opportunity to submit remarks to explain their choices or share any 
ambiguiƟes. These remarks were used by the workgroup to improve the work process, and 
also inŇuenced the selecƟon of tests carried forward to the next round (i.e. if several parƟc-

ipants shared their doubt regarding a certain test, this test was carried forward to the next 
round regardless of its level of agreement). 
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Figure 1: Flowchart of study procedural framework.

Delphi Round 1 (N=16, response rate 80%)
Main quesƟons:
   1. To what extent is this test suitable to measure the eīects of power training on muscle funcƟon?
   2. How would you categorize the test within the ICF framework?
   3. From your experƟse, what other test(s) would you recommend for measuring eīects of power 
       training? 

Workgroup (N=5)
   4. Summarize the data collected in round 1 and design the next round of quesƟons.
   5. Address any signiĮcant overlaps, ambiguiƟes, or issues regarding the speciĮcity or breadth of  
       the tests and their respecƟve interpretaƟons.
   6. Discuss discrepancies, integrate new insights from the results, and resolve inconsistencies  
       between Delphi and expert panel inputs, as well as among parƟcipants.

Delphi Round 2 (N=12, response rate 60%)
Main quesƟons:
   1. To what extent is this test suitable to measure the eīects of power training on muscle funcƟon?
   2. How would you categorize the test within the ICF framework?
   3. From your experƟse, what other test(s) would you recommend measuring eīects of power 
       training? 

Workgroup (N=5)
   4. Summarize the data collected in round 1 and design the next round of quesƟons.
   5. Address any signiĮcant overlaps, ambiguiƟes, or issues regarding the speciĮcity or breadth of 
       the tests and their respecƟve interpretaƟons.
   6. Discuss discrepancies, integrate new insights from the results, and resolve inconsistencies 

       between Delphi and expert panel inputs, as well as among parƟcipants

Expert meeƟng (N=6, response rate 30%)
Main quesƟons: 
   1. Clarify any remaining uncertainƟes on tests that achieved consensus
   2. Inventory of opinions/thoughts on the tests and the decisions made to determine whether  
       the concept of muscle power is integral to each test and to accurately categorize each test 
       within the ICF framework. 
   3. CategorizaƟon of tests according to the ICF domains and prioriƟzaƟon using Fibonacci score 

       ranking the tests based on their relevance and importance.

Workgroup (N=5)
   4. Summarize the data collected in round 1 and design the next round of quesƟons.
   5. Address any signiĮcant overlaps, ambiguiƟes, or issues regarding the speciĮcity or breadth of 
       the tests and their respecƟve interpretaƟons.
   6. Discuss discrepancies, integrate new insights from the results, and resolve inconsistencies 

       between Delphi and expert panel inputs, as well as among parƟcipants.



4

105

A Delphi Study

Expert panel meeƟng
All Delphi survey parƟcipants were invited to the expert panel meeƟng organized in June 
2023. AddiƟonally, three members of the research team (MeH, FM and TE) joined the meet-
ing to support the process, but were explicitly instructed not to sway the parƟcipants.23 Prior 

to the expert panel meeƟng, parƟcipants received a digital Įle containing a summary of the 
Delphi survey results, as this knowledge was the starƟng point for the meeƟng.

Following a brief introducƟon and explanaƟon of the purpose of the expert panel meeƟng, 
the structure of the meeƟng was as follows: (a) discussion on whether each tests could meas-

ure the eīect of power training, and if so, categorizaƟon of the test within the ICF domain(s); 
(b) arrangement of the tests into quadrants deĮned by two axes (ICF quadrant). In Figure 2, 

the horizontal axis represents the health domain of the ICF, while the verƟcal axis diīerenƟ-

ates the acƟviƟes domain in terms of capacity and performance; and (3) prioriƟzaƟon of tests 
within ICF quadrants using a Fibonacci Scoring principle. 24 To idenƟfy the most important 
tests for measuring the eīects of power training, each parƟcipant independently assigned 
Fibonacci scores (choosing from the following values: 1, 2, 3, 5, 8, 13, 21, 34 and 55) to a test 
based on: (1) the test’s ability to measure the concept muscle power; (2) the test’s feasibility 
for use in clinical pracƟce; and (3) the test’s feasibility in older adults. If tests received equal 
scores, the workgroup selected the test that was least burdensome.

Figure 2: AllocaƟon of the tests within the ICF quadrant model.
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Results

Study ParƟcipants
Of the 20 invited experts, 16 (80% response rate) responded to the Įrst round of the Delphi 
survey and 12 (75% response rate compared to round 1) responded to the second round 
of the Delphi survey. These parƟcipants included academics (n=4), sports physiotherapists 
(n=4), geriatric physiotherapists (n=4), exercise scienƟsts (n=2), and clinical exercise physi-
ologists (n=2). The four parƟcipants who dropped out of the study following the Įrst survey 
round did so due to limited availability. The names of all 16 panel members are menƟoned 
in the acknowledgements secƟon, and parƟcipant characterisƟcs are summarized in Table 1.

Table 1: ParƟcipant characterisƟcs (N=16).

CharacterisƟcs N (%)
Gender, male 8 (50%)
EducaƟon
     PhD or PhD candidate 8 (50%)
     MSc 8 (50%)
Healthcare providers (sport and geriatric physiotherapist) 7 (44%)
CombinaƟon of research, lecture and clinical pracƟce 9 (56%)
OccupaƟon at the Ɵme of the study
     Academic 4 (25%)
     Sports physiotherapist 4 (25%)
     Geriatric physiotherapist 4 (25%)
     Exercise scienƟst 2 (13%)
     Clinical exercise physiologist 2 (13%)

Delphi Survey Round 1
Of the 21 tests included in the Įrst round of the Delphi survey, nine tests reached consensus 
(agreement level >70%), three tests had uncertain agreement scores (60-70%), and the re-

maining nine tests had low agreement scores (<60%) regarding their suitability for measuring 
the eīects of power training (Table 2). The nine tests that reached consensus were classiĮed 
within the acƟviƟes domain of the ICF. A complete overview of agreement scores per test can 
be found in Appendix 2 and Appendix 3.

A total of eight tests were carried over to the second round of the Delphi survey, which con-

sisted of the three tests with uncertain agreement scores (the Stair Climb Test, 30-sec Func-

Ɵonal Strength Test, and 400-meter Walking Test) and an addiƟonal four tests submiƩed by 
parƟcipants in Delphi survey round 1 (Burpee Test, GymAware Linear PosiƟonal Transducer, 
Margaria-Kalamen Power Test, and daily-life accelerometry). AddiƟonally, some parƟcipants 
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expressed doubts regarding the use of the Sit to Rise test. Despite a clear descripƟon of the 
test in the survey, diīerent interpretaƟons had led to quesƟons surrounding the test’s ability 
to measure muscle power. To clear any ambiguiƟes among respondents, the Sit to Rise test 
was also included in the second round of the Delphi survey.

Delphi Survey Round 2
Of the eight tests included in round 2 of the Delphi survey, Įve tests reached consensus 
(agreement level >70%) and three tests had low agreement (<60%) regarding their suitability 
for measuring the eīects of power training (Table 3). One of the tests with low agreement, 
accelerometry, received several remarks by parƟcipants. The ability of the accelerometer 
to measure a wide range of physical acƟviƟes and movements paƩerns led to confusion re-
garding its consistent use and applicaƟon. To clarify its use among parƟcipants, this test was 
carried forward to the expert panel meeƟng. A complete overview of agreement scores per 
test can be found in Appendix 4 and 5. 

AŌer two Delphi survey rounds, a total of 15 tests was idenƟĮed and carried over to the ex-
pert panel meeƟng, of which 14 tests achieved consensus regarding their ability to measure 
the eīects of power training (Table 4). 

Expert Panel MeeƟng
Of the sixteen invited study parƟcipants, six aƩended the expert panel meeƟng (response 
rate: 37.5%). AƩendees were sports physiotherapists (n=2), geriatric physiotherapists (n=2), 
academic (n=1), and a clinical exercise physiologists (n=1). In addiƟon, three workgroup 
members (MeH, FM and TE) joined to support the process.

During group deliberaƟons, the panel of experts reached a consensus on 11 tests regarding 
their ability to measure the eīects of power training in older adults. The remaining four tests 
(accelerometry, GymAware Linear Power Transducer, Medicine Ball Throw, and the Wingate 
test) were excluded for various reasons. The accelerometer and the GymAware Linear Power 
Transducer were considered measurement tools intended to measure physical acƟvity, and 
unlike performance evaluaƟons that directly gauge physical capabiliƟes through structured 
challenges, they collect data on movement paƩerns. They thus provide insight into the inten-
sity and duraƟon of acƟviƟes rather than being standalone tests. The Medicine Ball Throw 
test was not ideally suited for assessing the eīects of power training in older adults as this 
test requires a certain level of coordinaƟon and motor skills, which may not align with age-re-
lated declines in motor control and coordinaƟon. Also, the Medicine Ball Throw Test does 
not reŇect daily physical acƟviƟes commonly engaged in by most older adults. The Wingate 
test, while eīecƟve for measuring anaerobic capacity, was considered to be less suitable for 
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assessing muscle power in older adults as it requires maximal eīort, is demanding, and can 
be potenƟally dangerous for older individuals with age-related physical limitaƟons. The test's 
focus on brief, high-intensity performance does not reŇect the sustained, moderate-intensity 
muscle power needed for performing acƟviƟes of daily life, making it less appropriate for 
older adults.

The 11 tests for which consensus was reached were categorized into the ICF quadrant model 
(Figure 2). The Counter Movement Jump and Squat Jump were categorized under the func-
Ɵon domain, both receiving a score of 55 on the Fibonacci scale. The remaining tests were 
categorized within the acƟvity or parƟcipaƟon domain, and further classiĮed into sub-do-
mains based on whether they focused on generic capacity or capacity with an emphasis on 
speed. The highest scoring tests were the Timed Up-and Go-Test and the Margaria Kalamen 
Power Test with 34 points each, and the Stair Climb Test, and 30-seconds Sit-to-Stand with 21 
points each, and; the 5-Ɵmes Sit-to-Stand and 10-meter Walking Speed Test scored 13 points 
each. ParƟcipants agreed that the Counter Movement Jump, the Squat Jump Test, 10-meter 
Walking Speed Test, and the Stair Climb Test were speciĮc for measuring muscle power. 

Following group deliberaƟons, agreement was reached that the Countermovement Jump 
and the Squat Jump Test should be used with the GymAware LPT measurement tool for 
measuring muscle power output at the funcƟon level. Since these tests scored equally on the 
Fibonacci scale, the workgroup selected the Squat Jump Test for the funcƟon domain based 
on its pracƟcality and lower burden on older adults. AddiƟonally, it was agreed that the 30-
sec FuncƟonal Strength Test primarily measures muscle strength at the funcƟonal level rather 
than muscle power. Given that the core outcome set is focused on assessments of power, 
the 30-sec FuncƟonal Strength Test was excluded. At the acƟvity level, there was consensus 
that the Timed Up-and-Go, Margaria Kalamen Power Test, Burpee Test, and the 5-Ɵmes Sit to 
Stand measure capacity with an emphasis on speed, while the 30-sec Sit to Stand focuses on 
general capacity, and therefore, was excluded. The Timed Up-and-Go and Margaria Kalamen 
Power Test received equal scores, however, the workgroup chose the Timed Up-and-Go for 
its feasibility in an older populaƟon. No deĮniƟve test or measurement instruments could 
be agreed upon for the parƟcipaƟon domain. However, it was decided that daily-life acceler-
ometry could be used to map acƟvity paƩerns at the parƟcipaƟon level. Its eīecƟveness in 
assessing the impacts of power training remains uncertain. It primarily tracks general physical 
acƟvity while giving insights into intensity and duraƟon. Yet, if coupled with an appropriate 
relevant outcome, daily-life accelerometry could provide important insights with regard to 
the parƟcipaƟon domain. The proposed COS to measure the eīects of power training in older 
adults is summarized in Table 5.
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Table 4: Tests idenƟĮed following two Delphi survey rounds.

 Test

1 Short Physical Performance BaƩery Test
2 30-sec Sit to Stand Test

3 5-Ɵmes Sit to Stand Test
4 Counter Movement Jump

5 Medicine Ball Thow Test
6 Timed Up and Go /8-Foot Up and Go Test
7 Squat Jump Test
8 Wingate Test
9 10-meter Walking Speed Test

10 Stair Climb Test
11 30-sec FuncƟonal Strength Test
12 GymAware Linear PosiƟon Transducer
13 Burpee Test
14 Margaria Kalamen Power Test 
15 Daily-life accelerometry

Table 5: Core outcome set for measuring the eīects of power training in older adults.

ICF health domain Test

FuncƟon Squat Jump Test

AcƟviƟes Timed Up and Go Test

ParƟcipaƟon Daily-life accelerometry

Discussion

Summary of Main Results
This study aimed to achieve consensus on a core outcome set of tests to measure the eīects 
of power training in older adults that covered the funcƟon, acƟviƟes, and parƟcipaƟon do-

main of the ICF. Our methods consisted of a two-round Delphi survey and expert panel meet-
ing (m-NGT). The Įnal core outcome set consisted of the Squat Jump Test for the funcƟon 
domain and the Timed Up-and-Go Test for the acƟviƟes domain. These tests were selected 
according their ability to measure power output and related acƟviƟes, making them parƟcu-

larly well-suited for assessing the eīects of power training. There were no tests idenƟĮed 
that were suitable for assessing the parƟcipaƟon domain of the ICF. However, based on the 
discussion in the expert panel, the use of daily-life accelerometry was suggested as a prelim-

inary instrument, given the lack of feasible alternaƟves for assessing outcomes within the 
parƟcipaƟon domain. 
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An accelerometer is not a speciĮc test, but a device that can be used to measure various 
acƟviƟes, causing the accelerometer to reŇect the ICF domain of the test it is paired with. 
Therefore, the relevance of an accelerometer for measuring muscle power or speed depends 
on the speciĮc acƟviƟes assessed. If an accelerometer is used to monitor daily acƟviƟes (i.e. 
daily life accelerometry), this could be relevant for measuring the eīects of power training 
within the parƟcipaƟon domain. AddiƟonally, if an accelerometer is used to esƟmate power 
output or speed of performing certain acƟviƟes, like rising from a chair, it may be parƟcularly 
well-suited for assessing the eīects of power training.31 

Comparison with Previous Studies
Current literature demonstrates a trend of assessing power training impacts primarily at the 
body funcƟon level, focusing on aspects such as capacity and acƟvaƟon of speciĮc muscles, 
while neglecƟng the broader implicaƟons for acƟvity performance and parƟcipaƟon in daily 
life.32,33 Instead, evaluaƟng the eīects of power training and measuring physical funcƟoning 
in older adults calls for a mulƟfaceted approach.34,35 For instance, Alcazar et al. (2018) high-

lighted the importance of assessing various performance elements to thoroughly evaluate 
power training eīecƟveness in older individuals,36 and Zhang et al. (2024) emphasized the 
need for ICF-based funcƟonal assessment tools speciĮcally tailored for older adults.37 Our 

study directly addresses this gap by providing a core set of tests categorized within the ICF 
framework speciĮcally targeted at evaluaƟng power training eīects. Our approach is also in 
line with O'Neill et al.’s (2020) advocacy of a comprehensive test baƩery to assess physical 
funcƟon as a clinical outcome,38 and is consistent with other studies emphasizing muscle 
strength, physical performance and funcƟonal outcomes in older adults parƟcipaƟng in pow-

er-based training intervenƟons.36,39,40

The lack of standardized outcome measures has been a key limitaƟon in previous research, 
leading to inconsistencies across studies. Byrne et al. (2016) noted signiĮcant variability in 
outcome measures used in power training studies, making meta-analyses challenging.40 Es-

tablishing a core outcome set, as proposed by this study, directly addresses this issue by tak-

ing a crucial step towards standardizaƟon in this Įeld. While previous research has focused 
primarily on narrow outcome sets, our research incorporates a broader range of ICF domains 
that aligns with calls for more holisƟc assessments in geriatric research.41 

Our approach to developing a core outcome set for power training in older adults aligns with 
and builds upon established methodologies in the Įeld. Williamson et al. (2012) outlined key 
consideraƟons for developing core outcome sets, emphasizing the importance of stakeholder 
involvement and consensus-building processes.42 We adhered to these principles through 
the use of a Delphi survey and modiĮed Nominal Group Technique (m-NGT), ensuring diverse 
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expert input and systemaƟc consensus development. Similarly, our methodology resonates 
with the OMERACT Įlter 2.0 framework proposed by Boers et al. (2014).43 This framework 
emphasizes the need for core outcome sets to be valid and feasible, which aligns with our 
strategy of categorizing tests across diīerent ICF domains and uƟlizing a workgroup to assess 
pracƟcal feasibility of the tests in measuring the eīects of power training in older adults.21

Prinsen et al. (2016) provided guidelines for selecƟng outcome measurement instruments for 
core outcome sets.44 Our study's process of expert consensus aligns with their recommenda-
Ɵon for a systemaƟc approach to instrument selecƟon. However, while Prinsen et al. suggest 
a two-step approach of Įrst deĮning core outcome domains and then selecƟng measurement 
instruments, our study combined these steps in a single consensus process. This modiĮcaƟon 
was made to streamline the process and ensure that selected outcomes were immediately 
linked to feasible measurement tools.

Strengths and LimitaƟons
This study's primary strength lies in its methodological rigor, parƟcularly in achieving consen-
sus among a diverse group of experts. The uƟlizaƟon of Delphi and modiĮed Nominal Group 
Technique (m-NGT) methods ensured a comprehensive and systemaƟc input, aligning with 
best pracƟces in consensus-building research. This approach minimized individual bias and 
enhanced the applicability of the idenƟĮed core outcome sets. The involvement of a working 
group and collaboraƟon with geriatric physiotherapists further ensured systemaƟc classiĮca-
Ɵon and pracƟcal relevance of the selected tests for the older adult populaƟon.

However, several limitaƟons warrant consideraƟon. Despite eīorts to include diverse exper-
Ɵse, potenƟal selecƟon bias in expert parƟcipaƟon may have inŇuenced outcome prioriƟza-
Ɵon. The lower response rate for the expert panel meeƟng compared to the Delphi survey 
rounds could have impacted the Įnal consensus. Another limitaƟon of this study is its empha-
sis on performance-based measures, which may not fully reŇect the subjecƟve experiences of 
older adults undergoing power training. This gap underscores the need for further research 
to combine both objecƟve performance measures and subjecƟve paƟent experiences, oīer-
ing a more comprehensive evaluaƟon of the eīects of power training in older adults. Future 
research should also focus on validaƟng these core outcome sets in diverse populaƟons and 
seƫngs to ensure broad applicability and to address the idenƟĮed limitaƟons. AddiƟonally, 
rapid advancement of assessment technologies may necessitate periodic updates to the core 
outcome set, potenƟally aīecƟng the long-term consistency and comparability of research.
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Clinical ImplicaƟons and Future Research
By incorporaƟng instruments that cover the health domains of the ICF, this study proposes 
a comprehensive evaluaƟon of the impact of power training on the physical funcƟoning of 
older adults. The establishment of a COS paves the way for more consistent and comparable 
research and facilitates evidence-based pracƟces. This not only enhances the comparability 
of studies but also contributes to the cumulaƟve knowledge in the Įeld of power training 
and its broader implicaƟons for physical funcƟon in older adults. Clinicians, researchers, and 
pracƟƟoners can beneĮt from a clear framework for evaluaƟng the eīecƟveness of power 
training intervenƟons, leading to more comparable and transferable results across studies. 
This standardizaƟon will also facilitate meta-analyses and systemaƟc reviews, contribuƟng to 
a more robust evidence base for best pracƟces in power training for older adults. 

Future research should focus on validaƟng these core outcome sets in diverse populaƟons 
and seƫngs to ensure their broad applicability. Exploring the integraƟon of new and emerg-
ing measurement technologies could further enhance the assessment of power training 
eīects. AddiƟonally, invesƟgaƟng implementaƟon challenges and opportuniƟes associated 
with adopƟng these standardized outcomes in clinical and research seƫngs will be crucial for 
their successful integraƟon into pracƟce.

Conclusions

This study established a consensus-based COS for measuring the eīects of power training 
in older adults. The selected measures, aligned with ICF domains, include the Squat Jump 
test and the Timed Up-and-Go Test for the funcƟon and acƟviƟes domain, respecƟvely. For 
the parƟcipaƟon domain, experts propose using daily-life accelerometry unƟl more suitable 
outcome measures have been deĮned and validated. 

This comprehensive framework reŇects a mulƟfaceted approach to evaluaƟng the impact 
of power training intervenƟons in older adults. Through standardizaƟon, this COS has the 
potenƟal to signiĮcantly improve the quality, comparability, and clinical relevance of future 
research. UlƟmately, this advancement may lead to more robust evidence-based pracƟces, 
informing clinical decisions and public health strategies aimed at enhancing the funcƟonal 
capacity and well-being of older adults through power training intervenƟons.
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Appendix 1: TheoreƟcal framework and deĮniƟons

Concept DeĮniƟon
Core area An aspect of health or a health condiƟon that needs to be measured 

to appropriately assess the eīects of a health intervenƟon. Core 
areas are broad concepts consisƟng of a number of more speciĮc 
concepts called domains.43,45,46

Domain or subdomain A concept to be measured, a further speciĮcaƟon of an aspect of 
health, categorized within a core area.43,45,46

Outcome Any idenƟĮed result in a (sub)domain arising from exposure to a 
causal factor or a health intervenƟon measurement.43,45,46

Measurement instrument A tool to measure a quality or quanƟty of a variable, in this context a 
(sub)domain or a contextual factor.43,45,46 

Core outcome measurement 

set

The minimum set of outcome measurement instruments that must 

be administered in each intervenƟon study for a certain health con-

diƟon within a speciĮed seƫng to adequately cover a corresponding 
core domain set; it describes how to measure.43,45,46

AcƟviƟes The ‘acƟviƟes’ component, along with parƟcipaƟon, is the core 
construct of disability and funcƟoning. It is viewed as the outcome of 
interacƟons between body impairments resulƟng from health condi-
Ɵons (diseases, disorders, and injuries) and contextual factors. In this 
study, the focus lies on the two diīerent constructs covered by the 
‘acƟviƟes’ component of the ICF, namely performance and capacity.3

Physical acƟvity Physical acƟvity is deĮned as any bodily movement produced by 
skeletal muscles that requires energy expenditure. It is behavior that 
encompasses all forms of acƟvity, including walking and cycling.3

Physical Įtness Physical Įtness is one’s ability to execute daily acƟviƟes with opƟmal 
performance, endurance, and strength with the management of 
disease, faƟgue, and stress and reduced sedentary behavior. Fitness 
also falls into two major categories—one related to health and the 
other to the abilityto perform a task or sport. to perform a task or 
sport. 

Muscle power Muscle power is the product of force produced by the muscle and 
its shortening velocity, which reŇects the ability of the muscles to 
produce force at high velocity.47
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Chapter 5

Abstract

Background: Research suggests that muscle power is a more criƟcal determinant of physical 
funcƟoning in older adults than muscle strength. The objecƟve of this study was to system-

aƟcally review the literature on the eīect of power training compared to strength training in 
older adults on tests for muscle power, two groups of acƟvity-based tests under controlled 
condiƟons: generic tests and tests with an emphasis on movement speed, and Įnally, physi-
cal acƟvity level in daily life. 

Methods: A systemaƟc search for randomized clinical trials comparing eīects of power train-
ing to strength training in older adults was performed in PubMed, Embase, Ebsco/CINAHL, 
Ebsco/SPORTDiscus, Wiley/Cochrane Library and Scopus. Risk of bias was assessed using the 
Cochrane CollaboraƟon Tool, and quality of evidence was evaluated using GRADEpro Guide-
line Development Tool. Standardized mean diīerenence (SMD) and 95% conĮdence intervals 
(CI) were calculated for outcomes separately using a random eīects model. 

Results: FiŌeen trials and 583 parƟcipants were included in the meta-analysis. Results indi-
cated a staƟsƟcally signiĮcant beneĮt of power training on all reported outcomes (muscle 
power SMD: 0.99, 95% CI: 0.54 to 1.44, p<0.001; generic acƟvity-based tests SMD: 0.37, 95% 
CI 0.06 to 0.68; p=0.02, acƟvity-based tests emphasizing movement speed SMD: 0.43, 95% 
CI 0.23 to 0.62, p<0.001). None of the included studies used physical acƟvity level in daily life 
as outcome.

Conclusions: Power training oīers more potenƟal for improving muscle power and perfor-
mance on acƟvity tests in older adults than strength training. Future research should assess 
exercise parameters for power training in older adults. In addiƟon, the validity and reliability 
of the tests used must be evaluated to establish a standardized test protocol. This protocol 
should also include measurements of physical acƟvity in daily life. 

Keywords: muscle power, muscle strength, acƟvity tests.
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5

IntroducƟon

The ageing process is characterized by the degeneraƟon of various physiological systems, 
including the neuromuscular system, which may lead to a loss of muscle strength (the ability 
to produce large muscle force) and muscle power (the ability to produce a large muscle force 
at high contracƟon velocity).1-3 This decline may cause daily tasks, such as geƫng up from a 
chair or climbing stairs, more diĸcult to perform, oŌen resulƟng in a loss of independence. 
IntervenƟon studies have indicated that both strength and power training can improve func-

Ɵonal capacity in older adults, consequently improving their ability to maintain independ-

ence.4-9 

Several studies have revealed that the annual decline in muscle power is larger than the an-

nual decline in muscle strength in older adults.10–16 The actual percentages of annual decline 
in muscle power and muscle strength varied between studies and were largely dependent on 
age and sex. However, the conclusion that muscle power declined more rapidly than muscle 
strength was consistent. Furthermore, in daily acƟviƟes, such as geƫng up from a chair, the 
ability to move with a suĸciently large speed (emphasizing muscle power) is more oŌen the 
limitaƟng factor than the ability to produce a suĸciently large moment.10,17  These Įndings 
signify the potenƟal importance of emphasizing muscle power in the training and rehabilita-

Ɵon of older adults instead of focusing on strength.6 

Several studies have shown that training speciĮcally aimed at increasing muscle power can 
improve the ability to generate high power output even in older adults. 7,17,18 Power training 

consequently also improved physical funcƟoning in daily life. The eīects appeared even larg-

er than aŌer strength training and endurance training.3,4,7–9,17–19 Two reviews have systemaƟ-

cally evaluated the eīect of power training in older adults,8,19 but methodological limitaƟons, 
namely high hetereogeneity between studies, limited search strategy, variaƟon in outcomes 
measures, variaƟon in the exercise methods, and non-speciĮc deĮniƟons of power training 
inŇuenced the comparison of power training against strength training. 

The aim of this study was to systemaƟcally review the literature on the eīect of power train-

ing compared to strength training in older adults with muscle power, acƟvity based tests, and 
physical acƟvity level in daily life as outcomes.
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Methods

Protocol and RegistraƟon
The present study was developed in according to Preferred ReporƟng Items for SystemaƟc 
Reviews and Meta-Analyses (PRISMA) guidelines20 and was registered in the InternaƟonal 
ProspecƟve Register of SystemaƟc Reviews (PROSPERO 2021: CRD42020167877). 

Data Sources and Search Strategy

This review included randomized controlled trials (RCT) that compared a power training 
intervenƟon with a strength training intervenƟon in older adults. A comprehensive search 
was performed in collaboraƟon with a medical librarian using the bibliographic databases 
PubMed, Embase, Ebsco/CINAHL, Ebsco/SPORTDiscus, Wiley/Cochrane Library and Scopus 
up unƟl 18 September 2020. The search strategy combined thesaurus terms and free texts 
words. The PubMed search string (Appendix 1) was constructed Įrst and used as a template 
for the other databases. All references from the selected arƟcles were checked to idenƟfy ad-

diƟonal relevant arƟcles that were missed in the systemaƟc search. To minimize publicaƟon 
bias, an addiƟonal search for grey literature was performed in the open access thesis and dis-

sertaƟon database and the World Health OrganizaƟon (WHO) internaƟonal clinical trials reg-

istry plaƞorm using the search terms “power training”, “physical performance” and “elderly”.

Study SelecƟon
The study selecƟon was performed independently by two co-authors (HK and MeH) in two 
stages, and regular meeƟngs were organised to form consensus in the selecƟon and scor-
ing of studies within each stage. In the Įrst stage, all abstracts from the systemaƟc search 
were preliminarily screened on eligibility criteria using the online applicaƟon ’Rayyan’.21

  

In the second stage, full text arƟcles were read to ensure that the selected studies met eligi-
bility criteria. 
	

RCTs comparing a power training group with a strength training group were included if they 
met the following eligibility criteria: (a) the study populaƟon consisted of older adults (mean 
age >65 years) recruited from a healthy populaƟon, regardless of their level of physical func-

Ɵoning. Healthy was deĮned according to the WHO deĮniƟon for health, in which individuals 
can be considered healthy despite the presence of (chronic) disease 22; (b) the intervenƟon 
was power training. This was assessed in two ways: (1) the authors deĮned their interven-

Ɵon as power training; or (2) the intervenƟon met the deĮniƟon of muscle power training 
proposed by Haī and colleagues: 23 “an intervenƟon primarily aimed at muscle power, move-

ment speed or rate of force development”; (c) the study included outcome measures for 
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muscle power, acƟvity based tests, or a measure for physical funcƟoning in daily life. These 
measurements had to be performed in a laboratory or clinical seƫng. We divided these 
tests in two categories,  ‘generic tests’ and test with an emphasis on the speed of execuƟon 
(‘speed tests’); (d) the strength training control group was age-matched and received at least 
parƟally supervised strength training; and (e) studies were published in English, Dutch, or 
German language. Studies were excluded if the study populaƟon consisted solely of par-
Ɵcipants with speciĮc musculoskeletal, neurological or psychological diseases on the basis 
of non-generalizability. Studies were also excluded if the intervenƟons were home-based or 
solely internet-based intervenƟons in view of concerns regarding adherence. 

Data ExtracƟon 
First, relevant outcome data and parƟcipant and intervenƟon characterisƟcs were extracted. 
Secondly, if required, standard errors were converted to standard deviaƟon for acƟvity tests 
to allow between-study comparisons. From the selected studies that included a non-training 
control group in addiƟon to power training and strength training groups, data were extracted 
for a separate meta-analysis of power training versus a non-training control group to test the 

assumpƟon that power training is superior to non-training. 

Risk of Bias 

The methodological quality of the selected studies was assessed using the Cochrane Collab-

oraƟon Risk of Bias tool. 24 The category for blinding of outcome assessment was scored as 
high risk of bias by default due to the diĸculty in maintaining true blinding during post-inter-
venƟon measurements. Studies were upgraded to unclear or low risk of bias if aƩempts were 
made to blind the outcome assessment for paƟents or assessors (e.g. blinding of paƟents to 
former assessment). Blinding of parƟcipants and personnel was not included in the risk of 
bias assessment as the nature of the studies does not allow for true blinding of the parƟci-
pants for the intervenƟon that is received. All other types of bias were assessed according to 
the guidelines in the Cochrane handbook.24 Studies were considered high risk of bias when 
three or more items were scored unclear or high, or when two items were scored high.

StaƟsƟcal Analysis
A meta-analysis was performed comparing the diīerence in intervenƟon eīects for tests 
measuring muscle power, performance on the two types of acƟvity based tests, and level of 
physical acƟvity using RevMan 5.3 soŌware (2014). The secondary meta-analysis comparing 
power training with a non-training control group was performed using the same procedure 

and soŌware. Meta-analysis results are presented separately for each outcome, in forest 
plots using standardized mean diīerences (SMD) with 95% conĮdence intervals (CI). In stud-

ies with more than one follow-up measurement, the follow-up measurement directly follow-
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ing the intervenƟon was included in the meta-analysis. A random eīects model was selected 
a priori to account for between-study variaƟon in intervenƟon protocol, duraƟon, intensity, 
and parƟcipant characterisƟcs. StaƟsƟcal heterogeneity was evaluated using the p-value from 
the chi-square tests for heterogeneity and the I2 staƟsƟc.24 The I2 staƟsƟc was interpreted as 
follows: 0-40% likely unimportant; 30-60% may represent moderate heterogeneity; 50-90% 
may represent substanƟal heterogeneity; and 75-100% considerable heterogeneity.24

Random eīects models were used in the meta-analyses to account for the fact that the var-
ious tests used diīerent units of measurement (meters, seconds, reps, WaƩs). Furthermore, 
whereas an improvement measured in Ɵmed tests is shown by decreasing values (a 400-Me-

ter Walk Test in 5 minutes is beƩer than one in 7 minutes), an improvement in meters, repe-

ƟƟons, or WaƩ/kg is reŇected in increasing values (10 repeƟƟons of a chair rise is beƩer than 
8 repeƟƟons). To account for this diīerence in measurement scales, the test outcomes of 
Ɵmed tests were switched between power training and strength training groups to adequate-

ly reŇect the more superior intervenƟon. 

Quality of Evidence Assessment

The PEDro scale (Physiotherapy Evidence Database, 1999) was used to assess the internal 
validity of each randomized controlled trial included in the systemaƟc review. Trials with a 
score of 0-4 are considered ‘poor’, 4-5 ‘fair’, 6-8 ‘good’, and 9-10 ‘excellent’. 

The quality of the evidence was assessed using the GRADEpro Guideline Development Tool 
(Evidence Prime, 2015). The iniƟal GRADE score began as “high” because each of the select-
ed studies were RCTs and was downgraded as a result of limitaƟons with respect to risk of 
bias, inconsistency, indirectness, imprecision, or publicaƟon bias. The criteria for downgrad-

ing a level of evidence was based on the Grade Handbook 25 and the Cochrane Handbook24.  
PublicaƟon bias was addiƟonally evaluated by visually assessing the distribuƟon of eīect siz-

es through funnel plot symmetry. In a symmetrical funnel plot the intercept on the X-axis 
should be close to 0, whereas with asymmetry it deviates considerably from 0 and suggests 
publicaƟon bias.26
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Results

Study SelecƟon
The iniƟal search yielded 2759 arƟcles, of which 1.534 entered preliminary screening aŌer 
removal of duplicates. The screening of abstracts produced 62 full-text arƟcles to be read in 
enƟrety for eligibility in phase 2. Forty-six studies were excluded and 16 studies were includ-
ed. One of these studies 27 was excluded from quanƟtaƟve analysis on the basis of using inter-
quarƟle range (IQR) as a distribuƟon parameter, which did not comply with the remaining 15 
studies that were used in the meta-analyses. A PRISMA Ňow diagram of the literature search 
and study selecƟon is shown in Figure 1. 
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Records excluded

(n =1.472)

No RCT                                 461

Non-specific PT                   503
Specific populaƟon / age   211
Specific pathology                 62
No outcomes for physical
funcƟoning        198
Animal                                     34
Language              3

Full-text arƟcles excluded
(n = 48)

No RCT                                 13 
Non-specific PT                   12
No strength training          4
Specific populaƟon / age      7
Specific pathology                  4
No outcomes for physical
funcƟoning               8

Records idenƟfied 
through Pubmed 

database searching
(n = 692)

Records aŌer duplicates
 removed

(n = 1.534)

Records screened 

Ɵtle/abstract
(n = 1.534)

Full-text arƟcles 
assessed for eligibility

(n = 62)

Studies included in 
quanƟtaƟve analyses 

(n=14)

Figure 1: PRISMA Ňow diagram of literature search and study selecƟon
RCT = randomized controlled trial; PT = power training; ST = strength training. 
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A total of 16 studies were included in the review. The total study populaƟon for the main 
comparison of power training versus strength training consisted of 583 parƟcipants, of which 
277 parƟcipants received power training (47.5%). The study populaƟon for the secondary 
analysis of power training versus a non-training control group was 272, of which 134 parƟci-
pants received power training (49.3%).

Outcome Assessment

The selected studies used a variety of tests to measure muscle power and performance on 
acƟvity tests. In the included studies, the construct of muscle power was captured with the 
Chest Press for upper extremity muscle power, and the Leg Press for lower extremity muscle 
power. Our analyses used the power and acceleraƟon outcomes reported in the original stud-

ies. Tests with an emphasis on movement speed were tests in which the instrucƟon was to 
perform the test “as quickly as possible”. The acƟvity tests categorised as having an empha-

sis on movement speed were Countermovement Jump, Chair Rise (seconds), Short Physical 
Performance BaƩery, Walking Speed, Timed Up and Go, Stair Climb (Ɵmed), and Floor Rise to 
Stand (Ɵmed). Generic tests were tests for which there was no instrucƟon regarding the rate 
of force development. The acƟvity tests categorised as generic were the 6-Minute Walk Test, 
400-Meter Walk Test, Chair Rise (reps), Sit to Stand (WaƩ and repeƟƟons), and a summary 
measure for Balance. None of the included studies used the level of physical acƟvity in daily 
life as an outcome. The characterisƟcs of the included studies included are shown in Table 1.

Risk of Bias

An overview of the risk of bias assessment for the included studies is provided in Figure 2. In 
conclusion, 47% of the studies were considered to be low risk of bias 3,28–33 while the remain-

ing studies were scored as being unclear to high. 4,5,7,9,34–37 

Muscle Power

The staƟsƟcal analyses for muscle power as outcome was performed separately for the upper 
extremity (UE) and lower extremity (LE) (Figure 3). For UE muscle power, a meta-analysis of 
6 RCTs showed a signiĮcant beneĮt of power training compared to strength training (SMD: 
0.99, 95% CI: 0.34 to1.65, p=0.003). A signiĮcant chi-square test for heterogeneity (p=0.001) 
indicates a concern for staƟsƟcal heterogeneity, which was corroborated by an I2 staƟsƟc of 
75% indicaƟng substanƟal to considerable heterogeneity . For LE muscle power, a meta-anal-
ysis of 10 RCTs showed a signiĮcant beneĮt of power training compared to strength training 
(SMD: 1.00, 95% CI: 0.40 to 1.60; p=0.001). A signiĮcant chi-square test for heterogeneity 
(p<0.001) indicates a concern for staƟsƟcal heterogeneity, which was corroborated by an I2 

staƟsƟc of 86% indicaƟng considerable heterogeneity. The overall combined eīect for UE 
and LE muscle power clearly favors power training (SMD: 0.99, 95% CI: 0.54 to 1.44, p<0.001) 
over strength training.
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The secondary meta-analysis showed that power training was also signiĮcantly improved UE 
muscle power (SMD: 0.81, 95% CI: 0.35 to 1.27, p<0.001) and LE muscle power (SMD: 1.38, 
95% CI: 0.90 to 1.86, p<0.001) compared to to not training (Appendix 2). StaƟsƟcal hetero-

genity for the secondary analyses is likely ‘unimportant’ to ‘moderate’. The overall combined 
eīect for UE and LE muscle power also favors power training (SMD: 1.12, 95% CI: 0.75 to 
1.48, p<0.001) over not training.

Generic AcƟvity Tests 
Five diīerent tests were used in this category. A subgroup analysis was performed for each 
test (Figure 4). In the subgroup analyses, the Chair Rise (p=0.02), the Sit to Stand (p=0.04), 
Balance (p<0.001), 400- Meter Walk Test (p=0.66), and 6-Minute Walk Test (p=0.66) all fa-

vored power training. The overall eīect of funcƟonal performance was calculated by pooling 
the eīects of all subgroup analyses, which showed a signiĮcant beneĮt of power training over 
strength training (SMD: 0.43, 95% CI 0.23 to 0.62, p<0.001). StaƟsƟcal heterogeneity was of 
no concern for the subgroup or overall analyses .

The secondary analysis showed that power training group also signiĮcantly improved the 
performance on the generic tests (SMD: 0.73, 95% CI 0.48 to 0.99; p<0.001) compared to 
not training (Appendix 3). Within the subgroup analyses, the Chair Rise (p<0.001), the Sit 
to Stand (p=0.02), Balance (p=0.003), and 400-Meter Walk Test (p=0.14) all favored power 
training. StaƟsƟcal heterogeneity was of no concern in the overall analyses, however, the chi-
square test for heterogeneity in the 400-Meter Walk Test (p=0.01) and an I2 staƟsƟc of 84% 
indicated there may be substanƟal to considerate heterogeneity . 

Figure 2: Risk of bias for the studies included in the meta-analysis.
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Figure 3: Forest plot showing the standardized mean diīerence between power training and strength training in older adults according 
to chest press and leg press (muscle power).
PT = power training; ST = strength training; SD = standard deviaƟon; IV = intravitreal; CI = conĮdence interval.

Figure 4: Forest plot showing the standardized mean diīerence between power training and strength training in older adults  
according to 400-m walk test, 6-minute walk test, chair rise (reps), sit to stand transfer, and balance. The sit to stand transfer and the 
chair rise in Cadore et al. is, in fact, the same performance test but interpreted in two diīerent manners: sit to stand is considered to 
be a performance while chair rise is considered to be a physical funcƟon.
PT = power training; ST = strength training; SD = standard deviaƟon; IV = intravitreal; CI = conĮdence interval
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AcƟvity Tests with an Emphasis on Movement Speed
Seven diīerent tests were used in this category, and a subgroup analysis was performed 
for each test (Figure 5). Within the subgroup analyses, the SƩair Climb (p=0.04), Chair Rise 
(p=0.19), Walking Speed (p=0.22), Short Physical Perforance BaƩery (SPPB) (p=0.75), and the 
Timed Up and Go (p=0.19) favored power training, while the Countermovement Jump (CMJ) 
(p=0.86) and the Floor Rise to Stand (p=0.43) favored strength training. StaƟsƟcal heteroge-

neity may be a cause for concern in Chair Rise, Walking Speed, SPPB, Stair Climb, and Floor 
Rise to Stand, for which a signiĮcant p-value and an I2 staƟsƟc above 70% indicated substan-

Ɵal to considerable heterogeneity. The overall eīect was calculated by pooling the eīects of 
each subgroup analysis, which showed a signiĮcant beneĮt of power training compared to 
strength training (SMD: 0.36, 95% CI 0.06 to 0.68, p=0.02). StaƟsƟcal heterogeneity may be 
cause for concern as well, as a signiĮcant chi-square test for heterogeneity (p<0.001) and an 
I2 staƟsƟc of 78% indicate substanƟal to considerable heterogeneity.

The secondary analysis showed that power training also signiĮcantly improved performance 
on the speed tests (SMD: 0.74, 95% CI 0.50 to 0.98, p<0.001) compared to not training  
(Appendix 4). A signiĮcant chi-square test for heterogeneity (p=0.002) indicated a concern 
for staƟsƟcal heterogeneity, which was corroborated by an I2 staƟsƟc of 46% indicaƟng mod-

erate heterogeneity. Within the subgroup analyses, the CMJ (p=0.06), Chair Rise (p<0.001), 
Walking Speed (p=0.004), the Timed Up and Go (p=0.05), Stair Climb (p=0.03), SPPB (p=0.32), 
and Floor Rise to Stand (p=0.07) all favored power training. The chi-square test for hetero-

geneity indicated a cause for concern in Walking speed, for which the I2 staƟsƟc was 71% .

Quality of Evidence

The quality of evidence for each outcome is shown in the GRADE quality of evidence table 
(Table 2). The eīect esƟmates for LE muscle power, generic and speed-based acƟvity tests, 
were scored as having a ‘high’ amount of certainty, while UE muscle power was scored as 
having a ‘moderate amount’ of certainty. Within the certainty assessment, risk of bias was 
graded as ‘serious’ for each outcome, largely due to the lack of allocaƟon concealment the 
selected studies. Indirectness was graded as ‘very serious’ for LE muscle power as a result of 
the inconsistent point esƟmates and high levels of staƟsƟcal heterogeneity in the meta-anal-
ysis. For the acƟvity tests with an emphasis on speed, criteria for indirectness (diīerences in 
outcome measures) and imprecision (risks of random errors) within the GRADE were scored 
as ‘not serious’.

PublicaƟon bias was also assessed separately for each outcome through the use of funnel 
plots (Appendix 5-7). The funnel plot for muscle power is a-symmetrical, indicaƟng that pub-

licaƟon bias may be present. 
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Figure 5: Forest plot showing the standardized mean diīerence between power training and strength training in 
older adults according to the countermovement jump, chair rise, walking speed, short physical capacity baƩery, 
Ɵmed up and go, stair climb, and Ňoor rise to stand.
PT = power training; ST = strength training; SD = standard deviaƟon; IV = intravitreal; CI = conĮdence interval.
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The funnel plots for the acƟvity tests do not show asymmetry, indicaƟng that publicaƟon bias 
is less of a concern. The PEDro score of each of the selected studies is illustrated in Appendix 

8. Five studies were considered to have ‘good’ internal validity 3,29,31,33,36, 8 studies were classi-
Įed as ‘poor’ to ‘fair’4,5,9,28,30,34,35,37, and 1 study was classiĮed as having ‘poor’ interal validity. 7

Discussion

Summary of Main Results

The results of this meta-analysis indicate a signiĮcant beneĮt of power training compared 
to strength training on muscle power and acƟvity tests with SMD’s varying between 0.99 
for muscle power, 0.43 for generic tests, and 0.36 for tests with an emphasis on movement 
speed.  Compared to non-training control groups, the eīect was even larger with SMD’s of 
1.12 for muscle power, 0.73 for generic tests, and 0.74 for tests with an emphasis on move-

ment speed. These results support the Įndings of previous intervenƟon studies 3,4,7–9,17–19 and 

systemaƟc reviews8,19, both of which found power training to be more eīecƟve at improving 
physical and funcƟonal outcomes. No publicaƟons reporƟng the eīect of muscle power train-

ing on physical acƟvity level were found.

In a meta-analysis comparing power training with strength training, Tschopp et al. 8 reported 

an SMD of 0.42 for muscle power (95% CI -0.02 to 0.85), whereas we found an SMD of 0.99 
(95% CI: 0.54 to 1.44; p<0.001). However, some of the studies included in the meta-analysis 
by Tschopp et al. were actually invesƟgaƟons of diīerent intensiƟes of power training rather 
than a comparison of power training against strength training.8 The heterogeneity between 
studies has consequences for their overall conclusion that power training intervenƟons are 
more eīecƟve than strength training. The meta-analysis from Steib et al.19 reported an SMD 
of 1.66 for muscle power (95% CI 0.08 to 3.24) compared to progressive resistance train-

ing. However, the authors deemed the level of evidence as ‘moderate’ due to the large be-

tween-study variaƟon. Furthermore, Byrne et al. found that muscle power was a superior 
predictor of funcƟonal performance compared to muscle strength, however, pooled eīect 
esƟmates were not provided.38 

Although these reviews found a similar trend as the present study, their methodological lim-

itaƟons prevented a direct comparison between power training and strength training. The 
present study reviewed the literature on the eīect of power training compared to strength 
training in older adults using clear diīerenƟaƟon between the constructs muscle power, ac-

Ɵvity based tests and physical acƟvity level in daily life. Therefore, this review makes a unique 
contribuƟon to the body of evidence for the eīect of power training in older adults. 
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The present study is, to our knowledge, the most comprehensive systemaƟc review on this 
topic to date. The literature search for the present study used broad inclusion criteria to 
obtain as many studies comparing power training with strength training as possible. Each of 
the selected studies was thoroughly and independently examined by two researchers. The 
method in which risk of bias and quality of evidence were determined in the selected studies 
used the highest quality guidelines for systemaƟc reviews. 

While the following was not part of eligibility criteria, it is relevant to note that all of the in-
tervenƟons from the selected studies were longer than 8 weeks in duraƟon which complies 
with the the American College of Sports Medicine (ACSM) guidelines. In these guidelines a 
minimum duraƟon of 6 weeks is recommended for a measurable improvement caused by 
increased neurological eĸciency.39 A period to 8-weeks is considered to be the minimum 
amount of Ɵme required for physiological changes in muscle structure and strength.40,41

The present study encountered several limitaƟons that provide opportuniƟes for future re-
search. There was a substanƟal amount of variability in the acƟvity based tests used to meas-
ure outcomes in each of the selected studies, making comparibility between some studies 
more diĸcult. As a result, the overall quality of evidence was downgraded for each compari-
son based on ‘indirectness’ and a random eīects model was selected for the meta-analyses. 
Due to a lack of detailed informaƟon in the included studies, this review has not evaluated 
the protocols of the power and strength training intervenƟons and, therefore, cannot guar-
antee that total workload, rest intervals, exercises prescribed, muscle groups sƟmulated and 
ranges of moƟon were comparable between power and strength training across the studies 
included. Future research should assess the validity of power and strength training inter-
venƟons in older adults and future studies comparing power and strength training should 
provide more detailed informaƟon on training dosage.

Another limitaƟon of the included studies is the lack of informaƟon about the degree of mus-
cle power loss. Power training should ideally be targeted in persons with an established de-
cline in muscle power. However, diīerences in baseline muscle power between parƟcipants 
of the included studies were not taken into account. Some studies included older adults in a 
geriatric care seƫng where muscle power is likely lower than in community-dwelling older 
adults. Other age- (young old versus oldest old), sex-, or ethnicity-related diīerences between 
parƟcipants were also not accounted for, but are important determinants of the decrease in 
muscle power with increasing age.11,13,42 Because this review only included parƟcipants aged 
on average over 65 years, it is reasonable to assume that a decrease in muscle power as a 
result of ageing had occurred, but it is also possible that in subgroups with a relaƟve larger 
decline in muscle power the eīect of power training is larger.
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Another possibility for an underesƟmaƟon of the eīect of power training in our review, is 
the heterogeneity between the intervenƟons themselves. Some of the intervenƟons used in 
the selected studies trained muscle power using the low velocity and high force approach, 

as opposed to the high velocity and low force approach. Literature suggests that the in older 
adults, muscle power is best trained through the high velocity and low force approach. The 
degeneraƟon of fast twitch Įbers, which are responsible for explosive power, occurs more 
rapidly than the decrease of muscle strength.43 Thus, age-related decrease in muscle power 
is determined by a decrease in velocity more than by a decrease in force produced, indi-
caƟng that training should emphasize velocity more than force.10,17 The deĮniƟon of power 
training used in the present study does not specify the load at which power training is to 

be performed, resulƟng in a combinaƟon of diīerent power training intensiƟes included in 
the meta-analysis. Literature suggests an ideal load of 20-30% of the 1- repeƟƟon maximum 
(1RM) when training muscle power in older adults.44–46 The above could also be the reason 
for the smaller eīects we found on speed based tests. A high velocity, low force approach can 
be expected to result in larger eīects on speed based tests.
 

Despite our eīorts to evaluate publicaƟon bias through the use of funnel plots, we acknowl-
edge that asymmetry could also be caused by small sample sizes and poor methodological 
quality of the included studies.47 Lastly, this systemaƟc review compared post-intervenƟon 
measurements directly following the intervenƟon and did not include a follow-up period be-

yond what was required for post-intervenƟon measurements. Therefore, no inferences can 
be made on the long-term eīects of the intervenƟons. 

Several important themes emerged that could be beneĮcial for future research. Current-
ly, there is no broadly accepted, validated and standardized and coherent test protocol for 
measuring muscle power, related acƟvity tests, and physical acƟvity in daily life. To ensure 
comparibility between studies, further research is required to develop such a testprotocol. 
Especially the lack of measurements of physical acƟvity in everyday life is important. Nei-
ther an increase in muscle strength nor a beƩer performance on acƟvity tests guarantees 
an eīect on a physical acƟvity in daily life (parƟcipaƟon domain). Future research evaluaƟng 
the validity and reliability of power training parameters (frequency and intensity) is also im-

portant. This will provide further guidance on the best approach to power training (high or 
low velocity, low or high force). AddiƟonal factors that could inŇuence the results of power 
training, such as age-, sex-, and ethnicity-related diīerences in muscle power and the role of 
drop-outs in exercise intervenƟons in older adults, have te be taken into account in design 
and report of future studies. 
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Conclusions

Power training oīers more potenƟal for improving muscle power and performance on acƟvi-
ty based tests in older adults than strength training. The level of evidence for this comparison 
was rated as being moderate to high. Future research should focus on appropriate power 
training programs with correct training parameters and valid and reliable outcome measure-
ments through the use of a standardised tesƟng protocol.
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Appendix 1: Search String use in PubMed

(("Aged"[Mesh] OR "Aging"[Mesh] OR "Homes for the Aged"[Mesh] OR "Housing for the 
Elderly"[Mesh] OR "Geriatrics"[Mesh] OR "Geriatric Nursing"[Mesh] OR "Health Servic-

es for the Aged"[Mesh] OR (elder*[tw] OR eldest[tw] OR frail*[tw] OR geriatri*[tw] OR old 
age*[tw] OR oldest old*[tw] OR senior*[tw] OR senium[tw] OR very old*[tw] OR septua-

genarian*[tw] OR octagenarian*[tw] OR octogenarian*[tw] OR nonagenarian*[tw] OR cen-

tarian*[tw] OR centenarian*[tw] OR supercentenarian*[tw] OR older people[tw] OR older 
subject*[tw] OR older paƟent*[tw] OR older age*[tw] OR older adult*[tw] OR older man[tw] 
OR older men[tw] OR older male*[tw] OR older woman[tw] OR older women[tw] OR older 
female*[tw] OR older populaƟon*[tw] OR older person*[tw]) OR aging[Ɵab] OR ageing[Ɵab] 
OR community-dwell*[Ɵab]) AND ("Self Eĸcacy"[Mesh] OR "AcƟviƟes of Daily Living"[Mesh] 
OR "Quality of Life"[Mesh] OR self eĸcac*[Ɵab] OR "acƟviƟes of daily living"[Ɵab] OR "acƟvity 
of daily living"[Ɵab] OR "acƟviƟes of daily life"[Ɵab] OR "acƟvity of daily life"[Ɵab] OR daily 
living acƟvit*[Ɵab] OR daily life acƟvit*[Ɵab] OR adl[Ɵab] OR iadl[Ɵab] OR "quality of life"[-
Ɵab] OR life qualit*[Ɵab] OR living qualit*[Ɵab] OR "quality of living"[Ɵab] OR "qol"[Ɵab] OR 
"hrql"[Ɵab] OR "hrqol"[Ɵab] OR funcƟonal abilit*[Ɵab] OR physical abilit*[Ɵab] OR funcƟonal 
perform*[Ɵab] OR physical perform*[Ɵab] OR funcƟonal independen*[Ɵab] OR physical in-

dependen*[Ɵab] OR "Personal Autonomy"[Mesh] OR funcƟonal autonom*[Ɵab] OR physical 
autonom*[Ɵab] OR "Physical Fitness"[Mesh] OR Independent living[Ɵab] OR Living independ-

ent*[Ɵab] OR high funcƟon*[Ɵab] OR higher funcƟon*[Ɵab] OR physical funcƟon*[Ɵab]) AND 
((power[Ɵab] OR plyometric*[Ɵab] OR high velocit*[Ɵab] OR high intens*[Ɵab] OR explosive 
strength[Ɵab]) AND ("Exercise"[Mesh] OR "Sports"[Mesh] OR "Exercise Therapy"[Mesh] OR 
training[Ɵab] OR physical acƟvity[Ɵab] OR exercise[Ɵab]))) AND (randomized controlled tri-
al[pt] OR controlled clinical trial[pt] OR randomized[Ɵab] OR randomised[Ɵab] OR placebo[-
Ɵab] OR randomly[Ɵab] OR trial[Ɵab] OR groups[Ɵab]) 
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Appendix 2: 
Forest plot comparing power training to non-training control group using muscle power.

CapƟon: Forest plot showing standardized mean diīerence between power training and non-training control group in older adults according to chest press 
and leg press. PT=power training; SD=standard deviaƟon; IV=intravitreal; CI=conĮdence interval.

Appendix 3: 
Forrest plot comparing power training to non-training control group using generic tests. 

CapƟon: Forest plot showing standardized mean diīerence between power training and non-training control group in older adults according to the 400 
meter walk test, 6 minute walk test, chair rise (reps), sit to stand transfer, and balance. The sit to stand transfer and the chair rise in Cadore et al. is, in fact, 
the same performance test but interpreted in two diīerent manners. Sit to stand is considered to be a performance while chair rise is considered to be a 
physical funcƟon. PT=power training; SD=standard deviaƟon; IV=intravitreal; CI=conĮdence interval. 
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Appendix 4:
Forest plot comparing power training to non-training control group using tests with emphasis on 

movement speed. 

CapƟon: Forest plot showing standardized mean diīerence between power training and non-training control group in older adults 
according to the countermovement jump, chair rise, walking speed, short physical performance baƩery, Ɵmed up and go, stair climb, 
and Ňoor rise to stand. PT=power training; SD=standard deviaƟon; IV=intravitreal; CI=conĮdence interval
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Appendix 5: 

Funnel plot comparing power training to strength training in older adults using muscle power.

Appendix 6: 
Funnel plot comparing power training to strength training in older adults using generic tests.
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Appendix 7: 
Funnel plot comparing power training to strength training in older adults using tests with an emphasis 
on movement speed.

 

Appendix 8: PEDro score for the studies included in the meta-analyses.
Study PEDro score (out of 10)

Balachandran et al. (2014) 5
Bean et al. (2009) 6
BoƩaro et al. (2007) 4
Cadore et al. (2013) 6
Fielding et al. (2002) 4
Henwood et al. (2006) 5
Henwood et al. (2008) 4
Lopes et al. (2014) 6
Marsh et al. (2009) 4
Miszko et al. (2003) 3

Orr et al. (2006) 6
Ramirez-Campillo et al. (2014) 4
Reid et al.  (2013) 6
Tiggeman et al. (2016) 4
Zech et al. (2012) 7
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Abstract

Background: Previous research shows that power training can increase power output in older 
adults and may also improve physical performance, physical funcƟoning, and independence. 
However, power training intervenƟons have not been opƟmized for older adults. The aim of 
this study was to assess the feasibility and preliminary eīecƟveness of a power training pro-
gram called Powerful Ageing in older adults.

Methods: A total of 28 older adults parƟcipated in a 12-week power training intervenƟon at 
an intensity of 20-30% 1-repeƟƟon maximum (1-RM). The primary outcome, feasibility, was 
assessed through intervenƟon retenƟon, adherence (aƩendance and compliance), and safe-
ty. Secondary outcomes were measured in health domains of the ICF. In the funcƟon domain, 
muscle power and anaerobic power were assessed using a weighted squat and Wingate test, 
respecƟvely. In the acƟviƟes domain, physical performance was measured using the 6-min-
ute walk test, and in the parƟcipaƟon domain, physical acƟvity in daily life and health status 
were evaluated using an accelerometer and the SF-36 quesƟonnaire, respecƟvely.

Results: With intervenƟon retenƟon and adherence at 100%, and 0% drop-out due to inju-
ries, Powerful Ageing was considered feasible and safe for older adults. Power training signif-
icantly improved muscle power, anaerobic power, and physical performance in older adults, 
but did not have a signiĮcant eīect on physical acƟvity in daily life or health status. 

Conclusions: Preliminary results suggest that Powerful Ageing is a feasible and safe interven-
Ɵon that may improve muscle power, anaerobic power, and physical performance in older 
adults. Randomized clinical trials are necessary to fully assess the potenƟal of power training 
as an exercise intervenƟon for older adults. 

Keywords: power training, older adults, feasibility, muscle power, physical performance, 
physical funcƟoning in daily life, health status, accelerometer
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Power Training in Older Adults: A Pilot and Feasibility Study

IntroducƟon

Global ageing has led to a greater proporƟon of older adults and is one of the factors con-

tribuƟng to the increase in annual healthcare expenditure. People live longer despite the 
presence of chronic health condiƟons.1 To oīset rising healthcare costs, it is expected that 
older adults conƟnue to live independently at home for as long as possible.2 However, older 
adults must maintain their physical performance and physical funcƟoning to facilitate inde-

pendent living.

Ageing is associated with a decrease in both muscle strength and muscle power,3–8 causing 
daily tasks, such as rising from a chair or climbing a Ňight of stairs, to become more diĸcult. 
Muscle power, the product of contracƟon force and velocity, is best trained through targeted 
power training, which is a form of exercise that involves moving resistance at higher velociƟes 
than tradiƟonal strength training.4,5,9,10 Studies have shown that power training generates 
high power output even in older adults,10–12 allowing for older adults to maintain or regain 
the ability to perform everyday acƟviƟes, which may lead to increased independence and im-

proved quality of life. Despite this, power training is rarely used as an intervenƟon in pracƟce 
as liƩle is known about the exercise physiology and eīecƟveness of power training in older 
adults,9,12,13 and some consider explosive muscular contracƟons a risk for injuries. InformaƟon 
on how power training should be implemented in older adults is lacking,9,12,14 making it unsur-
prising that current exercise guidelines do not include recommendaƟons for power training.

Therefore, the aim of this study was to assess the feasibility of a power training intervenƟon 
called Powerful Ageing in older adults. In addiƟon, we performed a preliminary evaluaƟon 
of the eīecƟveness of Powerful Ageing within the funcƟon, acƟviƟes, and parƟcipaƟon do-

mains of the InternaƟonal ClassiĮcaƟon of FuncƟoning, Disability, and Health (ICF).

Methods

Seƫng and Study Design
A cohort of older adults parƟcipated in a 12-week power training intervenƟon called Power-
ful Ageing. Training, tesƟng, and data collecƟon occurred at the physical therapy pracƟce and 
Įtness center Sports & Science located in Lochem, the Netherlands. The study was longitu-

dinal in design, with measurements obtained at baseline (week 0) and following the comple-

Ɵon of the intervenƟon (week 12).
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ParƟcipant SelecƟon
Study parƟcipants were recruited from an open populaƟon in the municipality of Lochem, 
the Netherlands, from October through December 2015. The recruitment process was aimed 
at older adults and consisted of Ňyers distributed by local healthcare services, newspaper 
ads, social media, and informaƟon available on the website of the Sports & Science Center. 
To be eligible to parƟcipate in the study, parƟcipants had to be >55 years of age, live at 
home, and experience diĸculƟes in parƟcipaƟng in acƟviƟes of daily life. It was required that 
parƟcipants spoke the Dutch language and had the ability to come to the training locaƟon 
independently. ParƟcipants were excluded from the study if they had been diagnosed with a 
condiƟon that would prohibit full parƟcipaƟon in tesƟng or training (e.g. Alzheimer’s disease, 
neurological disorders, musculoskeletal injuries, or complicaƟons associated with acute car-
diovascular disease). ParƟcipants with a body mass index (BMI) <19 or >35 kg/m2 or blood 
pressure >150/90 mmHg were also excluded in view of parƟcipant safety. Lastly, older adults 
who had parƟcipated in a diīerent exercise or training intervenƟon 3 months prior to the 
start of the current training intervenƟon were also excluded. Individuals who did not meet 
eligibility criteria were oīered an alternaƟve exercise intervenƟon. 

Following inclusion, parƟcipants were informed of the study’s purpose, procedures, and po-
tenƟal risks and beneĮts verbally during a group gathering and in wriƟng. Informed consent 
was obtained from each parƟcipant prior to tesƟng. This study had been approved by the 
Ethical Commission of Research at the University of Applied Sciences Utrecht.

Training Protocol
Based on our previous work, a power training program called Powerful Ageing was created 
based on the theoreƟcal concepts and pracƟcal requirements of a power training interven-
Ɵon 15–17 submiƩed manuscript by el Hadouchi et al; manuscript under review by el Hadouchi 
et al]. The raƟonale behind Powerful Ageing is largely based on the velocity component of 
muscle power, as the ability to move with a suĸciently large speed is more oŌen the limiƟng 
factor than the ability to produce suĸcient muscle force.10,18 To train high contracƟon veloc-
ity, the resistance used in power exercises should be lower so that the movement speed can 
be higher. Therefore, Powerful Ageing uses a training load of 20-30% of the 1-repeƟƟon max-
imum (1RM), which has been proposed as the ideal power training load for older adults,19–21 

and was also chosen for feasibility and safety. Training sessions were led by an experienced 
professional trainer and supervised by a sport’s physical therapist, both of whom ensured 
correct technique, intensity, and number of sets. To allow personal instrucƟon, parƟcipants 
were divided into two training groups of 15 individuals.
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ParƟcipants completed a 45-minute power training session twice a week for 12 weeks. Each 
session began with an explanaƟon of the training goal and instrucƟons on what was expected 
from parƟcipants (e.g. emphasis on movement speed). A 10-minute warmup consisted of 
movements and funcƟonal exercises with either no weight or a minimal load, which oīered 
parƟcipants familiarizaƟon with the exercises, and provided trainers a chance to verify each 
parƟcipant’s technique. The exercises used in the intervenƟon were chosen based on their 
ability to generate a high power output.22 Each training session consisted of three compo-

nents: (1) Olympic weightliŌing, such as deadliŌ high pulls, clean and press, back squats, and 
snatches; (2) sprint and agility training; and (3) funcƟonal movement training, including step-
up lunges, burpees, and stair climbing. 

During the training session, parƟcipants were instructed to perform 3 sets of 5-7 repeƟƟons 
within a speciĮc period of Ɵme, e.g. 10 seconds (s). Exercises were performed at a controlled 
tempo, concentraƟng on a fast explosive concentric phase and a slow and steady eccentric 
phase (the movement speed followed a <1s–0s–3s–0s paƩern). The instrucƟon for the power 
exercises was to be “as fast as possible”. In between exercises, parƟcipants took a 2-5 minute 
break as needed, ensuring that each parƟcipant was able to complete the exercise using their 
maximum movement velocity. The training load gradually increased in both the number of 
sets and the 1-RM load. ParƟcipants were instructed to add greater resistance when they 
could easily perform the number of repeƟƟons of an exercise in the predetermined Ɵme (e.g. 
5 hang cleans in 10 seconds). Table 1 summarizes the test protocol using criteria from the 
Template for IntervenƟon DescripƟon and ReplicaƟon Checklist (TIDieR) checklist.23

Feasibility

Feasibility was used as an umbrella term encompassing retenƟon, adherence (aƩendance 
and compliance), and safety.24 We deĮned retenƟon as the proporƟon of parƟcipants who 
completed all follow-up assessments compared to the number of parƟcipants who complet-
ed baseline assessments. Adherence was deĮned using the World Health OrganizaƟon deĮni-
Ɵon as the extent to which a person’s behavior corresponds with agreed recommendaƟons25

 

and incorporates both the number of training sessions aƩended as well as the compliance 
with the prescribed power training program. Compliance was determined through training 
records of a parƟcipant’s progression, duraƟon of the exercise, intensity, and level of diĸculty 
of the exercises. The safety of the intervenƟon was monitored through structured weekly 
screenings that aimed to assess any new physical complaints lasƟng longer than 48 hours 
related to the intervenƟon, and adverse events that occurred during the intervenƟon. The in-

tervenƟon was considered feasible if retenƟon and adherence (aƩendance and compliance) 
were at least 90%, and drop-out due to injuries was below 15%.24
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Table 1: Training protocol

Criteria Power training intervenƟon
1 IntervenƟon Powerful Ageing
2 RaƟonale Ageing causes muscle power, the product of force and velocity, to deteriorate. 

SpeciĮcally, older adults oŌen miss the velocity component of muscle power. 
Therefore, power training intervenƟons that use the high velocity and low force 
approach would be expected to be opƟmal for older adults (20-30% 1RM).

3 Materials Various exercise equipment commonly available at Įtness centers
4 Procedure Each session began with a 10-minute warm-up consisƟng of movements and 

funcƟonal exercises that were featured in that day's training with either no 
weight or a minimal load. The power training consisted of 3 components: Olym-

pic weightliŌing, sprint and agility training, and funcƟonal movement training.
5 Person The intervenƟon was administered by an experienced professional trainer and 

under supervision of a sport’s physical therapist.
6 Modes In-person group training of 15 parƟcipants
7 LocaƟon Indoor sports facility
8a Sessions 24 sessions

8b Frequency 2x per week
8c DuraƟon 45 minutes
8d Intensity 30% of 1RM
8e Type of 

exercises
The exercises used were explosive strength exercises. Each session consisted 
of Olympic weightliŌing (including deadliŌs, high pulls, clean and press, back 
squats), sprint and agility training, and funcƟonal movement training (including 
step-up lunges, burpees, and stair climbing).

8f Level ParƟcipants were instructed to concentrate on a fast explosive concentric 
phase and a slow and steady eccentric phase. The movement speed followed a 
<1s–0s–3s–0s paƩern.

8g CombinaƟon Not available
9 Tailoring ParƟcipants were instructed to add greater resistance when they could easily 

perform the number of repeƟƟons of an exercise in the predetermined Ɵme 
(e.g. 5 hang cleans in 10 seconds).

10 ModiĮcaƟon None
11 Adherence Acceptable intervenƟon adherence was set at 90% for both aƩendance and 

compliance.
12 Deliverance The intervenƟon was delivered as planned.

CapƟon: 1-RM: 1-repeƟƟon maximum.

Preliminary EīecƟveness
Secondary outcomes were measured in the health domains of the ICF, as shown in Table 2. 
Within the funcƟon domain, muscle power was assessed using weighted squat and anaer-
obic power was assessed using the Wingate test. Within the acƟvies domain, physical per-
formance was measured using the 6-minute walk test (6-MWT), and within the parƟcipaƟon 
domain, physical acƟvity in daily life and health status were evaluated using an accelerometer 
and the SF-36 quesƟonnaire, respecƟvely.
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Table 2: Primary outcomes and their ICF domains

ICF domain Outcome Test

FuncƟon
 

Muscle power
Anaerobic power

Weighted squat 
Wingate Test

AcƟviƟes Physical performance 6-MWT

ParƟcipaƟon Physical acƟvity in daily life
Health status

Accelerometer
SF-36

CapƟon: ICF: InternaƟonal ClassiĮcaƟon of FuncƟoning, Disability, and Health; ICF: InternaƟonal  
ClassiĮcaƟon of FuncƟoning, Disability, and Health; 6-MWT: 6-Minute Walk Test; SF-36: 36-item Short 
Form Health Survey.

Muscle Power
The weighted squat was assessed using a GymAware device (KineƟc Performance Technol-
ogy, Canberra, Australia), a portable Linear PosiƟonal Transducter (LPT with angle measure-

ment), which can be aƩached to free weights. 26–28 ParƟcipants were instructed to sit on a 
box and rise to stand at a controlled tempo, while simultaneously holding two 6kg dumbbells 
at shoulder height. The assessed outcome variables were peak and mean power (WaƩ) and 
peak and mean velocity (m/s).

Anaerobic Power
The Wingate test consisted of a 5-minute warm-up, a 30-second sprint, and a 2-minute cool 
down performed on a WaƩbike Pro/Trainer (WaƩbike, Noƫngham, United Kingdom). ParƟc-

ipants were instructed to try to reach their maximum cycling speed early in the sprint and 
to try to maintain this speed for 30-seconds. Outcome variables were average power (WaƩ), 
peak power (WaƩ), cadence (revoluƟons per minute), and faƟgue factor (%).

Physical Performance 
The 6-MWT was conducted in a training facility on a Ňat surface of 12 meters long. ParƟci-
pants were instructed to walk as far as possible during the 6 minutes and were told to be able 
to take breaks as needed but to conƟnue walking again as soon as they deemed this possible. 
Outcome variables were the total distance covered in 6 minutes and the BORG scale for ex-

hausƟon conducted following the 6-MWT. 29–31

Physical AcƟvity in Daily Life
ParƟcipants were instructed to wear a MoveMonitor (McRoberts, the Hague, the Nether-
lands) around their waist for 7 consecuƟve days, removing the device only when bathing/
showering/swimming, or sleeping. The MoveMonitor is an accelerometer that records phys-

ical acƟvity by measuring movement parameters, such as the duraƟon of movement and the 
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number of long and short episodes of movement. A walking bout ranging between 1 to 24 
seconds was considered a short walking bout, while walking bouts >24 seconds were consid-
ered long walking bouts. A daily journal was also kept in which parƟcipants noted their daily 
acƟviƟes and any special circumstances throughout the day. Outcome variables were gait ac-
Ɵvity, the total Ɵme a parƟcipant wore the accelerometer, total number of walking bouts, and 
total number of short and long walking bouts. Gait acƟvity is an expression use by McRoberts 
for the duraƟon of acƟvity and number of walking bouts measured in 24 hours.

Health Status
The health status of parƟcipants was evaluated using the SF-36, a widely used and validated 
instrument that assesses the health and well-being of individuals through a self-administered 
quesƟonnaire 32 Although the complete SF-36 quesƟonnaire was administered, our primary 
focus lies on Įve speciĮc domains: physical funcƟoning, energy/faƟgue, emoƟonal well-be-
ing, social funcƟoning, and general health.

AddiƟonal Baseline Measurements
The following demographic, anthropometric, and clinical variables were also obtained from 
parƟcipants: age, sex, level of educaƟon, smoking status, cholesterol, presence of chronic 
disease, medicaƟon use, blood pressure, resƟng heart rate, weight, fat index (%), fat and 
muscle mass (kg), BMI, working status, parƟcipaƟon in sports, and whether there were any 
injuries/funcƟonal limitaƟons.

StaƟsƟcal Analyses
ParƟcipant data obtained at baseline (week 0) and following the intervenƟon (week 12) were 
entered manually into Excel (MicrosoŌ, Redmond, USA), and cleaned prior to data analy-
sis using SPSS (IBM, Chicago, USA). ConƟnuous variables are presented as mean (standard 
deviaƟon) or median (interquarƟle range), whereas categorical variables are presented as 
frequency (percentage per category). The preliminary eīecƟveness of Powerful Ageing was 
evaluated by tesƟng the diīerences between measurements at baseline (week 0) and follow-
ing the intervenƟon (week 12) using a paired samples t-test or Wilcoxon signed rank test. The 
level of signiĮcance was set at p < 0.05.
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Results

ParƟcipant CharacterisƟcs
A total of 110 visitors to the Sport & Science Center were eligible to parƟcipate in the study.  
Thirty individuals were invited at random to parƟcipate in the study and all of them accepted. 
Two parƟcipants were excluded from analyses evaluaƟng preliminary eīecƟveness due to an 
error in the registraƟon of accelerometers, leaving 28 parƟcipants for which these outcome 
data were available. However, the two parƟcipants were included in the analyses evaluaƟng 
feasibility. ParƟcipant characterisƟcs at baseline are shown in Table 3. 

Feasibility

Feasibility results are summarized in Table 4. The retenƟon rate throughout the full trial pe-

riod was 100%, as all 28 parƟcipants whom completed baseline assessment also completed 
the power training intervenƟon. The aƩendance of training sessions was 100%, and a review 
of training records indicated that all 30 parƟcipants were able to complete the prescribed 
exercises within the 45-minute training sessions, making the compliance rate also 100%. 
Throughout the study period, there were no reports of new injuries, physical complaints 
lasƟng longer than 48 hours, or adverse events related to power training. The drop-out rate 
due to injury was 0%.

Preliminary EīecƟveness
Results for the preliminary eīecƟveness of Powerful Ageing are summarized in Table 5. With-

in the funcƟon domain, signiĮcant improvement was measured in all outcome variables for 
muscle power and anaerobic power. Within the acƟviƟes domain, the total distance walked 
during the 6-MWT improved signiĮcantly (p<0.001) while there was no change in the BORG 
test. Regarding physical acƟvity in daily life in the parƟcipaƟon domain, gait acƟvity, total 
walking bouts, total short walking bouts, and total long walking bouts increased slightly, but 
not enough to reach staƟsƟcal signiĮcance. For health status, a trend showing improvement 
in the energy/faƟgue, emoƟonal well-being, and general health domains of the SF-36 was 
found, but not enough to reach staƟsƟcal signiĮcance. Scores for the physical funcƟoning and 
social funcƟoning domain of the SF-36 remained the same, and approached the maximum 
score of 100 points both at baseline and at week 12. 
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Table 3: Study populaƟon at baseline

Variable Summary N

Age (years) 68.25 (6.16) 28
Sex (male) 16 (57.10%) 28
Level of educaƟon
     Primary 
     Secondary
     Post-secondary

3 (11.5%)
7 (26.9%)
16 (61.6%)

26

Smoker 1 (3.8%) 26

Cholesterol (mg/dL) 4.69 (0.66) 25
Presence of chronic disease 5 (20.00%) 25
MedicaƟon use 12 (46,2%) 26

Systolic blood pressure (mmHg) 159.4 (21.73) 26

Diastolic blood pressure (mmHg) 95.29 (14.97) 26

ResƟng heart rate (bpm) 77.87 (14.08) 26

Weight (kg)* 84.00 (23.50) 28
Fat index (%) 32.08 (9.97) 28
Fat mass (kg)* 25.70 (17.80) 28
Muscle mass (kg)* 58.90 (24.10) 28
BMI* 26.85 (8.50) 28
Currently working 3 (11.5%) 26

ParƟcipaƟon in sports 10 (32.3%) 26

Injuries/ funcƟonal limitaƟons 5 (17.90%) 28

CapƟon: ConƟnuous variables are expressed as mean (SD) unless indicated by an asterisk*, in which 
case median (IQR) range are reported and categorical variables are expressed  as frequency (% per 
category). BMI: body mass index.

Table 4: Feasibility of power training in older adults.

Feasibility outcome Value

RetenƟon 100% 
Adherence
     Training aƩendance
     Compliance

100%
100%

Safety (drop-out) 0%

CapƟon: N=30.
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Discussion

Results indicate that Powerful Ageing was highly feasible among older adults, as intervenƟon 
retenƟon, training aƩendance, and compliance rates were very high and the drop-out rate 
due to injuries was 0%. Furthermore, preliminary results with regards to the eīecƟveness 
suggest that Powerful Ageing may improve muscle power and anaerobic power (funcƟon do-

main), and physical performance (acƟviƟes domain) in older adults. However, no signiĮcant 
eīect was found for physical acƟvity in daily life or health status (parƟcipaƟon domain). 

These results are in line with other studies evaluaƟng the eīects or feasibility of power train-

ing in older adults 12,33–35 However, the present study has several addiƟonal strengths that add 
to the current literature. Previous studies assessed their training protocol using tests that 
focused solely on the strength or velocity component of muscle power. 16 The sit-to-stand 
test is commonly used to measure muscle power, but this test predominantly measures the 
velocity component of muscle power and does not take the contracƟon force at which the 
moƟon is performed into account. In the present study, a weighted squat was performed us-

ing GymAware equipment to capture the strength and velocity components of muscle power 
simultaneously. Similarly, assessing anaerobic power in an older adult populaƟon is oŌen 
done in brief and using measures that provide only an indicaƟon of their anaerobic capacity, 
such as ergometer or treadmill acƟviƟes and post-exercise measurement of blood lactate 
levels 36,37 In contrast, the current study used the Wingate Test, which is considered a widely 
accepted standard and oīers a more accurate reŇecƟon of an individual's anaerobic capacity. 
It is crucial that power training intervenƟons are tailored towards older adults, including spe-

cial consideraƟons for the intensity of training, risk of injury, and safety of the parƟcipant.22 

Health pracƟƟoners and professionals might assume that performing skeletal muscle con-

tracƟons “as fast as possible” may be dangerous and unsafe for older adults, parƟcularly if 
clinical condiƟons are associated with advanced age. However, injuries caused by training in 
older adults occur most oŌen when individuals exert themselves at or near maximal mus-

cular force, or perform a combinaƟon of heavy and repeƟƟve workloads unƟl exhausƟon.38
 

Therefore, an exercise training aimed at increasing muscle power using lower external loads 
(20-30% 1RM) than strength training and  performed without muscle exhausƟon, can be 
expected to reduce the risk of injury. AddiƟonally, it is of high importance to also take the 
individual’s health status and physical limitaƟons into account and modify or tailor the exer-
cises accordingly. Proper supervision and guidance throughout the intervenƟon are crucial 
for ensuring safety and eīecƟveness.
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Our results suggest that an increase in muscle power (funcƟon domain) and physical perfor-
mance (acƟviƟes domain) may not necessarily translate to heightened levels of physical acƟv-
ity in daily life (parƟcipaƟon domain). These Įndings underscore the signiĮcance of addiƟonal 
factors, such as moƟvaƟon, environmental barriers, and individual habits, which are likely 
to substanƟally contribute to individuals' engagement in physical acƟvity and their overall 
health outcomes. Consequently, a singular emphasis on enhancing muscle power and physi-
cal performance may prove insuĸcient to eīect substanƟal changes in daily physical acƟvity 
among older adults. 

LimitaƟons to this study are the small sample size, short duraƟon of the study, and the fact 
that the study was limited to one geographical area, which are characterisƟcs of a pilot study. 
Future research in the form of a randomized controlled trial containing a larger sample size 
and longer follow-up period would be valuable in further invesƟgaƟng the eīects of power 
training in older adults. A more extensive list of covariates should also be obtained, including 
diet, personal medical history, geneƟc history, and lifestyle factor, as such factors may inŇu-
ence results. AddiƟonally, the ceiling eīect observed in the SF-36 was a limitaƟon to the pres-
ent study, as this inŇuenced our ability to measure an improvement in health status following 
the Powerful Ageing. At baseline, mean scores for SF-36 domains ranged between 69-100 
points, suggesƟng that our study populaƟon may have been ‘too Įt’ in certain domains of the 
SF-36 to capture a signiĮcant improvement. Future studies evaluaƟng change health status 
following a power training intervenƟon may need to use a diīerent instrument or should aim 
speciĮcally at parƟcipants of lower health status. We assumed that study parƟcipants had 
experienced age-related decreases in muscle power prior to the start of the intervenƟon, 
however, it would have been beƩer if measurements prior to baseline were taken to verify 
the assumed reducƟon in muscle power.

Conclusions

Powerful Ageing was feasible in older adults, with high rates of intervenƟon retenƟon, ad-
herence, and safety. The intervenƟon may also improve muscle power, anaerobic power, and 
physical performance in older adults, but appears not to aīect physical acƟvity in daily life 
and health status. Further research in the form of a randomized controlled trial using a val-
idated measurement set is needed to evaluate the eīects of power training in older adults.

Acknowledgements

We would like to thank our colleagues at Health Research Consultancy (HRC) and Sports & 
Science in Lochem, the Netherlands. 



174

Chapter 6

References

1.	 Cristea M, Noja GG, Stefea P, Sala AL. The Impact of PopulaƟon Aging and Public Health Support on 
EU Labor Markets. Int J Environ Res Public Health. 2020;17(4):1439. doi:10.3390/ijerph17041439

2.	 World Health OrganizaƟon. World Report on Ageing and Health. 2015.
3.	 Bassey EJ, Fiatarone MA, O’neill EF, Kelly M, Evans WJ, Lipsitz LA. Leg extensor power and funcƟon-

al performance in very old men and women. Clin Sci. 1992;82(3):321-327. doi:10.1042/cs0820321
4.	 Bean JF, Kiely DK, LaRose S, O’Neill E, Goldstein R, Frontera WR. Increased velocity exercise speciĮc 

to task training versus the naƟonal insƟtute on aging’s strength training program: Changes in limb 
power and mobility. Journals of Gerontology - Series A Biological Sciences and Medical Sciences. 
2009;64(9):983-991. doi:10.1093/gerona/glp056

5.	 Skelton DA, Young A, Greig CA, Malbut KE. Eīects of resistance training on strength, power, and se-
lected funcƟonal abiliƟes of women aged 75 and older. J Am Geriatr Soc. 1995;43(10):1081-1087. 
doi:10.1111/j.1532-5415.1995.tb07004.x

6.	 MeƩer EJ, Conwit R, Tobin J, Fozard JL. Age-associated loss of power and strength in the upper ex-
tremiƟes in women and men. Journal of Gerontology: Biological Sciences. 1997;52(5). doi:10.1093/
gerona/52a.5.b267

7.	 Raj IS, Bird SR, Shield AJ. Aging and the force–velocity relaƟonship of muscles. Exp Gerontol. 
2010;45(2):81-90. doi:10.1016/j.exger.2009.10.013

8.	 Trombeƫ A, Reid KF, Hars M, et al. Age-associated declines in muscle mass, strength, power, and 
physical performance: impact on fear of falling and quality of life. Osteoporosis InternaƟonal. 
2016;27(2):463-471. doi:10.1007/s00198-015-3236-5

9.	 Reid KF, MarƟn KI, Doros G, et al. ComparaƟve eīects of light or heavy resistance power training 
for improving lower extremity power and physical performance in mobility-limited older adults. 
Journals of Gerontology - Series A Biological Sciences and Medical Sciences. 2015;70(3):374-380. 
doi:10.1093/gerona/glu156

10.	 Foldvari M, Clark M, LavioleƩe LC, et al. AssociaƟon of Muscle Power With FuncƟonal Status in Com-

munity-Dwelling Elderly Women. J Gerontol. 2000;55(4):192-199. doi:10.1093/gerona/55.4.m192
11.	 Sayers SP, Gibson K. A Comparison of High-Speed Power Training and TradiƟonal Slow-Speed Resist-

ance Training in Older Men and Women. J Strength Cond Res. 2010;24(12):3369-3380. doi:hƩps:// 
doi. org/ 10. 1519/ JSC. 0b013 e3181 f00c7c

12.	 Miszko TA, Cress ME, Slade JM, Covey CJ, Agrawal SK, Doerr CE. Eīect of Strength and Power Train-
ing on Physical FuncƟon in Community-Dwelling Older Adults. Journal of Gerontolfot: MEDICAL 
SCIENCES. 2003;58A(2):171-175. doi:hƩps:// doi. org/ 10. 2144/ 00011 2656.

13.	 Cronin J, Sleivert G. Challenges in Understanding the InŇuence of Maximal Power Training on 
Improving AthleƟc Performance. Sports Medicine. 2005;35(3):213-234. doi:10.2165/00007256-
200535030-00003

14.	 BoƩaro M, Machado SN, Nogueira W, Scales R, Veloso J. Eīect of high versus low-velocity resist-
ance training on muscular Įtness and funcƟonal performance in older men. Eur J Appl Physiol. 
2007;99(3):257-264. doi:10.1007/s00421-006-0343-1

15.	 el Hadouchi M, Kiers H, de Vries R, Veenhof C, van Dieën J. EīecƟveness of power training com-

pared to strength training in older adults: a systemaƟc review and meta-analysis. European Review 
of Aging and Physical AcƟvity. 2022;19(1). doi:10.1186/s11556-022-00297-x



6

175

Power Training in Older Adults: A Pilot and Feasibility Study

16.	 el Hadouchi M, Kiers H, Boerstra BA, Veenhof C, van Dieën J. TherapeuƟc validity and replicability 
of power training intervenƟons in older adults: A review using the TIDieR checklist and CONTENT 
scale. Heliyon. 2024;10(2):e24362. doi:10.1016/j.heliyon.2024.e24362

17.	 el Hadouchi M, Kiers H, Boerstra B, et al. The reliability, validity, and responsiveness of tests used to 
assess the eīects of power training in older adults: a systemaƟc review. Physical Therapy Reviews. 
Published online July 15, 2024:1-14. doi:10.1080/10833196.2024.2376439

18.	 Strotmeyer ES, Winger ME, Cauley JA, et al. NormaƟve Values of Muscle Power using Force Plate 
Jump Tests in Men Aged 77-101 Years: The OsteoporoƟc Fractures in Men (MrOS) Study. J Nutr 
Health Aging. 2018;22(10):1167-1175. doi:10.1007/s12603-018-1081-x

19.	 Izquierdo M, Häkkinen K, Antón A. Maximal strength and power, endurance performance, and 
serum hormones in middle-aged and elderly men. Med Sci Sports Exerc. 2001;33(9):1577-1587. 
doi:10.1097/00005768-200109000-00022

20.	 de Vos NJ, Singh NA, Ross DA, Stavrinos TM, Orr R, Fiatarone Singh MA. OpƟmal Load for Increasing 
Muscle Power During Explosive Resistance Training in Older Adults. J Gerontol A Biol Sci Med Sci. 
2005;60(5):638-647. doi:10.1093/gerona/60.5.638

21.	 Newton RU, Murphy AJ, Humphries BJ, Wilson GJ, Kraemer WJ, Häkkinen K. InŇuence of load and 
stretch shortening cycle on the kinemaƟcs, kineƟcs and muscle acƟvaƟon that occurs during explo-
sive upper-body movements. Eur J Appl Physiol. 1997;75(4):333-342. doi:10.1007/s004210050169

22.	 Haī GG, Nimphius S. Training Principles for Power. Strength Cond J. 2012;34(6):2-12. doi:10.1519/
SSC.0b013e31826db467

23.	 Hoīmann TC, Glasziou PP, Boutron I, et al. BeƩer reporƟng of intervenƟons: Template for interven-
Ɵon descripƟon and replicaƟon (TIDieR) checklist and guide. BMJ (Online). 2014;348. doi:10.1136/
bmj.g1687

24.	 McGinley JL, MarƟn C, Huxham FE, et al. Feasibility, Safety, and Compliance in a Randomized 
Controlled Trial of Physical Therapy for Parkinson’s Disease. Parkinsons Dis. 2012;2012:1-8. 
doi:10.1155/2012/795294

25.	 De Geest S, Sabaté E. Adherence to Long-Term Therapies: Evidence for AcƟon. European Journal of 
Cardiovascular Nursing. 2003;2(4):323-323. doi:10.1016/S1474-5151(03)00091-4

26.	 Grgic J, Scapec B, Pedisic Z, Mikulic P. Test-Retest Reliability of Velocity and Power in the Dead-
liŌ and Squat Exercises Assessed by the GymAware PowerTool System. Front Physiol. 2020;11. 
doi:10.3389/fphys.2020.561682

27.	 Dorrell HF, Moore JM, Smith MF, Gee TI. Validity and reliability of a linear posiƟonal transducer 
across commonly pracƟsed resistance training exercises. J Sports Sci. 2019;37(1):67-73. doi:10.10
80/02640414.2018.1482588

28.	 Lorenzeƫ S, Lamparter T, Lüthy F. Validity and reliability of simple measurement device to assess 
the velocity of the barbell during squats. BMC Res Notes. 2017;10(1):707. doi:10.1186/s13104-
017-3012-z

29.	 Borg GA. Psychophysical bases of perceived exerƟon. Med Sci Sports Exerc. 1982;14(5):377-381.
30.	 Seiler KS, Kjerland GØ. QuanƟfying training intensity distribuƟon in elite endurance athletes: 

is there evidence for an “opƟmal” distribuƟon? Scand J Med Sci Sports. 2006;16(1):49-56. 
doi:10.1111/j.1600-0838.2004.00418.x

31.	 Foster C, Florhaug JA, Franklin J, et al. A new approach to monitoring exercise training. J Strength 
Cond Res. 2001;15(1):109-115.



176

Chapter 6

32.	 Gladman JRF. Assessing health status with the SF-36. Age Ageing. 1998;27(1):3-3. doi:10.1093/
ageing/27.1.3

33.	 Balachandran A, Krawczyk SN, PoƟaumpai M, Signorile JF. High-speed circuit training vs hypertro-
phy training to improve physical funcƟon in sarcopenic obese adults: A randomized controlled trial. 
Exp Gerontol. 2014;60:64-71. doi:10.1016/j.exger.2014.09.016

34.	 Cadore EL, Rodríguez-Mañas L, Sinclair A, Izquierdo M. Eīects of Diīerent Exercise IntervenƟons 
on Risk of Falls, Gait Ability, and Balance in Physically Frail Older Adults: A SystemaƟc Review. Reju-
venaƟon Res. 2013;16(2):105-114. doi:10.1089/rej.2012.1397

35.	 Radaelli R, Trajano GS, Freitas SR, Izquierdo M, Cadore EL, Pinto RS. Power Training PrescripƟon in 
Older Individuals: Is It Safe and EīecƟve to Promote Neuromuscular FuncƟonal Improvements? 
Sports Medicine. 2023;53(3):569-576. doi:10.1007/s40279-022-01758-0

36.	 GasƟn PB, Lawson DL. Variable resistance all-out test to generate accumulated oxygen deĮcit and 
predict anaerobic capacity. Eur J Appl Physiol Occup Physiol. 1994;69(4):331-336. doi:10.1007/
BF00392039

37.	 Noordhof DA, de Koning JJ, Foster C. The Maximal Accumulated Oxygen DeĮcit Method. Sports 
Medicine. 2010;40(4):285-302. doi:10.2165/11530390-000000000-00000

38.	 Sousa N, Mendes R, Abrantes C, Sampaio J, Oliveira J. EīecƟveness of combined exercise training 
to improve funcƟonal Įtness in older adults: A randomized controlled trial. Geriatr Gerontol Int. 
2014;14(4):892-898. doi:10.1111/ggi.12188



6

Power training in older adults: A pilot and feasibility study





The Impact of Power Training on Muscle Power, 
Physical Performance, and Physical FuncƟoning in Older Adults: 

a DescripƟve Case Series

7 

Clin Interv Aging. 2025 Jun; 20: 849-857

Mohamed el Hadouchi 

Henri Kiers

Cindy Veenhof

Jaap van Dieen



180

Chapter 7

Abstract: 

Purpose: Powerful Ageing (PA) is a power training intervenƟon oīered by Dutch municipali-
Ɵes to improve the physical funcƟoning of its older residents, thereby reducing their reliance 
on assisƟve living devices and social support services. This study aimed to invesƟgate the 
eīects of PA on muscle power, physical performance, and physical funcƟoning in older adults 
immediately following the intervenƟon and 1-year following the intervenƟon.

PaƟents and methods: The design of the study was a prospecƟve longitudinal case series. 
Eligible older adults requesƟng social support services from their municipality parƟcipated 
in a 14-week power training intervenƟon. Primary outcomes were categorized according to 
ICF health domains: within the funcƟon domain, muscle power was measured with a Power 
Squat Test and a liŌing test (deadliŌ); within the acƟviƟes domain, physical performance was 
assessed using the Star Agility Run and the Timed Up-and-Go Test; and within the parƟcipa-
Ɵon domain, physical funcƟoning was assessed using the paƟent-speciĮc complaints ques-
Ɵonnaire. The parƟcipant’s level of moƟvaƟon, a secondary outcome, was assessed using a 
short quesƟonnaire. 

Results: ParƟcipants showed staƟsƟcally signiĮcant improvements performing the Power 
Squat Test, the LiŌing Test, the Star Agility Run, and the Timed Up-and-Go Test immediately 
following PA. AddiƟonally, acƟviƟes of daily life became signiĮcantly less diĸcult to perform. 
Among parƟcipants who conƟnued power training following the intervenƟon, these improve-
ments were even greater at 1-year follow up. ParƟcipant moƟvaƟon was high throughout the 
duraƟon of the study.

Conclusion: PA led to signiĮcant improvements in muscle power, physical performance, and 
physical funcƟoning in older adults. Among parƟcipants who conƟnued power training in 
the year following the intervenƟon, improvements progressed even further, suggesƟng long-
term beneĮts. Further research is needed to conĮrm the sustainability of the eīects of power 
training in older adults.

Keywords: exercise intervenƟon; elderly
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IntroducƟon

The global populaƟon is ageing rapidly, with projecƟons esƟmaƟng more than two billion 
individuals aged 60 years or older by 2050.1 This shiŌ in demographic underscores the impor-
tance of addressing age-related declines in physical funcƟoning. Successful ageing involves 
maintaining an acƟve lifestyle, independent funcƟonality, and societal engagement. Unfor-
tunately, ageing is characterized by a decline in muscle power, muscle mass, and muscle 
strength,2–4 negaƟvely aīecƟng physical funcƟoning and the ability to perform acƟviƟes of 
daily life. Preserving physical performance and funcƟoning is crucial for maintaining physical 
independence, and these aspects are closely linked to muscle power. Muscle power, deĮned 
as the product of muscle force and contracƟon velocity,5,6 is vital for tasks requiring rapid 
muscle contracƟons, such as standing up from a chair, climbing stairs, and reacƟng to balance 
perturbaƟons. Muscle power can be maintained and improved by power training, a form of 
resistance training with the emphasis on the ability to generate muscle force rapidly.7–10 Pow-

er training appears to be a promising way to maintain or restore muscle power and physical 
performance in older adults.11

Powerful Ageing (PA) is a power training intervenƟon oīered by Dutch municipaliƟes to im-

prove the physical funcƟoning of its residents, thereby reducing their reliance on assisƟve 
living devices and social support services. By increasing older residents’ ability to live inde-

pendently at home longer, healthcare costs can be reduced and quality of life can be in-

creased. A recent pilot study demonstrated that the PA program is safe, feasible, and replica-

ble in older adults.12 AddiƟonally, it was concluded that PA was therapeuƟcally valid and met 
the proposed criteria for power training (Appendices 1 and 2). Over the past Įve years, the 
implementaƟon of PA across the Netherlands further shows the program's scalability and 
potenƟal impact, while the adaptability to various seƫngs and its integraƟon into exisƟng 
healthcare systems highlight its potenƟal for promoƟng acƟve ageing. However, further re-

search is needed to invesƟgate the intervenƟon's eīecƟveness. 

Therefore, the aim of this descripƟve case series was to assess the eīects of PA on muscle 
power, physical performance, and physical funcƟoning in older adults immediately following 
the intervenƟon and one year following the intervenƟon. Compared to our previously-pub-

lished pilot study, 12 this study used an older, larger, and more heterogeneous populaƟon of 
older adults and a wider range of outcome measurements. 
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Methods

Study Design
This study followed older adults who parƟcipated in PA, a 14-week power training interven-
Ɵon conducted at various primary care physiotherapy centers across the Netherlands. The 
design of the study was a prospecƟve longitudinal case series, with measurements obtained 
as baseline (T0), immediately following PA (T1), and one year following PA during which par-
Ɵcipants conƟnued to pracƟce power training (T2). Ethical approval for this study was ob-
tained from the Ethical Commission of Research at the University of Applied Sciences Utrecht.

ParƟcipant SelecƟon
The Social Support Act is a Dutch government iniƟaƟve that provides support to residents 
in the form of domesƟc help, a mobility scooter, or a chair liŌ to allow residents to conƟnue 
to live independently. Since 2019, PA has been integrated into the Social Support Act, giving 
residents the opportunity to improve their physical funcƟoning before requesƟng addiƟonal 
support. Older adults requesƟng support via the Social Support Act between October 2020 
and April 2023 and who met eligibility criteria were invited to parƟcipate, and parƟcipant 
recruitment was facilitated by municipality consultants. A total of 17 municipaliƟes parƟc-
ipated: Almelo, Boxtel, Coevorden, DelŌ, Eemsdelta, Het Hogeland, Hoogeveen, Maassluis, 
Midden DelŇand, Rheden, Schiedam, Smallingerland, Valkenswaard, Vlaardingen, Westland, 
Weststellingerwerf, and Zoetermeer.  

To qualify for the study, parƟcipants had to be >55 years of age, reside at home, and be 
capable of independently traveling to the training facility. Individuals with chronic mental 
disorders or physical ailments that would hinder full parƟcipaƟon in tesƟng or training (e.g. 
Alzheimer’s disease, neurological disorders, or acute cardiovascular disease) were not includ-
ed in the study. AddiƟonally, a fall risk assessment was conducted to determine parƟcipant 
eligibility for group training. The Fall Risk Assessment tool, comprising of three key quesƟons, 
was uƟlized to rapidly idenƟfy individuals at increased fall risk.13 QuesƟons addressed recent 
fall history, concern about falling, and mobility diĸculƟes. ParƟcipants responding negaƟvely 
to all quesƟons were classiĮed as low risk, while an aĸrmaƟve response to any quesƟon in-
dicated increased risk. Those categorized as having increased fall risk were excluded from the 
study to ensure parƟcipant safety during group exercises.

Once eligibility was conĮrmed, parƟcipants were verbally briefed on study procedures and 
received wriƩen informaƟon about the purpose, procedures, as well as potenƟal risks and 
beneĮts during a group session. Informed consent was then obtained from each parƟcipant 
before tesƟng commenced. 
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Training Protocol
The training protocol for PA has been described elsewhere using criteria from the Template 
for IntervenƟon DescripƟon and ReplicaƟon Checklist (TIDieR).14 The included older adults 
parƟcipated in a 45-minute power training session, twice a week, for 14 weeks under the 
guidance of an experienced physical therapist. Prior to leading the power training interven-

Ɵon, physical therapists completed a 3-day course which covered the PA training protocol, 
working with older adults, and integraƟng exercises into acƟviƟes of daily life. Training groups 
were limited to eight parƟcipants to ensure individualized instrucƟon and supervision such 
that proper technique, intensity, and set numbers were achieved. Following compleƟon of 
the 14-week power training, some municipaliƟes oīered parƟcipants the opportunity to 
conƟnue training, however, in most municipaliƟes, this was not feasible to organizaƟonal fac-

tors and a lack of resources. Each training session began with an overview of the objecƟves 
and detailed instrucƟons emphasizing movement speed. The 10-minute warm-up included 
movements and funcƟonal exercises from the day's training with minimal or no weight, al-
lowing parƟcipants to become familiar with the exercises, while enabling the physical thera-

pist to assess their technique. Each training session involved three components: (1) Olympic 
weight liŌing, such as deadliŌ high pulls, clean and press, back squats, and snatches; (2) 
sprint and agility training; and (3) funcƟonal movement rouƟnes like step-up lunges, burpees, 
and stair climbing. Throughout the training sessions, individuals were directed to complete 3 
sets of 5-7 repeƟƟons within a designated Ɵmeframe (e.g., 10 seconds). The exercises were 
executed with deliberate control, focusing on rapid explosive muscle contracƟon and gradual 
relaxaƟon (the movement rhythm followed a paƩern with 1 second concentric contracƟons 
and 3 second eccentric contracƟons without rest in between). Between exercises, parƟci-
pants had the opƟon to take a 2 to 5 minutes rest as required, ensuring they could perform 
at their peak velocity for each exercise.

The exercise load ranged from 20-30% of 1-repeƟƟon maximum (1-RM). The training load 
was gradually increased when a parƟcipant could comfortably complete the prescribed num-

ber of repeƟƟons within the speciĮed Ɵme frame (e.g., 5 hang-cleans in 10 seconds) by in-

creasing the weight or the number of sets performed. 

Outcome Measurements
Primary outcomes were categorized according to the health domains of the InternaƟonal 
ClassiĮcaƟon of FuncƟoning, Disability and Health (ICF).15 AddiƟonally, parƟcipant level of 
moƟvaƟon was assessed as a secondary outcome using 6 quesƟons scored on a 5-point Likert 
scale. The maximum score was 30 points, and parƟcipants were considered ‘moƟvated’ if 
their score exceeded 18 points (Appendix 3).
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Muscle Power (funcƟon domain of the ICF)
Power Squat Test

A Power Squat Test was performed and measured with a GymAware device (KineƟc Per-
formance Technologies, Canberra, Australia), which is a Linear Power Transducer used for 
measuring sport and performance.16 ParƟcipants were directed to maintain a controlled 
tempo moving from squaƫng to standing, holding a 6kg dumbbell at shoulder height. During 
the Power Squat Test, parƟcipants were instructed to perform a rapid and explosive squat 
movement, aiming for maximal power output. Outcome variables were the velocity (m/s) of 
movement and power output (WaƩ).

LiŌing Test (DeadliŌ)
The liŌing test  required parƟcipants to liŌ a 6kg dumbbell at a controlled pace, extend-
ing their arms unƟl the dumbbell reached hip height. ParƟcipants were instructed to push 
through their heels, simultaneously extend their knees and hips, and liŌ the dumbbell close 
to their bodies along the shins and thighs. It was emphasized to keep the arms straight and 
maintain a neutral back posiƟon, using the legs and hips to generate the liŌing force. The test 
uƟlized the GymAware for data collecƟon.

Physical Performance (acƟviƟes domain of the ICF)
Star Agility Run

The star agility run test requires parƟcipants to move through a series of low training cones 
arranged in a square, with one cone posiƟoned at the center. The goal was for the parƟcipant 
to tap each cone as they moved through the star-paƩerned course. We recorded the number 
of cones touched in 30 seconds.

Timed Up-and-Go Test
The Timed Up and Go assessment involved walking to a cone placed 3 meters away, circling 
around it, and returning to the chair. The Ɵme taken was recorded from when the parƟcipant 
began unƟl they touched the chair again at the end of the test.

Physical FuncƟoning (parƟcipaƟon domain of the ICF)
PSK QuesƟonnaire
The PSK quesƟonnaire is a paƟent-speciĮc complaint survey that asks respondents to idenƟfy 
and rate 3 acƟviƟes of daily life they Įnd diĸcult to perform. ParƟcipants rated the diĸculty 
of the acƟvity on a scale of 0-100, where 0 represents no diĸculty and 100 signiĮes the acƟv-
ity is impossible for them. The Įrst part of the PSK focuses on measuring these diĸculƟes at 
the acƟvity level. However, in this study, we used the second part to draw conclusions about 
parƟcipaƟon in daily life acƟviƟes at home, using the diĸculty raƟng to make inferences 
about problems with parƟcipaƟon in acƟviƟes of daily life.
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StaƟsƟcal Analysis
Usual care data were collected at baseline (T0) and at 14-weeks following the intervenƟon 
(T1). In the municipaliƟes that oīered conƟnued power training following the intervenƟon, 
measurements were also taken at 1-year follow-up (T2). The quality of the data was checked 
in Excel (MicrosoŌ, Redmond, United States) prior to analysis in SPSS (IBM, Chicago, United 
States). ConƟnuous variables were expressed as mean (standard deviaƟon) or median (in-

terquarƟle range), while categorical variables were presented as frequency (percentage per 
category). A paired t-test or Wilcoxon matched-pair signed rank test of complete cases was 
used to test diīerences in measurements taken at baseline (T0) and immediately following 
the intervenƟon (T1). Due to a limited availability of data at 1-year follow up (T2), the eīect 
of Powerful Ageing at 1-year following the intervenƟon was not tested for staƟsƟcal signiĮ-

cance. Fewer parƟcipants were measured at T2 as a result of organizaƟonal factors, such as 
the lack of a municipality’s ability to conƟnue to provide power training to a growing group 
of older adults. Therefore, data measured at 1-year following the intervenƟon were used to 
make observaƟons about longitudinal trends and about program retenƟon. 

Results

Study ParƟcipants
Baseline data were available for a total of 484 older adults across 17 municipaliƟes in the 
Netherlands (Table 1). ParƟcipants were mostly female (34%), averaged nearly 79 years of 
age, with a body mass index (BMI) of 28.97 kg/m2. The majority of paƟents had self-reported 
injuries and/or chronic diseases.

Muscle Power (funcƟon domain of the ICF)
For the Power Squat Test, both mean power and peak power increased signiĮcantly from 
353.91 and 592.30 WaƩ (W) at baseline to 427.10 and 761.21 W, respecƟvely, follow-

ing PA (Table 2). Among parƟcipants who conƟnued power training following the inter-
venƟon, mean and peak muscle power increased to 502 and 945.4 W at 1-year follow-up  
(Appendix 4). Mean and peak velocity increased similarly, from 0.41 and 0.72 m/s at base-

line to 0.51 and 0.87 m/s immediately following the intervenƟon. The overall Ɵme it took 
to perform 5x Power Squat Test also improved, from 19.97 s at baseline to 14.79 s. Among 
parƟcipants who conƟnued power training, one year later, the Ɵme it took to complete 5x 
Power Squat Test was 11.10 seconds.
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Table 1: ParƟcipant characterisƟcs

Variable Baseline value N

Sex, male 170 (34.4%) 479

Age, years 78.8 (8.2) 484

BMI, kg/m2 29.0 (5.0) 122
Muscle mass, % 49.5 (12.5%) 122
Fat mass, % 30.1 (11.0) 121
SBP, mmHg 149.5 (20.6) 224
DBP, mmHg 88.1 (13.8) 221
ResƟng HR, bpm 72.8 (12.0) 214
Current smoker 29 (5.9%) 303
Current medicaƟon use 362 (73.1%) 412
Presence of injuries/chronic diseases*

          Hip and lower limb condiƟons
          Spinal and lower back CondiƟons

          Upper limb condiƟons
          General musculoskeletal condiƟons

          Neurological condiƟons
          CondiƟons related to chronic diseases

          SpeciĮc condiƟons
          Post-traumaƟc/surgical condiƟons

Non-speciĮc symptoms

143 (35.0%)
99 (24.3%)
60 (14.7%)
49 (12.0%)
41 (10.0%)
266 (65.2%)
25 (6.1%)
21 (5.1%)
36 (8.8%)

408

Currently working 11 (2.2%) 350
Municipality region

North
East

South

West

 

122 (24.7%)
113 (22.9%)
59 (11.9%)
200 (40.5%)

495

Living situaƟon
Independent without stairs

Independent with stairs

 

155 (38.6%)
247 (61.4%)

402

CapƟon: Due to the pragmaƟc nature of the study, not all baseline measurements were available for 
all parƟcipants, leading to varying degrees of N. * = self-reported injuries/chronic diseases.
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For the deadliŌ, mean and peak power increased from 38.93 and 70.68 W at baseline to 
52.54 and 101.77 W immediately following the intervenƟon. Among parƟcipants who con-

Ɵnued power training, mean and peak power were 56.3 and 114.4 W at 1-year follow-up. 
Similarly, deadliŌ mean and peak velocity showed comparable improvements, from 0.68 and 
1.06 at baseline to 0.94 and 1.39 following PA.

Physical Performance (acƟviƟes domain of the ICF)
The number of cones touched in the Star agility run increased from 4.00 at baseline to 5.67 
immediately following the intervenƟon. This further increased to 9 at 1-year follow-up for 
parƟcipants who conƟnued power training following intervenƟon. For the Timed Up-and-Go 
test, the Ɵme to complete the task decreased from 10.18 s at baseline to 7.81 s following the 
intervenƟon, and decreased to 6.8 s one year aŌer the intervenƟon among parƟcipants who 
conƟnued power training. 

Physical FuncƟoning (parƟcipaƟon domain of the ICF)
Scores on the PSK quesƟonnaire for the three most challenging daily acƟviƟes showed signif-
icant improvements: the diĸculty scores for acƟviƟes 1 and 2 both decreased from 80 to 60, 
and the diĸculty score for acƟvity 3 decreased from 75 to 60. One year aŌer the interven-

Ɵon, PSK scores conƟnued to decrease among parƟcipants who conƟnued power training.

MoƟvaƟon
ParƟcipants were considered moƟvated to parƟcipate in the Powerful Ageing intervenƟon, 
as was reŇected by moƟvaƟon scores, with a mean of 27 at baseline and 30 following the 
intervenƟon. 

Discussion

Summary of Main Results
This study aimed to invesƟgate the eīects of PA on muscle power, physical performance, and 
physical funcƟoning in older adults immediately following PA and at 1-year follow-up. Our 
results demonstrate signiĮcant improvements in muscle power, physical performance, and 
physical funcƟoning following the PA intervenƟon. These improvements appear to be main-

tained or further enhanced one year aŌer the intervenƟon in parƟcipants who conƟnued to 
train, suggesƟng the impact of power training on the physical capabiliƟes of older adults was 
durable. The high moƟvaƟon scores increased over the training period, indicaƟng high par-
Ɵcipant engagement and saƟsfacƟon with the intervenƟon, while also mirroring the results 
of the previously-conducted feasibility study.17

 



7

189

a DescripƟve Case Series

The beneĮts of power training rely on both consistent parƟcipaƟon and the implementaƟon 
of a well-structured protocol. The program described in this study, PA, has been tested for its 
therapeuƟc validity and reproducibility, likely contribuƟng to the posiƟve results found in the 
present study. The study also supports the feasibility and acceptability of the Powerful Ageing 
intervenƟon, as evidenced by high moƟvaƟon scores and parƟcipant retenƟon rates. These 
strengths underscore the potenƟal of power training as a viable strategy to enhance physical 
funcƟon and independence among older adults.

Comparison with Previous Literature
The magnitude of improvement in our study corroborates and extends previous longitudi-
nal studies on power training in older adults. Ramírez-Campillo et al. (2014) documented 
signiĮcant improvements in funcƟonal performance metrics aŌer a 12-week power training 
intervenƟon,9 and Henwood et al.’s (2018) 24-week follow-up study aŌer an 8-week high-ve-
locity resistance training intervenƟon showed maintained improvements in muscle strength 
and power relaƟve to baseline, despite some performance decline.18 Similarly, Pereira et al. 
(2012) reported signiĮcant funcƟonal performance improvements immediately aŌer a 12-
week power training program, with parƟal retenƟon aŌer 12 months of detraining.19 Our 
study suggests not only maintenance, but improvements in muscle power and physical func-
Ɵoning over the course of one year in people who conƟnued to train. 

Strengths and LimitaƟons
This study has several notable strengths. The mulƟ-center design across mulƟple municipal-
iƟes in the Netherlands enhances the generalizability of Įndings to a broader populaƟon of 
older adults. AddiƟonally, it shows that power training intervenƟons are able to be imple-
mented in a pracƟcal community seƫng. Our use of objecƟve measures for muscle power 
and physical performance in usual care provides robust data to support the observed im-

provements. Moreover, the follow-up at 1-year post-intervenƟon oīers a beƩer understand-
ing into the potenƟal durability of the eīects of power training, however, further research is 
needed to conĮrm the sustainability of these eīects and compare these with a control group.  
Several limitaƟons should be considered when interpreƟng the results of this study. First, the 
study design was a descripƟve case series without a control group, limiƟng the  strength of 
evidence considering the eīecƟveness of the intervenƟon. Second, the study parƟally relied 
on self-reported outcomes measures, such as the PSK quesƟonnaire, which could be subject 
to response bias. However, the use of such measures also allows for inclusion of paƟent-re-
ported outcomes. Third, due to the pragmaƟc nature of the study, we encountered large 
diīerences in the availability of data between measuring points. This is a common limitaƟon 
in usual care research, where a greater emphasis is placed on the intervenƟon rather than 
research proceedings. However, this did limit our ability to assess the long-term eīects of PA. 



190

Chapter 7

It is possible that the trend observed one year following the intervenƟon is an overesƟma-
Ɵon, as it is likely that the ‘healthiest’ and ‘ĮƩest’ parƟcipants will conƟnue power training 
following the intervenƟon.

Clinical ImplicaƟons and Future Research
Care for older adults is shiŌing away from tradiƟonal forms of support, such as household 
assistance or providing aids, and instead, is acƟvely promoƟng self-reliance in physical abili-
Ɵes. The signiĮcant improvements in muscle power, physical performance, and physical func-
Ɵoning observed following the PA intervenƟon suggest that power training can be an eīec-
Ɵve component of rehabilitaƟon and prevenƟve care for older adults. IncorporaƟng power 
training into standard physiotherapy pracƟce or exisƟng intervenƟons for older adults could 
enhance the ability of older adults to maintain their independence, perform daily acƟviƟes 
more eĸciently, and potenƟally reduce the need for assisƟve devices or social support ser-
vices. The improvements observed one year post-intervenƟon suggest long-term beneĮts, 
which could be an important addiƟon to regular care plans.

The high levels of moƟvaƟon and parƟcipant saƟsfacƟon suggest that power training is a 
well-accepted and engaging form of exercise for older adults. This is criƟcal for adherence and 
long-term success in maintaining physical acƟvity levels. We should consider recommending 
power training as a key component of comprehensive care for older adults, especially for 
those who are at risk of funcƟonal decline. While these results are promising, they highlight 
the necessity for further research to conĮrm that power training is an eīecƟve intervenƟon 
for improving and maintaining physical funcƟoning in older adults, and if this is the case for 
all sub-groups as well (e.g. oldest old, those with speciĮc injuries or disorders). To do so, a 
randomized controlled trial is needed to compare the eĸcacy of power training, tradiƟonal 
strength training, general condiƟoning exercises, and usual care provided by physiotherapy. 
Such a study would provide robust evidence to determine which approach best supports the 
physical independence and quality of life of older adults. By addressing this research gap, we 
can beƩer inform clinical pracƟce and opƟmize intervenƟon strategies to support successful 
ageing. Future research should also aim to exploring the underlying mechanisms through 
which power training exerts its eīects could provide valuable insights for opƟmizing exercise 
protocols. InvesƟgaƟng factors such as neuromuscular adaptaƟons, changes in muscle archi-
tecture, and improvements in balance and coordinaƟon could help reĮne and enhance the 
eīecƟveness of power training intervenƟons.
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Conclusions

The Įndings of this study demonstrate that the Powerful Ageing intervenƟon leads to signif-
icant improvements in muscle power, physical performance, and physical funcƟoning among 
older adults. These improvements were not only found immediately following the inter-
venƟon, but also seemed to be sustained one year later among parƟcipants who conƟnued 
power training, indicaƟng long-term beneĮts of power training. Furthermore, the increase 
in moƟvaƟon scores suggests high levels of parƟcipant engagement and saƟsfacƟon with 
the intervenƟon. Further research, in the form of a randomized controlled trial, is needed 
to conĮrm the eīecƟveness of power training in older adults, both in short and long term. 
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Appendix 1: TherapeuƟc validity of Powerful Ageing

       CONTENT Criteria18 Powerful Ageing
1 The paƟent selecƟon is 

described.
PaƟents were adequately described and contraindicaƟons to 
parƟcipaƟon in Powerful Ageing were menƟoned.

2 The paƟent selecƟon is  
adequate.

Powerful Ageing is an intervenƟon tailored to older adults 
who have experienced a decline in physical funcƟoning. Our 
study populaƟon is older adults >65 years of age whom have 
requested assistance via the Social Support Act as a result of a 
decline in physical funcƟoning.

3 Eligibility criteria for therapist 
and seƫng determined and 
adequate.

Physical therapy oĸces are required to meet various eligibility 
criteria (e.g., presence of a pracƟce room and various materi-
als, such as machines and free weights).

4 The therapeuƟc exercise is 
based on a-priori aims and 
intenƟons.

Prior research shows that power training has the ability to 
produce a high power output even in older adults. We hy-

pothesized that power training would increase muscle power 
in older adults, posiƟvely eīecƟng physical performance and 
physical funcƟoning. 

5 The raƟonale for the content 
and intensity of therapeuƟc 
exercise is described and plau-

sible.

Prior research shows that power training intervenƟons using 
a high-velocity and low-force approach are most eīecƟve in 
increasing muscle power in older adults. Powerful Ageing uses 
an intensity of 20-30% 1-RM and was tailored to the safety 
and feasibility of older adults.

6 The intensity of the therapeuƟc 
exercise described.

The intensity and addiƟonal training parameters of Powerful 
Ageing are described in Table 2 using the TIDieR checklist.

7 The therapeuƟc exercise was 
monitored and adjusted when 
considered necessary.

Trainings were supervised by physical therapists and exercises 
were modiĮed if needed. Once exercises became too easy, 
weight was added to make the exercise more diĸcult. Addi-
Ɵonally, parƟcipants were monitored for injuries.

8 The therapeuƟc exercise was 
personalized and contextualized 
to the individual parƟcipant.

Prior to starƟng Powerful Ageing, parƟcipants were asked to 
idenƟfy the 3 most diĸcult acƟviƟes encountered in daily 
life using the PSK quesƟonnaire. During trainings, exercises 
were chosen that would aid in regaining the ability to perform 
those idenƟĮed acƟviƟes.

9 Adherence to the therapeuƟc 
exercise was determined and 

acceptable.

Adherence and training parƟcipaƟon was recorded.

Total score 9/9

CapƟon: Powerful Ageing is considered therapeuƟcally valid.
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Appendix 2: Power training criteria

      Concept Criteria12 Powerful Ageing
1 Type of exercises The training consists of exercises that emphasize the 

speed of the performance (e.g. Olympic weightliŌing or 
strength exercises that have been adapted into power 
exercises).

2 Movement pace The instrucƟon and execuƟon of the power exercises is  
“as fast as possible”.

3 Rate of force 

development

Each exercise should be characterized by a fast and 
powerful concentric phase, followed by a slow and steady 
eccentric phase.

4 Training load The resistance of the exercises is low. The intervenƟon 
uses a training load of 20-30% of the 1-repeƟƟon maxi-
mum (1RM) OR, a build-up range is used between 0-60% 
1RM  (0-60% 1RM for lower extremity exercises and 30-
60% 1RM for upper extremity exercises).

5 DuraƟon of 
intervenƟon

The minimum duraƟon of the intervenƟon is 8 weeks with 
a training frequency of at least twice a week.

CapƟon: Powerful Ageing meets the proposed criteria for power training.
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Appendix 3:  6 quesƟons to assess parƟcipant level of moƟvaƟon

The short quesƟonnaire used to assess parƟcipant level of moƟvaƟon is based on elements from the 
Behavioral RegulaƟon in Exercise QuesƟonnaire (BREQ) and the Intrinsic MoƟvaƟon Inventory (IMI). 
The short quesƟonnaire consists of three quesƟons related to the parƟcipant’s intenƟon and 3 ques-
Ɵons related to the parƟcipant’s self-eĸcacy. The answers to the quesƟons are scored on a 5-point 
Likert scale. parƟcipants were considered ‘moƟvated’ if their score exceeded 18 points.

IntenƟon
1.	 I intend to parƟcipate at least twice a week in power training for the next 14 weeks.

Completely disagree 1 2 3 4 5 Completely agree

2.	 I will aƩempt to parƟcipate at least twice a week in power training for the next 14 weeks.

Completely disagree 1 2 3 4 5 Completely agree

3.	 I expect to parƟcipate at least twice a week in power training for the next 14 weeks.

Completely disagree 1 2 3 4 5 Completely agree

Self-eĸcacy
4.	 If my intenƟon is to parƟcipate at least twice a week in power training the next 14 weeks, I 

think I will achieve this regardless of the situaƟon I Įnd myself in.

Completely disagree 1 2 3 4 5 Completely agree

5.	 If my intenƟon is to parƟcipate at least twice a week in power training the next 14 weeks, I 
think I will achieve this also when I take my home-life situaƟon into account (support from 
partner, family, or friends, etc.).

Completely disagree 1 2 3 4 5 Completely agree

6.	 If my intenƟon is to parƟcipate at least twice a week in power training the next 14 weeks, 
I think I will achieve this also when I take my daily schedule into account (work, hobby, or 
other acƟviƟes).

Completely disagree 1 2 3 4 5 Completely agree
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General Discussion 

Power training, which is characterized by high-velocity resistance exercises, has emerged as 

an intervenƟon to counteract age-related declines in muscle power and funcƟonal perfor-
mance.1,2 However, its widespread implementaƟon is hindered by inconsistencies regarding 
the content of the training, the lack of standardized methods to measure its impact, and 
limited research on the feasibility of power training in older adults. The studies presented in 
this dissertaƟon were aimed to address these gaps in resesearch. In this general discussion, 
a summary of the main Įndings of each study will be presented, followed by a reŇecƟon on 
the results in which the strengths and limitaƟons of the studies will be discussed. Moreover, 
the implicaƟons for both theory and pracƟce are explored, highlighƟng scienƟĮc impact and 
inŇuence on pracƟce, research, policy and educaƟon . Lastly, future research direcƟons are 
idenƟĮed, and the chapter closes with Įnal conclusions.

Summary of Main Findings

In Chapter 2, the therapeuƟc validity and replicability of power training intervenƟons were 
examined. Our Įndings show that power training intervenƟons were inadequately described, 
as none of the included studies provided a complete descripƟon of the intervenƟon as pro-

posed by the TiDieR checklist,3 implying poor replicability. Key deĮciencies included reporƟng 
on modiĮcaƟon, adherence, and deliverance of the intervenƟons. As a result, none of the 
included power training intervenƟons met the CONTENT scale criteria for therapeuƟc validity 
either. Several criƟcal aspects, including the raƟonale for intervenƟon content and intensity, 
personalizaƟon of intervenƟon, and adherence measures, were considered insuĸcient. Spe-

ciĮc criteria for power training were lacking in the CONTENT scale, therefore we proposed 
criteria for the type of exercises, movement pace, rate of force development, training load, 
and duraƟon. While most intervenƟons met criteria related to type of exercises, movement 
pace, and rate of force development, only 36% met the criterion for training load, suggesƟng 
a lack of consensus on the opƟmal load for power training, which complicates standardiza-

Ɵon and comparison of study outcomes.

In Chapter 3, we evaluated 24 previously-idenƟĮed tests that have been used to measure 
the eīects of power training in older adults. Yet, literature on measurements properƟes was 
only available for 15 of these tests. The majority of tests demonstrated good reliability (ICC 
or correlaƟon > 0.7), but their validity and responsiveness were either poorly described or 
not invesƟgated. Based on the available evidence, the review suggested that the 1RM bench 
press, knee/leg Ňexion and extension, and ankle Ňexion/extension isometric and isokineƟc 
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tests were the most promising tests for measuring the eīects of power training in older 
adults. However, the review could not idenƟfy any validated assessment tools for measuring 
parƟcipaƟon in daily acƟviƟes, which highlights the need for developing assessment tools 
that are contextually relevant and representaƟve of daily life funcƟoning. 

In Chapter 4, we aimed to achieve consensus on a core outcome set (COS) to measure the 
impact of power training in older adults covering the funcƟon, acƟviƟes, and parƟcipaƟon 
domain of the ICF. Following two Delphi survey rounds and an expert panel meeƟng, consen-

sus was eventually reached on 11 tests. The prioriƟzaƟon of tests using a Fibonacci scoring 
method yielded as most important, pracƟcal, and feasible in older adults: the Squat Jump 
Test for the funcƟon domain and the Timed Up-and-Go test for the acƟviƟes domain. There 
was no consensus on a test for the parƟcipaƟon domain, however, daily-life accelerometry 
was proposed by some experts unƟl a more suitable alternaƟve is idenƟĮed. 

In Chapter 5, a meta-analysis compared the eīecƟveness of power training to strength 
training in improving muscle power, physical performance, and physical acƟvity in daily life. 
Results showed that power training was more eīecƟve than strength training in increasing 
muscle power and physical performance, both within generic acƟvity tests and within tests 
with an emphasis on movement speed. However, none of the included studies incorporated 
measurements instruments that assessed physical acƟvity in daily life. This, again, highlights a 
signiĮcant gap in the literature with regards to measuring the parƟcipaƟon domain of the ICF. 

In Chapter 6, we evaluated the feasibility and preliminary eīecƟveness of a 12-week power 
training program named "Powerful Ageing" among older adults. Results showed that the in-

tervenƟon was highly feasible, evidenced by a 100% retenƟon, aƩendance, and compliance 
rate among the 28 parƟcipants. The absence of injuries or adverse events supported the 
safety of the power training program for older adults. AddiƟonally, signiĮcant improvements 
were observed in muscle power of the weighted squat and anaerobic power in the Wingate 
test, both categorized within the funcƟon domain of the ICF. Within the acƟviƟes domain, 
physical performance showed improvement through signiĮcantly more distance covered on 
the 6-minute walk test, namely an average increase of 163.5 meters, more than three Ɵmes 
the commonly accepted minimal clinically important diīerence (MCID) in older adults.4 This 
indicates that power training may not only yield physiological improvements, but improve-

ments in funcƟonal capacity as well. Within the parƟcipaƟon domain, slight increases in gait 
acƟvity and the number of walking bouts were observed, though these were not staƟsƟcally 
signiĮcant. Lastly, the SF-36 indicated trends toward improvement in energy/faƟgue, emo-

Ɵonal well-being, and general health, but these also did not reach staƟsƟcal signiĮcance. 
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In Chapter 7, the eīects of “Powerful Ageing” power training were evaluated in an older, 
larger, and more heterogenous populaƟon of older adults, using a wider range of outcome 
measurements. This longitudinal study conducted across 17 municipaliƟes in the Nether-
lands followed parƟcipants immediately following the intervenƟon and at 1-year follow-up. 
ParƟcipants showed a signiĮcant increase in muscle power when performing the Power 
Squat Test and the LiŌing Test (funcƟon domain), and also improved in the Start Agility Run 
and Timed Up-and-Go Test (acƟviƟes domain). On average, parƟcipants reduced the Ɵme 
needed to perform the Timed Up-and-Go test by 2.4 seconds, double the MCID.5 AddiƟonally, 
acƟviƟes of daily life became signiĮcantly less diĸcult to perform, suggesƟng a potenƟal to 
impact parƟcipaƟon and independence. Among parƟcipants who conƟnued power training 
following the intervenƟon, these improvements were even greater at 1-year follow-up.

ReŇecƟon on Results, Including Strengths and LimitaƟons

Measuring Outcomes in Power Training

Valid and reliable assessment tools are criƟcal for accurately measuring the eīects of power 
training and for comparing results across diīerent studies and tracking progress in clinical 
seƫngs. The review on the reliability, validity, and responsiveness of tests used to measure 
the eīects of power training in older adults (Chapter 3) addressed this by providing an over-

view of the tests idenƟĮed in the systemaƟc review and meta-analysis (Chapter 5). The study 
described in Chapter 3 was the Įrst step towards creaƟng a standardized test protocol for 
evaluaƟng the eīects power training in older adults, and its detailed analysis was the basis 
for the Delphi study (Chapter 4). However, there were no tests that could be used to measure 

the impact of of power training within the parƟcipaƟon domain, which was also a limitaƟon 
in the systemaƟc review and meta-analysis. A complete and comprehensive understanding 
of the eīects of power training requires assessing outcomes both in acƟviƟes of daily life 
(reŇecƟng the performance qualiĮer within the acƟviƟes domain) and in the parƟcipaƟon 
domain of the ICF. 

The Delphi study focused on achieving consensus on a core set of measurement instruments 
to measure the eīects of power training in older adults within the funcƟon, acƟviƟes, and 
parƟcipaƟon domains of the ICF. This study was the Įrst of its kind to do so, and while re-

sults are promising, further extension is necessary with regard to the selecƟon of suitable 
instruments to assess the parƟcipaƟon domain. While performance-based measures dom-

inate current studies, instruments like accelerometers or paƟent-reported outcomes could 
be valuable addiƟons to capture eīects of power training in daily life. Future studies should 
integrate these tools to ensure a broader evaluaƟon of power training eīects. Ideally, this 
proposed core outcome set will be consistently adopted in future studies evaluaƟng power 
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training, as was done in the studies described in Chapters 6 and 7. While these studies indi-
cate posiƟve eīects of power training, future research should be powered for more rigorous 
assessment of parƟcipaƟon-oriented measures. Doing so will enhance the evaluaƟon of the 
clinical relevance of power training intervenƟons in older adults, and oīer a more holisƟc 
perspecƟve aligned with the principles of the ICF framework.

EīecƟveness of Power Training 
The systemaƟc review and meta-analysis provided a broad and rigorous synthesis of exisƟng 
research by aggregaƟng data from mulƟple studies showing that power training was more ef-
fecƟve in improving muscle power and physical performance than strength training.The het-
erogenous study populaƟon included by the various studies supported the generalizability of 
our Įndings, thereby establishing a solid evidence base that informed our subsequent stud-

ies. However, the included studies exhibited considerable heterogeneity with regard to pow-

er training protocols and outcome measurements. This issue was also examined in our review 
evaluaƟng the therapeuƟc validity and replicability of power training intervenƟons (Chapter 

2), which highlighted a criƟcal issue in the Įeld of exercise science for older adults: the lack 
of standardized and comprehensive reporƟng of power training intervenƟons. This deĮciency 
not only hampers the replicability of study Įndings but also raises quesƟons about the true 
eīecƟveness of power training intervenƟons. The absence of detailed intervenƟon descrip-

Ɵons prevents a clear understanding of what consƟtutes eīecƟve power training, thereby 
limiƟng its implementaƟon in clinical pracƟce. To address this issue, we recommend future 
research to adhere strictly to reporƟng guidelines, including the TIDieR checklist, the CON-

SORT statement, and the CONTENT scale.3,6 AddiƟonally, we proposed a set of power training 
criteria based on biomechanical and exercise physiology principles proposed by Kraemer et 

al. and Haī et al.7,8 At the Ɵme this review was performed, there was no clear and compre-

hensive framework to specify the essenƟal components of power training, thereby also not 
strictly diīerenƟaƟng power training from tradiƟonal strength training. The proposed set of 
power training criteria contains guidelines for the type of exercises, the movement pace, 
the rate of force development, the training load, and the duraƟon of the intervenƟon. These 
recommendaƟons were the starƟng point from which the pilot and feasibility study (Chapter 

6) and the longitudinal case-series were launched (Chapter 7), as prior to conducƟng these 
studies we ensured that “Powerful Ageing” was therapeuƟcally valid, replicable, and met the 
proposed criteria for power training. 

Powerful Ageing: Evidence-Based Power Training
Power training should be therapeuƟcally valid and feasible, and its outcomes should be meas-

ured in the funcƟon, acƟviƟes, and parƟcipaƟon domains of the ICF using a standardized core 
outcome set. We applied these criteria in the pilot and feasibility study (Chapter 6), which 
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not only showed promising results regarding the eīecƟveness, but also reported high lev-

els of parƟcipant moƟvaƟon and saƟsfacƟon, indicaƟve of posiƟve parƟcipant engagement. 
These results complemented the quanƟtaƟve data of the systemaƟc review, suggesƟng that 
power training has potenƟal to improve muscle power and funcƟonal performance in older 
adults and that power training is acceptable to the older adult populaƟon. However, the pilot 
and feasibility study's limitaƟons included a small sample size, short duraƟon, and use of a 
single geographical locaƟon, raising the quesƟon whether these results may be context-de-

pendent. Therefore, the descripƟve case series (Chapter 7) was conducted in a larger, older, 

and more diverse populaƟon of older adults. The Įndings reported in the descripƟve case se-

ries supported the preliminary Įndings evidenced in the pilot study, adding depth to results 
on the eĸcacy of Powerful Ageing , while also supporƟng the idea that results are applicable 
to a broader segment of the older adult populaƟon. Nevertheless, to conĮrm these Įndings, 
future research should include a well-designed randomized controlled trial, complemented 
by an in-depth evaluaƟon of parƟcipant experiences and a comprehensive analysis of the 
cost-eīecƟveness of the Powerful Ageing intervenƟon.

ImplicaƟons for Theory and PracƟce

In this dissertaƟon, we conducted a comprehensive examinaƟon of power training in older 
adults across several diīerent studies, and its results may have implicaƟons for both clinical 
pracƟce and public health. These implicaƟons can be broadly categorized into impacts on 
theory, society, healthcare, and educaƟon.

TheoreƟcal ConsideraƟons
The Įndings presented in this thesis contribute to a reĮned understanding of exercise science 
within gerontology, parƟcularly concerning the role of muscle power in ageing populaƟons. 
TradiƟonally, resistance training for older adults has prioriƟzed muscle strength and mass, un-

der the assumpƟon that these were the primary determinants of physical funcƟon and inde-

pendence. However, emerging evidence highlights the criƟcal importance of muscle power, 
the capacity to generate force rapidly, for criƟcal funcƟonal tasks. Moreover, the results pre-

sented in this thesis show the potenƟal of power training to increase muscle power among 
older adults. The concept of overcoming inerƟa to iniƟate movement has been proposed as a 
prerequisite for eīecƟve funcƟoning in older adults. This challenges tradiƟonal strength-cen-

tric exercise paradigms and suggest a more nuanced framework that incorporates power 
as a key component of physical funcƟon. AddiƟonally, it provides a useful framework for 
understanding mobility limitaƟons. Although this idea requires addiƟonal empirical valida-

Ɵon, together with exisƟng evidence and the Įndings described in this thesis, the noƟon is 
suĸcient to promote the inclusion of power training in standard exercise recommendaƟons 
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for older adults. Naturally, there is sƟll a role for strength training among older adults if their 
deĮcits are strength-related; however, it should not be used as a one-size-Įts-all soluƟon to 
age-related declines in physical funcƟoning. 

Societal Impact
Given the growing societal challenges posed by an ageing populaƟon, such as rising health-

care costs, a shrinking workforce, and policy shiŌs encouraging older adults to live inde-

pendently for longer, maintaining good physical funcƟoning has become a prerequisite for 
successful ageing.9,10 In this context, power training appears to oīer signiĮcant potenƟal. At a 
broader societal level, the widespread implementaƟon of power training programs for older 
adults could lead to substanƟal public health beneĮts. It is known that, in general, resistance 
training oīers numerous health beneĮts, including improved musculoskeletal funcƟon, main-

tenance of funcƟonal abiliƟes, and reducƟon of risk factors associated with chronic disease.11 

It has also been associated with a reduced risk of falls and related injuries, which is a signiĮ-

cant contributor to morbidity and healthcare costs in older populaƟons.10 However, the im-

pact of power training should not be limited to physical funcƟoning alone. Especially in older 
populaƟons, the impact of an increased physical funcƟoning (and increased parƟcipaƟon in 
acƟviƟes of daily life) on quality of life may is an equally or even more important goal. Unfor-
tunately, current evidence, including our own research, does not yet clearly demonstrate that 

power training directly inŇuences quality of life. One reason for this may be the lack of con-

sistent inclusion of quality-of-life outcomes in exisƟng studies. In our own research, a ceiling 
eīect was observed when assessing quality of life using the SF-36 in the pilot and feasibility 
study of Powerful Ageing, indicaƟng that parƟcipants already reported high levels of quality 
of life at baseline, limiƟng measurable gains.To fully realize the societal impact, future studies 
should not only focus on physical outcomes, but also systemaƟcally explore the eīects of 
power training on broader domains of well-being and quality of life. 

IntegraƟon into Healthcare PracƟce
Consistent with the Įndings presented in this dissertaƟon, power training has emerged in 
the broader literature as a promising intervenƟon for improving physical funcƟon in older 
adults. AddiƟonally, there is growing evidence supporƟng the assessment of muscle power 
and the applicaƟon of power training, parƟcularly among older adults with condiƟons such 
as stroke and osteoarthriƟs.12 This body of research highlights the value of integraƟng power 
training into standard physiotherapy and rehabilitaƟon pracƟces. Healthcare providers, par-
Ɵcularly physiotherapists, need concrete guidance to translate this evidence into pracƟce. 
This dissertaƟon oīers them a pracƟcal framework, based on validated criteria, for designing 
and applying power training in older populaƟons. For the implementaƟon of power training 
intervenƟons, it is important that providers can idenƟfy the populaƟons that are most likely 
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to beneĮt from power training, which are expected to be community-dwelling older adults 
who are starƟng to experience early funcƟonal decline.

While further research is needed to address limitaƟons, including therapeuƟc validity and ex-

isƟng measurement protocols, current Įndings, including our research on feasibility, provide 
a framework for the safe and eīecƟve implementaƟon of power training programs. Clinicians 
are encouraged to implement power training treatment plans for older adults in a variety of 
seƫngs, ranging from community centers to specialized healthcare faciliƟes, ensuring broad-

er accessibility and impact.

EducaƟon
To support the integraƟon of power training into clinical pracƟce, the educaƟonal foundaƟon 
regarding power training should be strengthened among students and healthcare profes-

sionals. Although the evidence base for power training in older adults is growing, it is not 
yet consistently embedded within the curricula of physiotherapy programs. More structural 
aƩenƟon should be given to power training principles within both undergraduate and post-
graduate educaƟon, including educaƟon on the speciĮc characterisƟcs of power training 
(e.g., high-velocity, low-load movements), its therapeuƟc potenƟal in older adults, and how 
to tailor it to diīerent levels of funcƟonal capacity and clinical condiƟons. In addiƟon, conƟn-

uing professional development courses, pracƟcal workshops, and clinical guidelines should 
include modules on therapeuƟc validity, paƟent selecƟon, safety, and appropriate outcome 
monitoring. Providing healthcare professionals with accessible and applicable knowledge en-

ables them to deliver high-quality, individualized intervenƟons that address both funcƟonal 
goals and broader aspects of healthy ageing.

PracƟcal RecommendaƟons for Power Training
PracƟcally, the Įndings of this dissertaƟon highlight the need to re-evaluate tradiƟonal ap-

proaches to exercise prescripƟon and rehabilitaƟon for older adults. On the basis of the liter-
ature,the Įndings presented in this thesis, and years of clinical experience, I would personally 
propose the following:  

Baseline EvaluaƟons
Prior to iniƟaƟng a power training program, health professionals should perform comprehen-

sive iniƟal evaluaƟons of their parƟcipants to create a tailored training pogram that suits each 
individual’s needs and abiliƟes. A thorough baseline assessment also provides a benchmark 
to track progress over Ɵme. In addiƟon to an individual’s medical history and physical func-

Ɵoning goals, baseline evaluaƟons should include:
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1. FuncƟonal capacity tests: these assess how well a person can perform everyday acƟviƟes.
2. Baseline power measurements: these establish a starƟng point for the person's power 
output. There are two main ways to do this: 
	 a. Using accelerometers: These are small devices that measure the acceleraƟon of 
a movement, through which values for speed and force can be derived. They provide accu-
rate data about how a person moves, helping professionals understand and improve perfor-
mance.

	 b. ConducƟng Įeld tests: These are pracƟcal and funcƟonal tests, such as the Sit-to-
Stand Test measures how quickly and forcefully a person can stand up from a seated posiƟon.
3. Measuring daily physical acƟvity: this helps understand how acƟve the person is in their 
everyday life.

Program Design
 Power training programs should have a clear Ɵmeline, delineaƟng the start and end of the ex-
ercise regimen, as well as speciĮc goals, exercise doses, and rest periods. At each pre-deĮned 
Ɵme period, comprehensive assessments should be conducted to establish measurements 
of muscular power, funcƟonal performance, and performance in acƟviƟes of daily living. The 
assessment protocol should align with the ICF framework, incorporaƟng measures of acƟv-
iƟes and parƟcipaƟon, to facilitate a comprehensive evaluaƟon of power training eĸcacy, 
addressing both physiological adaptaƟons and broader funcƟonal impacts.

ExisƟng research supports our approach of a minimum of two power training sessions per 
week in older adults,13 and recommendaƟons regarding session duraƟon have been substan-
Ɵated by mulƟple invesƟgaƟons.14–16 In my view, opƟmal physiological responses and faƟgue 
management, in addiƟon to superior adherence rates, occur with sessions of 45-60 minutes 
in duraƟon. AddiƟonally, it is important to incorporate warm-up, primary exercise sƟmulus, 
and cool-down phases, while monitoring appropriate faƟgue management parameters [e.g. 
rated perceived exerƟon (RPE)]. Most notably, exercise prescripƟon must be individualized, 
accounƟng for health status, funcƟonal capacity, and speciĮc impairments, which, as men-
Ɵoned above, should be measured at baseline. This personalized approach ensures opƟmal 
safety, maximizes physiological adaptaƟons, and promotes long-term adherence. Training 
protocols should speciĮcally address documented funcƟonal limitaƟons while considering 
individual medical condiƟons and physical capabiliƟes.  

Exercise SelecƟon and Progression
Power training requires a nuanced understanding of exercise physiology and biomechanics. 
Exercises should be carefully selected to target major muscle groups involved in funcƟonal 
acƟviƟes of daily living. The core of the program should consist of compound movements 
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that mimic daily acƟviƟes (e.g. squat-to-stand, step-ups), supplemented by more isolated 
exercises as needed. FuncƟonal exercises that emphasize speed and power should be se-

lected to promote beƩer funcƟonal transfer. For instance, power-based squat variaƟons can 
improve lower body power for tasks like rising from a chair or climbing stairs, and upper body 
power exercises, such as medicine ball throws or rapid resistance band movements, can en-

hance abiliƟes like reaching or liŌing objects quickly. For enhancing explosive muscle power, 
exercises like plyometric jumps, medicine ball throws, and Olympic weightliŌing movements 
are preferable over tradiƟonal strength exercises.

Movement speed should be maximized with a speciĮc resistance, using lower loads than 
tradiƟonal strength training, varying between 0-60% of the 1RM, depending on the focus. 
For older adults, a relaƟvely light resistance is advised to allow higher movement speeds, 
balancing strength and speed for opƟmal power output. ParƟcipants should be instructed 
to perform the concentric phase of exercises as rapidly as possible while sƟll maintaining 
control. Exercise intensity and complexity should be gradually increased using the principle 
of progressive overload. This involves starƟng conservaƟvely and gradually increasing the 
velocity of movements and/or the resistance used (intensity), volume, and complexity, as 
parƟcipants adapt and improve. In doing so, proper technique is the Įrst priority. To maximize 
the beneĮts of power training, adapƟve training models, such as velocity-based resistance 
training (VBRT) using real-Ɵme feedback, should be explored. The rate of progression should 
be carefully monitored and adjusted based on individual responses and adaptaƟons. Sys-

temaƟc evaluaƟon using validated instruments is crucial for monitoring progress and guiding 
program modiĮcaƟons in power training intervenƟons.

Safety ConsideraƟons
Safety is criƟcal in implemenƟng power training for older adults. Training sessions should be 
led and supervised by qualiĮed physical therapists who can provide real-Ɵme feedback and 
support. PracƟƟoners should closely monitor exercise techniques to ensure proper form and 
reduce the risk of injury, which may include providing hands-on support and correcƟve feed-

back during sessions. AddiƟonally, pracƟƟoners should educate parƟcipants on body aware-

ness and the importance of controlled, deliberate movements, especially during high-velocity 
exercises. Power training should be designed to accommodate a range of (physical) abiliƟes 
and be implemented uƟlizing appropriate equipment and a spacious, safe, and accessible 
training environment. Group sessions may foster social engagement within community set-
Ɵngs. Lastly, appropriate rest periods  can reduce injury risk.

ImplementaƟon
ImplemenƟng power training requires physiotherapists to have speciĮc knowledge of 
exercise physiology and pracƟcal skills. This includes the ability to eīecƟvely teach the  
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methodology and technical execuƟon of exercises, as well as the ability to periodize training 
programs. PeriodizaƟon involves dividing a training program into diīerent phases, each with 
its own speciĮc goals and intensity, which helps to minimize injury risks and enhances the 
therapeuƟc validity and eĸciency of power training. To support the long-term management 
of muscle power we should:
•	 Encourage conƟnued training: moƟvate older adults to conƟnue engaging in physical 

acƟvity that challenges muscle power at least once or twice a week.
•	 Integrate power training into local acƟviƟes: guide parƟcipants toward suitable commu-

nity-based exercise opƟons where power can be maintained.
•	 Individualize the power training protocol: Assist older adults in selecƟng acƟviƟes that 

align with both their physical goals and personal preferences to increase long-term ad-

herence.

•	 Monitor and revisit: oīer follow-up opportuniƟes (e.g., periodic check-ins or group ses-

sions) to reassess progress and adjust the acƟvity plan as needed.

ImplicaƟons for Public Policy
Policymakers should recognize the value of power training and support its inclusion in pub-

lic health iniƟaƟves aimed at promoƟng acƟve and healthy ageing. Funding and resources 
should be allocated to develop and sustain power training programs, parƟcularly in under-
served communiƟes where older adults may have limited access to exercise faciliƟes and 
programs. The overall implicaƟons of power training in older adults can be profound, oīering 
a mulƟfaceted approach to enhancing physical funcƟon, quality of life, and independence. To 
support this, policymakers should consider:
1.	 Providing resources for community centers and healthcare faciliƟes to create suitable 

exercise spaces and buying the necessary equipment.
2.	 Adding power training to naƟonal physical acƟvity guidelines for older adults.
3.	 Running public awareness campaigns to educate older adults and their families about 

the beneĮts of power training.
4.	 SupporƟng long-term research on how power training aīects health outcomes, 		

physical performance, independence and quality of life in older adults.
PrioriƟzing power training in public health iniƟaƟves promises to improve the physical Įtness, 
funcƟonal independence, and overall well-being of the ageing populaƟon, which aligns with 
the growing emphasis on promoƟng acƟve, healthy ageing and maintaining quality of life 
well into advanced years. The pracƟcal implicaƟons of these Įndings on power training are 
broad and beyond the exercise recommendaƟons as they require a comprehensive re-evalu-

aƟon of how we address physical acƟvity for older adults across healthcare, community, and 
policy domains. By embracing and implemenƟng these evidence-based strategies, we can 
transform the ageing experience and support a more acƟve, capable, and independent older 
populaƟon.
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Future Research DirecƟons

Future research should further deepen our understanding of power training in older adults, 
while also improving the quality of studies in this area. This can be achieved by invesƟgaƟng 
age-related neuromuscular adaptaƟons, alteraƟons in muscle architecture, and improve-
ments in balance and coordinaƟon, in an eīort to further reĮne and opƟmize the eīecƟve-
ness of power training intervenƟons in older adults.  Research should focus on elucidaƟng 
the biological mechanisms underlying the beneĮts of power training, potenƟally idenƟfying 
novel targets to miƟgate age-related funcƟonal decline. AddiƟonally, the development and 
evaluaƟon of integrated training approaches, such as combined power and balance training 
protocols, agility components (e.g., direcƟon changes and reacƟon Ɵme), and mulƟ-compo-
nent programs, could further enhance the eĸcacy and applicability of such intervenƟons.17 

Related to this is the development of personalized intervenƟons and outcome measures, 
which are based on a comprehensive assessment of individual physical abiliƟes at baseline, 
co-occurring condiƟons, and possibly even geneƟc factors. Personalized intervenƟons would 
allow for more precise program design and progress tracking. Moreover, exploring the op-
Ɵmal load and intensity for power training within a personalized framework is parƟcularly 
important for older adults with varying levels of baseline muscle power, ensuring safe and 
eīecƟve outcomes for each individual. 

Researchers should also explore how to eīecƟvely implement power training programs in 
diverse community seƫngs. This should address barriers to access, cultural adaptaƟons, and 
strategies to promote long-term engagement. Such invesƟgaƟons will be vital for inform-

ing policies and ensuring equitable access to evidence-based intervenƟons. Lastly, while the 
short-term eīects of power training are well-documented, the long-term eīects on func-
Ɵonal outcomes and quality of life in older adults require further invesƟgaƟon. These stud-
ies should examine a wide range of outcomes (i.e., physical measures, funcƟonal abiliƟes, 
quality of life, and healthcare uƟlizaƟon) and should also take the long-term cost-eīecƟve-
ness of power training into account. IntegraƟng relevant technological advancements, such 
as wearable devices and AI algorithms, oīers promising ways to enhance training programs 
and closely monitor progress and adherence. Future research should prioriƟze examining 
how power training contributes to meaningful improvements in daily funcƟoning to ensure 
its long-term eīecƟveness in promoƟng funcƟonal independence, minimizing disability, and 
enhancing the quality of life in older adults. Advancing these research direcƟons will signif-
icantly deepen our understanding of power training’s role in aging populaƟons. By address-
ing these gaps, researchers can develop more tailored, evidence-based intervenƟons that 
enhance physical capacity, autonomy, and overall well-being. As technological innovaƟons 
progress and insights into the aging process expand, power training is well-posiƟoned to play 
a pivotal role in opƟmizing physical performance and fostering healthy ageing.
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ConŇict of Interest ConsideraƟons

As a Įnal note, it is important to note the dual role of the author, as a researcher and en-
trepreneur in healthcare, which introduces disƟnct methodological and ethical considera-
Ɵons. Both the pilot and feasibility study (Chapter 6) and the descripƟve case series (Chapter 

7) were based on the implementaƟon of the Powerful Ageing power training intervenƟon, 
which is a product of Health Research and Consultancy (HRC) of which the author has parƟal 
ownership. From the onset of this thesis, this relaƟonships was fully disclosed and strict pro-
tocols were established to safeguard role separaƟon. Throughout both of these studies, the 
author refrained from having any involvement in parƟcipant recruitment, data collecƟon, or 
operaƟonal coordinaƟon of the intervenƟon. All data were anonymized and analyzed inde-
pendently by co-authors of each respecƟve study, and all elements of research presented in 
this thesis were guided by academic advisors and subject to peer review. Concerning the val-
orisaƟon of results, the research presented in this dissertaƟon is openly accessible for every-
one with no proprietary restricƟons, as these Įndings are meant to contribute to the broader 
scienƟĮc foundaƟon for implemenƟng power training intervenƟons in older adult care.

Although the duality of research and product ownership can be complex and requires clear 
and transparent agreements with regard to privacy, integrity, and disseminaƟon of results, it 
is important that these complexiƟes should not discourage collaboraƟve engagement with 
pracƟce partners or commercially involved enƟƟes. Instead, public-private partnerships 
should be sƟmulated to increase the impact of research Įndings and allow private parƟes 
to develop further, potenƟally resulƟng in both societal and economical beneĮts while also 
upholding standards of scienƟĮc credibility and public trust. . 

Conclusions

This dissertaƟon makes a signiĮcant contribuƟon to physiotherapy and geriatric exercise sci-
ence by establishing an evidence base for the eīecƟveness and feasibility of power training 
in older adults. It highlights the potenƟal role of power training in preserving and enhancing 
physical funcƟon, thereby facilitaƟng independence and improved quality of life among older 
adults. AddiƟonally, it provides frameworks to address key gaps in power training deĮniƟons 
and standardizaƟon, including a core outcome set to measure the eīects of power training in 
older adults. This work provides a foundaƟon for integraƟng power training into both clinical 
and community-based seƫngs, and future eīorts should focus on translaƟng these Įndings 
into clinical guidelines, public health iniƟaƟves, and policy recommendaƟons to ensure wide-
spread accessibility and long-term sustainability of power training as a strategy for healthy 
ageing.
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Summary

The global populaƟon is undergoing a signiĮcant demographic shiŌ, as both the number of 
older adults and the growth of the “oldest-old” demographic is expected to increase. This 
trend presents substanƟal economic, societal, and health-related challenges. A criƟcal con-
cern is the progressive decline in physical funcƟon that comes with advancing age, which pre-
sents challenges for maintaining independence, autonomy, and acƟve parƟcipaƟon in daily 
life. Muscle strength, and especially muscle power, are fundamental components of physical 
funcƟoning. Research has shown that muscle power deteriorates more rapidly and at an 
earlier age than muscle mass and strength, with losses of 10-30% per decade aŌer age 40 
and up to 70% of peak muscle power by age 80. This age-related decline in muscle power is 
strongly associated with funcƟonal decline in acƟviƟes of daily living (ADLs) and an increased 
risk of falls, impeding the ability to perform everyday tasks, such as climbing stairs, rising from 
a chair, or recovering from a stumble.

While tradiƟonal views oŌen assumed limited capacity for the improvement of muscle power 
in older adults, recent research challenges this, demonstraƟng that signiĮcant gains in muscle 
strength, power, and funcƟonal capacity are achievable through targeted exercise programs. 
Power training, deĮned as high-velocity resistance training that emphasizes rapid and explo-
sive force producƟon, holds signiĮcant promise for enhancing physical Įtness and funcƟonal 
capacity in older adults. It targets fast-twitch (Type II) muscle Įbers, which are parƟcularly 
suscepƟble to age-related atrophy, and induces neuromuscular adaptaƟons that lead to more 
eĸcient muscle acƟvaƟon and improved coordinaƟon. Despite its documented physiological 
beneĮts, power training remains underuƟlized in rehabilitaƟon and Įtness programs due to 
a lack of consensus regarding its deĮniƟon, inconsistent implementaƟon strategies, safety 
concerns, and varied assessment methodologies. This dissertaƟon posiƟoned power training 
within the InternaƟonal ClassiĮcaƟon of FuncƟoning, Disability, and Health (ICF) framework, 
allowing for disƟncƟons to be made between health-related and performance-related physi-
cal Įtness, with a parƟcular focus on performance-related aspects crucial for daily acƟviƟes.

Aims of the DissertaƟon
This dissertaƟon addresses the criƟcal gaps between scienƟĮc evidence and the real-world 
applicaƟon of power training for older adults. SpeciĮcally, it aims to:
1.	 Establish standardized assessment methods within the ICF framework to consistently 

and accurately measure the impact of power training.
2.	 Evaluate the eīecƟveness of power training in improving physical funcƟoning in older 

adults.
3.	 InvesƟgate the feasibility of implemenƟng power training in pracƟcal seƫngs.
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This dissertaƟon is structured into two main parts. Part 1: “Harmonizing Outcomes: How 
to Measure the Impact of Power Training in Older Adults” focuses on the methodological 
rigor and standardizaƟon of outcome measurement in power training research, and consists 
of the following chapters:
•	 Chapter 2: TherapeuƟc validity and replicability of power training intervenƟons in 

older adults: a review using the TIDieR checklist and CONTENT scale.
This chapter systemaƟcally reviewed exisƟng power training intervenƟons for older 
adults, assessing their therapeuƟc validity and replicability. The Įndings highlighted sig-
niĮcant inconsistencies in the reporƟng of intervenƟon details, oŌen lacking suĸcient 
informaƟon for accurate replicaƟon. Many studies did not fully adhere to criteria for 
therapeuƟc validity, posing challenges for the transferability and generalizability of re-
search outcomes to clinical pracƟce. This chapter underscores the urgent need for more 
transparent and detailed reporƟng of power training intervenƟons to enhance research 
quality and pracƟcal applicability.

•	 Chapter 3: The reliability, validity, and responsiveness of tests used to assess the ef-
fects of power training in older adults: A systemaƟc review.
This systemaƟc review criƟcally evaluated the psychometric properƟes (reliability, validi-
ty, and responsiveness) of tests commonly used to assess the eīects of power training in 
older adults. The results revealed considerable heterogeneity in the quality of measure-
ment instruments. While some tests demonstrated acceptable reliability and validity for 
speciĮc outcomes, there was a general scarcity of high-quality evidence regarding the re-
sponsiveness of these tests to changes induced by power training. This indicates a need 
for further development and rigorous validaƟon of outcome measures that are sensiƟve 
to the unique adaptaƟons elicited by power training in older populaƟons.

•	 Chapter 4: Establishing a core outcome set to evaluate the eīects of power training in 
older adults: a Delphi study.
This chapter uƟlized a Delphi study, complemented by the Nominal Group Technique, 
to achieve consensus among experts on a core outcome set (COS) for evaluaƟng power 
training eīects in older adults. The study successfully idenƟĮed a comprehensive COS 
that includes outcomes spanning muscle power, physical performance in daily acƟviƟes, 
and aspects of funcƟonal independence. This COS provides a standardized framework 
for researchers and clinicians, ensuring consistency in outcome measurement across 
studies and facilitaƟng more meaningful comparisons and syntheses of evidence. The 
established COS is crucial for guiding future research and improving the evidence base 
for power training intervenƟons.
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In the second half of the dissertaƟon, Part 2: “From Theory to PracƟce: EvaluaƟng of eīects 
and Clinical Applicability of Power Training in Older Adults” evaluates the eīecƟveness and 
real-world applicability of power training based on empirical evidence. This secƟon contains 
the following chapters:
•	 Chapter 5: EīecƟveness of power training compared to strength training in older 

adults: a systemaƟc review and meta-analysis.
This systemaƟc review and meta-analysis compared the eīecƟveness of power training 
with tradiƟonal strength training in older adults across various outcomes. The Įndings 
suggest that power training is superior to strength training for improving muscle power 
and speciĮc funcƟonal performance measures that require rapid force producƟon, such 
as stair climbing ability and gait speed. While both training modaliƟes are beneĮcial, 
power training appears to oīer disƟnct advantages for dynamic, everyday acƟviƟes cru-
cial for maintaining independence in older adults.

•	 Chapter 6: Power training in older adults: a pilot and feasibility study.
This pilot and feasibility study invesƟgated the pracƟcal implementaƟon of a power 
training program in a real-world seƫng with older adults. The study assessed adherence 
rates, safety, and parƟcipant saƟsfacƟon. The results indicated that the power training 
protocol was highly feasible and well-accepted by older adults, with high adherence 
rates and no major adverse events. ParƟcipants generally reported posiƟve experiences 
and perceived improvements in their physical capabiliƟes. This chapter provides valua-
ble insights into the pracƟcal consideraƟons for integraƟng power training into exisƟng 
community and clinical exercise programs, demonstraƟng its potenƟal for widespread 
adopƟon.

•	 Chapter 7: The impact of power training on muscle power, physical performance, and 
physical funcƟoning in older adults: a descripƟve case series.
This descripƟve case series illustrates the direct impact of power training on individ-
ual older adults’ muscle power, physical performance, and funcƟonal independence. 
Through detailed case examples, the chapter demonstrates tangible improvements in 
speciĮc acƟviƟes of daily life, balance, and overall physical capabiliƟes following power 
training intervenƟons. These real-world applicaƟons underscore the clinical relevance of 
power training and provide qualitaƟve evidence of its potenƟal to enhance the quality of 
life and autonomy in older adults.
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Overall Discussion, Conclusions, and ImplicaƟons
This dissertaƟon provides a comprehensive exploraƟon of power training for older adults, 
bridging criƟcal gaps between theoreƟcal understanding and pracƟcal applicaƟon. It address-
es the challenges related to the deĮniƟon, measurement, eīecƟveness, and implementaƟon 
of power training, and its Įndings highlight the signiĮcant potenƟal of power training in mit-
igaƟng age-related funcƟonal decline in older adults.

The establishment of a core outcome set (Chapter 4) provides a crucial foundaƟon for stand-
ardizing future research and improving the comparability of study Įndings. The evidence 
of power training’s superior eīecƟveness when compared to strength training (Chapter 5), 
parƟcularly for dynamic funcƟonal outcomes, reinforces its value. Furthermore, both the 
feasibility study and the descripƟve case series (Chapters 6 and 7) demonstrate that power 
training can be safely and eīecƟvely implemented in real-world seƫngs, debunking concerns 
about its applicability in older populaƟons.

In conclusion, this dissertaƟon strongly advocates for the increased integraƟon of power 
training into exercise recommendaƟons and rehabilitaƟon programs for older adults. To max-
imize its beneĮts, future research should adhere to standardized reporƟng guidelines for in-
tervenƟons and consistently uƟlize the proposed core outcome set. Clinicians and pracƟƟon-
ers are encouraged to consider power training as a key modality for enhancing muscle power, 
improving funcƟonal performance, and ulƟmately empowering older adults to maintain their 
independence and quality of life. This work oīers a robust theoreƟcal and empirical basis for 
advancing healthy aging strategies and promoƟng acƟve lifestyles for the older adults.
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De mondiale bevolkingssamenstelling ondergaat een ingrijpende transformaƟe als gevolg 
van een dubbele vergrijzing: enerzijds neemt het absolute aantal ouderen toe, ook groeit 
het aandeel van de oudste ouderen, waaronder tachƟgers, negenƟgers en honderdplussers. 
Deze demograĮsche verschuiving brengt aanzienlijke maatschappelijke, economische en ge-
zondheid gerelateerde uitdagingen met zich mee. 

Een belangrijke zorg is de progressieve achteruitgang van het fysiek funcƟoneren bij het oud-
er worden, waardoor zelfstandigheid, autonomie en acƟeve deelname aan het dagelijks leven 
onder druk komen te staan. Spierkracht, en in het bijzonder explosief spiervermogen (muscle 
power), vormen essenƟële pijlers van fysiek funcƟoneren. Onderzoek toont aan dat muscle 
power vanaf het vierde levensdecennium sneller afneemt dan spiermassa of spierkracht, met 
een geschat verlies van 10 tot 30% per decennium, oplopend tot circa 70% verlies van het 
piekvermogen rond het tachƟgste levensjaar. Deze leeŌijdsgebonden afname in muscle pow-
er hangt sterk samen met funcƟonele beperkingen bij het uitvoeren van dagelijkse acƟviteit-
en en een verhoogd valrisico. Alledaagse acƟviteiten zoals traplopen, opstaan uit een stoel of 
het herstellen van een balansverstoring worden hierdoor in toenemende mate bemoeilijkt.

Waar voorheen werd aangenomen dat verbetering van muscle power op latere leeŌijd 
slechts in beperkte mate mogelijk was, tonen recente studies overtuigend aan dat gerichte 
oefenprogramma’s bij ouderen wel degelijk tot substanƟële winst kunnen leiden op het 
gebied van spierkracht, muscle power en funcƟonele capaciteit. Power training, een spec-
iĮeke vorm van krachƩraining gericht op het verbeteren van muscle power door middel van 
weerstandsoefeningen uit te voeren met hoge snelheid en explosieve kracht, blijkt eīecƟef 
te zijn. Deze trainingsvorm richt zich speciĮek op snel samentrekkende (type II) spiervezels, 
die extra kwetsbaar zijn voor leeŌijdsgebonden atroĮe. Bovendien bevordert power training 
neuromusculaire aanpassingen die resulteren in een eĸciëntere spieracƟvaƟe en verbeterde 
coördinaƟe. 

Ondanks deze fysiologische en funcƟonele voordelen blijŌ power training ondervertegen-
woordigd in revalidaƟe- en beweegprogramma’s voor ouderen. Factoren die hieraan bijdragen 
zijn onder meer het ontbreken van een eenduidige deĮniƟe van power training, inconsistente 
implementaƟestrategieën, en zorgen over de veiligheid en uiteenlopende meetmethodiek-
en, aangezien studies sterk variëren in gebruikte uitkomstmaten terwijl consensus ontbreekt 
over welke instrumenten betrouwbaar, valide en responsief de eīecten van power training 
binnen de verschillende ICF-domeinen weerspiegelen. In dit proefschriŌ wordt power train-
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ing conceptueel geposiƟoneerd binnen het kader van de InternaƟonal ClassiĮcaƟon of Func-
Ɵoning, Disability and Health (ICF). Dit biedt een raamwerk om onderscheid te maken tussen 
gezondheidsgerelateerde en prestaƟegerichte fysieke Įtheid en benadrukt het belang van 
funcƟonele prestaƟes voor het behoud van dagelijks funcƟoneren bij ouderen. Het vormt 
daarmee een theoreƟsch fundament dat richƟng geeŌ aan toekomsƟg onderzoek en prak-
Ɵsche toepassing.” 

Doelstellingen van het proefschriŌ
Dit proefschriŌ beoogt de kloof te overbruggen tussen wetenschappelijke evidenƟe en prak-
Ɵsche toepassing van power training bij ouderen. De centrale doelstellingen zijn:
1.	 Het ontwikkelen van gestandaardiseerde meetmethoden binnen het kader van de ICF 

om de impact van power training op consistente en valide wijze te kunnen evalueren.
2.	 Het evalueren van de eīecƟviteit van power training in het verbeteren van het fysiek 

funcƟoneren bij ouderen.
3.	 Het onderzoeken van de haalbaarheid van de implementaƟe van power training in prak-

Ɵsche toepassingsomgevingen.

Het proefschriŌ bestaat uit twee hoofddelen.
Deel 1: “HarmonisaƟe van uitkomsten: hoe meet je de impact van power training 
bij ouderen?”
Het eerste deel van het proefschriŌ richt zich op methodologische consistenƟe en de 
standaardisaƟe van uitkomstmaten in onderzoek naar power training en omvat de volgende 
hoofdstukken:
•	 Hoofdstuk 2: In dit hoofdstuk wordt een systemaƟsche review gepresenteerd waarin de 

therapeuƟsche validiteit en reproduceerbaarheid van bestaande intervenƟes gericht op 
power training bij ouderen zijn geanalyseerd aan de hand van de TIDieR-checklist en de 
CONTENT-schaal. De resultaten tonen aanzienlijke variabiliteit en onvolledigheid in de 
rapportage van intervenƟecomponenten, waardoor de reproduceerbaarheid van stud-
ies en de implementaƟe de prakƟjk worden belemmerd. Een substanƟeel deel van de 
geïncludeerde studies voldeden niet aan de criteria voor therapeuƟsche validiteit, wat 
de generaliseerbaarheid van de onderzoeksresultaten beperkt. Deze bevindingen onder-
strepen het belang van transparante en gedetailleerde rapportage van power training-
sprotocollen voor verdere kennisontwikkeling en implementaƟe.

•	 Hoofdstuk 3: Dit hoofdstuk presenteert een systemaƟsche review waarin de meetei-
genschappen van instrumenten die gangbaar zijn voor het evalueren van de eīecten 
van power training bij ouderen zijn beoordeeld. De bevindingen wijzen op substanƟële 
variaƟe in de kwaliteit van de onderzochte meeƟnstrumenten. Hoewel enkele testen 
robuuste psychometrische eigenschappen vertonen, ontbreekt voor veel instrumenten 
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overtuigend bewijs ten aanzien voor hun gevoeligheid voor verandering (responsive-
ness). Deze bevindingen benadrukken de noodzaak tot verdere ontwikkeling en validaƟe 
van meeƟnstrumenten die speciĮek zijn afgestemd op het detecteren van veranderingen 
als gevolg van power training bij ouderen.

•	 Hoofdstuk 4: In dit hoofdstuk wordt door middel van een Delphi-consensusprocedure 
aangevuld met de Nominal Group Technique, een Core Outcome Set (COS) ontwikkeled 
voor het evalueren van power training bij ouderen. Deze COS omvat uitkomstmaten 
op het gebied van muscle power, fysieke prestaƟes in dagelijkse acƟviteiten en func-
Ɵonele zelfstandigheid. De totstandkoming van een gestandaardiseerde set draagt bij 
aan een verhoogde methodologische consistenƟe in zowel wetenschappelijk onderzoek 
als in prakƟjk. Tevens faciliteert het gebruikt van de COS onderlinge vergelijkbaarheid en 
synthese van onderzoeksresultaten, wat kennisverspreiding en -toepassingen ten goede 
komt.

Deel 2: “Van theorie naar prakƟjk: eīecƟviteit en klinische toepasbaarheid van 
power training bij ouderen”
Het tweede deel van het proefschriŌ richt zich op de eīecƟviteit en toepasbaarheid van 
power training in de prakƟjk en omvat de volgende hoofdstukken:
•	 Hoofdstuk 5: In dit hoofdstuk wordt een systemaƟsche review en meta-analyse gepre-

senteerd waarin de eīecƟviteit van power training werd vergeleken met die van met 
tradiƟonele krachƩraining bij ouderen. De resultaten tonen aan dat power training su-
perieur is in het verbeteren van zowel muscle power als funcƟonele prestaƟes waarbij de 
snelheid van krachtontwikkeling essenƟeel is, zoals bij traplopen en het verhogen van de 
loopsnelheid. Hoewel beide trainingsvormen gunsƟge eīecten genereren, biedt power 
training aantoonbare voordelen ten aanzien van dynamische acƟviteiten die bepalend 
zijn voor het behoud van zelfstandigheid op oudere leeŌijd.

•	 Hoofdstuk 6: In dit hoofdstuk wordt een pilot- en haalbaarheidsstudie beschreven 
waarin een power trainingsprogramma werd geïmplementeerd in een realisƟsche set-
Ɵng met oudere deelnemers. De resultaten toonden aan dat het programma veilig en 
uitvoerbaar was, met een hoge mate van therapietrouw en posiƟeve evaluaƟes door de 
deelnemers. Deze bevindingen ondersteunen de prakƟsche toepasbaarheid van power 
training binnen zowel klinische als eerstelijns zorgseƫng.

•	 Hoofdstuk 7: Dit hoofdstuk bevat een reeks casusbeschrijvingen waarin de eīecten van 
power training op muscle power, fysieke prestaƟes en funcƟonele zelfstandigheid bij 
ouderen worden geïllustreerd. De resultaten tonen concrete verbeteringen in balans, 
uitvoering van dagelijkse acƟviteiten en algehele fysieke capaciteit. Deze prakƟjkvoor-
beelden onderstrepen de klinische relevanƟe van power training en leveren kwalitaƟeve 
onderbouwing voor de meerwaarde ervan binnen gepersonaliseerde intervenƟes in de-
ouderenzorg.
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Algemene beschouwing, conclusies en implicaƟes
Dit proefschriŌ biedt een integrale en systemaƟsche verkenning van power training bij ouder-
en en overbrugt daarbij cruciale lacunes tussen theoreƟsch inzicht en prakƟsche toepassing. 
Het werk behandelt de uitdagingen rondom de deĮniƟe, meƟng, eīecƟviteit en implemen-
taƟe van power training, en onderstreept het potenƟeel van deze trainingsvorm om leeŌijds-
gebonden achteruitgang in fysiek funcƟoneren tegen te gaan.

De ontwikkeling van een Core Outcome Set (hoofdstuk 4) vormt een belangrijke stap richƟng 
standaardisaƟe van onderzoeksmethoden en draagt bij aan de verbetering van de vergeli-
jkbaarheid en synthese van wetenschappelijke bevindingen. De resultaten in hoofdstuk 5 

bevesƟgen dat power training eīecƟever is dan tradiƟonele krachƩraining, met name op 
dynamische funcƟonele uitkomstmaten waarbij de snelheid van krachtontwikkeling cen-
traal staat. De haalbaarheidsstudies in hoofdstukken 6 en 7 tonen bovendien aan dat power 
training veilig, uitvoerbaar en posiƟef ontvangen wordt binnen realisƟsche zorgomgevingen, 
waarmee bezorgheden over de toepasbaarheid bij oudere populaƟes worden weerlegd. 

SamenvaƩend pleit dit proefschriŌ nadrukkelijk voor een bredere en structurele integraƟe 
van power training in oefenrichtlijnen en revalidaƟeprogramma’s voor ouderen. Om het voll-
edige potenƟeel van deze intervenƟe te benuƩen, is het van belang dat toekomsƟg onder-
zoek gebruikmaakt van gestandaardiseerde rapportagerichtlijnen en de voorgestelde Core 
Outcome Set implementeert. Zorgprofessionals worden hierbij aangemoedigd om power 
training te beschouwen als een centrale intervenƟe voor het vergroten van muscle power, 
verbeteren van fysiek funcƟoneren, en het versterken van autonomie en kwaliteit van leven 
bij ouderen. 

Op deze wijze levert dit proefschriŌ een waardevolle bijdrage aan de verdere onderbouwing 
en implementaƟe van gerichte intervenƟes ter ondersteuning van fysiek funcƟoneren, zelf-
standigheid en een acƟeve leefsƟjl in de ouder wordende populaƟe.
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Het voltooien van dit proefschriŌ markeert niet alleen het einde van een intensief en verri-
jkende academische traject, maar ook een persoonlijke reis van groei en ontwikkeling waarin 
ik oude gewoonten moest herzien, leerde loslaten en opnieuw naar mezelf en mijn werk heb 
leren kijken. In dit proces waren de ontmoeƟngen en samenwerkingen met anderen voor mij 
zowel een krachƟge spiegel als een bron van groei.

Dit proefschriŌ is voor mij veel meer dan een verzameling studies en analyses; het is een reis 
van persoonlijke groei, gedragen door waardevolle ontmoeƟngen, onverwachte inzichten, 
tegenslagen en de steun die mij telkens weer vooruithielp. De Įlosoof Ricoeur benadrukt dat 
wij gevormd worden door onze ontmoeƟngen, de verhalen die wij delen en de ervaringen 
die wij samen beleven. Mijn verhaal is daarom vooral een verhaal van ontmoeƟng en dia-
loog: van gesprekken die mij tot het uiterste uitdagen, twijfels die mij scherper maakten en 
samenwerkingen die mij vooruitbrachten. Zoals Levinas het treīend verwoordde: “je leert 

jezelf pas echt kennen via de ander”. Precies dat vond zijn weerslag in de ontwikkeling van 
dit proefschriŌ. 

De voltooiing van dit proefschriŌ is dan ook een moment van dankbaarheid voor iedereen 
die mij hierbij heeŌ geholpen. Het is ondoenlijk om iedereen persoonlijk te noemen, maar 
ik wil hier graag enkele mensen danken die mij onderweg hebben gesteund en geïnspireerd.
Allereerst mijn promoƟeteam. Zonder jullie begeleiding, bemoediging en vertrouwen was 
dit proefschriŌ nooit tot stand gekomen. Ik had me geen beter team kunnen wensen. Jullie 
unieke talenten en persoonlijkheden vulden elkaar prachƟg aan, en wat jullie verbindt is de 
focus op de mens achter het onderzoek. Empathisch waar het kan, kriƟsch waar het moet en 
bovenal onafgebroken betrokken.

Professor Jaap van Dieën. Jouw kalmte en wetenschappelijke scherpte gaven richƟng aan 
mijn denken. Je had het bijzondere vermogen om spanning uit situaƟes te halen en mij 
telkens weer op koers te zeƩen. Jouw scherpzinnigheid, analyƟsche blik en diepgaande ken-
nis hebben dit proefschriŌ naar een hoger plan geƟld. Ik heb veel geleerd van je vermogen 
om complexe vraagstukken met helderheid en precisie te benaderen, zonder het prakƟsche 
belang uit het oog te verliezen. Je brede kennis en de manier waarop je dat weet mee te 
nemen in je aanpak, hebben mij geïnspireerd om verder te kijken dan de grenzen van mijn 
eigen vakgebied.
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Wat mij in het bijzonder is bijgebleven, is hoe je methodologische nauwkeurigheid tot een 
vanzelfsprekend uitgangspunt maakte. Ook je hulp bij het aanscherpen van de Engelse tek-
sten van mijn arƟkelen was van onschatbare waarde, niet alleen inhoudelijk, maar ook sƟl-
isƟsch. De scherpte en precisie die jij mij hebt bijgebracht, werken nu door in mijn rol als 
onderzoeker, docent en ondernemer. Samenwerken met jou was alƟjd een plezier. Het was 
een voorrecht om onder jouw begeleiding te mogen promoveren.

Professor Cindy Veenhof, wat een voorrecht is het geweest om ook jou als promotor te heb-
ben. Jouw visie op het vak en vernieuwende blik op de beweegzorg inspireerden mij enorm. 
Maar nog belangrijker was hoe jij als mens en begeleider betrokken was. Je begeleiding was 
voor mij van grote waarde, ook al vond je zelf dat ik er soms te weinig gebruik van maakte. Je 
wist mijn enthousiasme en ongeduld steeds in balans te brengen met een strategische blik, 
en je gaf richƟng zonder ooit de regie over te nemen. Je vertrouwen en vermogen om de 
essenƟe te behouden, boden mij structuur en rust.

Wat mij bijzonder raakte, was jouw vermogen om scherpte te combineren met warmte. 
Je stelde de juiste vragen op het juiste moment, gaf ruimte waar nodig, en wist complexe 
problemen terug te brengen tot iets concreets en behapbaars. Dat gaf mij telkens opnieuw 
vertrouwen om door te gaan. Dank je wel voor je geduld, je ervaringen je aanstekelijke ent-
housiasme. 

Dr. Henri Kiers, met veel waardering kijk ik terug op jouw rol als co-promotor bij mijn pro-
moƟetraject. Vanaf het allereerste begin heb jij mij een kans geboden die ik met beide 
handen heb aangegrepen. Jouw intensieve begeleiding in de beginfase was van onschatbare 
waarde, je was er met scherpe inzichten, kriƟsche vragen en een enorme betrokkenheid. Je 
hebt me geholpen om richƟng te vinden in de wirwar van mijn ideeën, en vooral om focus 
aan te brengen in de inhoud.

Wat ik bijzonder aan jou waardeer, is je unieke combinaƟe van experƟse en humor. Je staat 
bekend om je mopperhumor, die menig overleg luchƟg maakte, en je hebt alƟjd wel een 
anekdote paraat die niet alleen vermakelijk is, maar ook leerzaam. Je spreuk “Verliezers heb-
ben excuses en winnaars doen” heeŌ zich diep in mijn geheugen genesteld. Het was een 
spiegel die me liet zien dat ik niet te veel moest blijven hangen in het probleem, maar moest 
leren van mijn fouten en vooral moest zoeken naar oplossingen.

Ik dacht dat ik veel ballen in de lucht hield, maar ik moet mijn meerdere in jou erkennen. Wat 
een drukte, wat een verantwoordelijkheid en toch alƟjd met aandacht voor de ander. Je hebt 
me laten zien wat het betekent om écht betrokken te zijn, niet alleen bij het proces, maar 
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ook bij de mensen erachter. Dank je wel voor alles, voor je Ɵjd, je humor, je kriƟsche blik en 
je vertrouwen in mij.

Ik ben jullie allen, Jaap, Cindy en Henri, bijzonder dankbaar voor jullie voortdurende steun. 
Jullie betrokkenheid heeŌ niet alleen een belangrijke rol gespeeld in de totstandkoming van 
dit proefschriŌ, maar vooral in mijn ontwikkeling als onderzoeker.

Graag wil ik ook de leden van de beoordelingscommissie hartelijk bedanken voor hun Ɵjd, 
experƟse en kriƟsche blik bij de evaluaƟe van dit proefschriŌ. Het is een ware eer mijn werk 
aan jullie voor te leggen en de gelegenheid te krijgen het in het openbaar te verdedigen.

De NWO LerarenpromoƟebeurs maakte dit onderzoek en proefschriŌ mogelijk. Dankzij deze 
beurs kreeg ik de ruimte en middelen om mij volledig te richten op mijn werk, iets waarvoor 
ik bijzonder dankbaar ben. Ik waardeer het dat NWO met deze beurs leraren in staat stelt om 
onderzoek te doen en zo bij te dragen aan de verbinding tussen onderwijs en wetenschap.

Naast de steun van NWO ben ik ook Hogeschool Utrecht dankbaar voor het in mij gestelde 
vertrouwen en de belangrijke rol die de HU en mijn collega’s van het InsƟtuut voor Beweg-
ingsstudies in dit traject hebben gespeeld. Het is onmogelijk om iedereen persoonlijk te noe-
men. Een proefschriŌ is zelden een soloproject, en ik ben oprecht dankbaar voor de talloze 
collega’s die deze reis hebben verrijkt.

Mijn mede-promovendi en collega’s van de lectoraten InnovaƟe van Beweegzorg wil ik be-
danken voor de inspirerende gesprekken, de waardevolle bijeenkomsten en de sƟmulerende 
omgeving die jullie hebben gecreëerd. In het bijzonder wil ik Di-Janne noemen. Jouw warme 
persoonlijkheid en bescheidenheid, gecombineerd met je inhoudelijke kennis, waren voor 
mij een inspiraƟe. Dank dat je er was, juist toen het op het einde even lasƟg werd. Jouw steun 
maakte echt een verschil.

Ook alle collega’s van het InsƟtuut voor Bewegingsstudies wil ik bedanken. Jullie belangstel-
ling en collegialiteit hebben veel betekend.  Het is een voorrecht om samen te werken in een 
omgeving waar wetenschap en prakƟjk elkaar zo mooi versterken. 

En dan mijn collega’s van de Master Sporƞysiotherapie. Caroline, Jeroen, Sarina, Sijmen, Rik 
en Stefan. Jullie waren voor mij meer dan collega’s. Jullie zijn vrienden geworden. Jullie be-
trokkenheid en persoonlijke steun zorgden ervoor dat ik me alƟjd gedragen voelde; ik kon bij 
jullie terecht om jullie experƟse te gebruiken, om mijn zorgen te delen of gewoon om even 
te klagen. De waardevolle gesprekken, het samen trainen en sporten, maar vooral de humor 
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hebben me erdoorheen geholpen en het werk lichter en leuker gemaakt.

Caroline – Jouw relaƟveringsvermogen en scherpzinnigheid gaven me steeds een frisse blik 
en ik bewonderde het gemak waarmee jij alles eenvoudig wist te maken. Sarina – Jouw nuch-
tere, beschouwende houding brachten alƟjd ontspanning en rust. Je hield alles luchƟg en 
licht. Jeroen – Jouw betrokkenheid en gedrevenheid, samen met je kennis en experƟse op 
het gebied van training en inspanning, inspireerden me enorm. Onze gesprekken betekenden 
veel voor me en gaven niet alleen inspiraƟe maar ook een persoonlijke band. Sijmen – Jouw 
kriƟsche blik en humor maakten dat ik alƟjd scherp bleef, maar ook dat onze gesprekken 
licht en plezierig waren. Je wist precies de juiste balans te brengen tussen serieus en luchƟg. 
Rik – Vanaf de eerste dag werd onze samenwerking gekenmerkt door een warme band die 
verder gaat dan collegialiteit. Door je open en eerlijke houding en de manier waarop je alles 
benadert, voelde samenwerken met jou alƟjd natuurlijk en waardevol. Jouw enthousiasme 
gaf me steeds nieuwe energie. Stefan – Jouw drive, en je alƟjd hulpzame benadering gaven 
me de steun die essenƟeel was.

De samenwerking ging verder dan de inspirerende omgeving van de HU, waar het team de 
academische basis legde. Voor de prakƟsche uitvoering, de dataverzameling en de concrete 
realisaƟe van dit onderzoek kon ik rekenen op een ander onmisbaar team: mijn collega’s bij 
HRC, die hier een bepalende rol in hebben gespeeld.

In het bijzonder wil ik ons geweldige team van Roos, Eline, Timon, Lars, Maxime, Sandra, 
Astrid, Kevin, FlorenƟen en Florian bedanken. Jullie betrokkenheid en inzet bij de dataver-
zameling en de implementaƟe van het project waren van grote waarde. Dankzij jullie kreeg 
Powertraining echt vorm in de prakƟjk. Met het verzamelen van data, de bijdragen aan de 
arƟkelen in dit boek, jullie steun en jullie onvermoeibare geloof in het verspreiden en toe-
passen van powertraining bij ouderen, hebben jullie dit proefschriŌ mede mogelijk gemaakt.

Daarnaast wil ik twee mensen in het bijzonder bedanken: BriƩ Boersma en Jeroen Laarhuis. 
BriƩ, jij sleepte mij erdoorheen bij het schrijven in het Engels, corrigeerde mijn teksten en 
zorgde ervoor dat mijn gedachten in het Nederlands ook helder en krachƟg in het Engels 
overkwamen. Zonder jouw hulp had dit proefschriŌ niet de scherpte en helderheid gehad. 
Jeroen, jouw onvoorwaardelijke steun betekende enorm veel voor mij. Je stond alƟjd klaar 
om te helpen, ongeacht de vraag of het moment. Je gedrevenheid om powertraining bij ou-
deren tot een succes te maken in gemeenten door het hele land is bewonderenswaardig. Je 
enthousiasme werkte aanstekelijk en hielp mij door de lasƟge fases heen. Bedankt, maatje, 
voor alles!
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Ook collega’s uit mijn andere werkkringen horen in dit dankwoord thuis. Floriaan Wansink 

en overige collega’s van Sport & Science Fysiotherapie. Ook jullie bedankt voor alle steun en 
begrip.

Een bijzonder woord van dank gaat uit naar mijn FW-maatjes François Maissan en Edwin de 
Raaij. Jullie zijn door de jaren heen veel meer geworden dan alleen collega’s. Onze gezamen-
lijke studieƟjd aan Fysiotherapiewetenschap en de collega-periode aan de HU vormden de 
basis, maar de hechte en rijke vriendschap die daaruit is voortgevloeid, is voor mij van nog 
groter waarde. 

François, Jouw RoƩerdamse humor en het gemak waarmee je complexe problemen met een 
ad rem oplossing inzichtelijk wist te maken, brachten mij terug tot de essenƟe. Je eerlijkheid 
en betrokkenheid, of het nu ging om brainstormsessies of hulp bij de Delphi-studie, waar-
deerde ik enorm.

Edwin, jij bent een bijzonder mens. Met je scherpe blik en het hart op de tong wist je steeds 
de vinger op de zere plek te leggen, zonder veroordelend te zijn. Onze open gesprekken, 
waarin je je goudeerlijke mening gaf, hebben mij als mens veel gebracht. Ik ben dankbaar en 
trots dat jij samen met mijn zoon als paranimf aan mijn zijde staat.

En dan zijn er de Moboy’s, waar te beginnen? Er zijn maar weinig dingen zo constant in mijn 
leven gebleven als onze heilige zondagochtend. Jarenlang komen we samen, niet zomaar 
vrienden, maar trouwe voetbalmaten die keer op keer bewezen dat hersenloos achter een 
bal aanrennen de meest eīecƟeve therapie is die er bestaat. Vooral die zondagen waren 
goud waard. Vóór en na het voetbal werkte ik aan mijn promoƟetraject. Maar op het veld, 
te midden van jullie ‘techniek’, kon ik mijn hoofd alƟjd volledig leegmaken. Jullie waren meer 
dan een team; jullie waren mijn persoonlijke uitlaatklep en zorgden ervoor dat ik helemaal 
opgeladen aan de week begon. Bedankt voor de legendarische momenten en op nog vele 
jaren van deze dierbare zondagochtenden!

Tot slot was mijn promoƟe niet alleen een intellectuele reis, maar ook een persoonlijk avon-
tuur. Zonder mijn gezin had ik dit niet kunnen volbrengen. Jullie waren mijn ankers en mijn 
veilige haven, en gaven me telkens weer houvast, inspiraƟe en moƟvaƟe.

Maissa, Zidane en Amir – jullie brachten lucht, humor en energie precies op de momenten 
dat ik het nodig had. Jullie zijn mijn grootste inspiraƟe, mijn bron van geluk en mijn rustpunt. 
Ik ben dankbaar en trots dat ik jullie vader mag zijn. 
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Maissa – mijn “rechter oogappel”, jouw scherpe blik, warme liefde en leeuwenhart waken 
over ons gezin. Als de onrust het bij mij overneemt; dan was jij diegene die mij terugbracht 
naar de rust. In jou herken ik mijn eigen valkuilen en gedrevenheid. Zidane – mijn “linker oo-
gappel”, jouw onbevangenheid en speelse kijk op de wereld om je heen houden mij met bei-
de benen op de grond; je helpt mij relaƟveren wanneer het onderzoek me opslokt. Ik koester 
onze gezamenlijke lunch en gespreksmomenten. Langs de lijn kijkend naar jouw wedstrijden, 
kon ik helemaal ontspannen en kreeg mijn hoofd weer lucht en ruimte voor nieuwe gedacht-
en. Amir – mijn “derde oogappel ” jouw kalme, grenzeloze nieuwsgierigheid laat mij zien dat 
er meer is dan onderzoek en wetenschap. Onze gezamenlijke reizen naar voetbalwedstrijden, 
de gesprekken onderweg en de gedeelde momenten hebben me geholpen om alles in per-
specƟef te plaatsen en de rust terug te vinden als het tegenzat. Ik koester onze momenten 
langs de lijn, Ɵjdens de wedstrijden, trainingen de lange reizen naar de wedstrijden. Samen 
hebben we het hele land doorkruist en grote wereldproblemen Ɵjdens onze gesprekken op-
gelost. Dit relaƟveerde alles. Ik ben dankbaar voor elke gesprek en herinnering met jou. Naast 
de dagelijkse inspiraƟe die mijn gezin me biedt, wil ik ook sƟlstaan bij de fundering van alles. 
Papa, mama, broers en zus, dank voor de stevige basis. Jullie onvoorwaardelijke steun heeŌ 
me gevormd en gebracht waar ik nu sta. 

En dan mijn lieve vrouw Khamisa, jouw onvoorwaardelijke steun, geduld en rotsvaste geloof 
in mij vormden de ruggengraat van dit traject. Jouw vertrouwen gaf me de moed om vol te 
houden. Dank voor je standvasƟge aanwezigheid, zowel in voorspoed als tegenspoed. Ik kijk 
ernaar uit je de ontspannen versie van mezelf terug te geven.

Dit proefschriŌ is het resultaat van samenwerking met ongelofelijk gedreven, slimme en bove-
nal Įjne mensen. PromoƟeteam, commissieleden, collega’s, vrienden en familie: op welke 
manier jullie ook betrokken waren, jullie hebben allemaal een onmisbare bijdrage geleverd. 
Ik ben dankbaar voor elke ontmoeƟng en elk gedeeld moment op deze reis. Dank jullie wel.



A

233

PublicaƟons

PublicaƟons

El Hadouchi, M., Kiers, H., Veenhof, C., & Van Dieën, J. (2025). The impact of power training 
on muscle power, physical performance, and physical funcƟoning in older adults: A descrip-
Ɵve case series. Clinical IntervenƟons in Aging, 20, 849–857. hƩps://doi.org/10.2147/CIA.
S511954  

El Hadouchi, M., Van Dieën, J., Maissan, F., Eskes, T., Veenhof, C., & Kiers, H. (2025). Estab-
lishing a core outcome set to evaluate the eīects of power training in older adults: A Delphi 
study. Journal of Sports Sciences, 43(16), 1616–1628. hƩps://doi.org/10.1080/02640414.20
25.2516178  

El Hadouchi, M., Kiers, H., Boerstra, B., Berends, R., Schreuder, E., Veenhof, C., & Van Dieën, J. 
(2024). The reliability, validity, and responsiveness of tests used to assess the eīects of pow-
er training in older adults: A systemaƟc review. Physical Therapy Reviews, 29(4), 153–166. 
hƩps://doi.org/10.1080/10833196.2024.2376439   

El Hadouchi, M., Kiers, H., Boerstra, B. A., Veenhof, C., & Van Dieën, J. (2024). TherapeuƟc 
validity and replicability of power training intervenƟons in older adults: A review using the 
TIDieR checklist and CONTENT scale. Heliyon, 10(2), e24362. hƩps://doi.org/10.1016/j.heli-
yon.2024.e24362  

El Hadouchi, M., Kiers, H., Boerstra, B. A., Pijpers, R., Veenhof, C., & Van Dieën, J. H. (2023). 
Power training in older adults: A pilot and feasibility study. Journal of RehabilitaƟon Research 
and PracƟce, 4(1), 22–29. hƩps://doi.org/10.46439/rehabilitaƟon.4.023  

El Hadouchi, M., Kiers, H., de Vries, R., Veenhof, C., & Van Dieën, J. (2022). EīecƟveness of 
power training compared to strength training in older adults: A systemaƟc review and me-
ta-analysis. European Review of Aging and Physical AcƟvity, 19, 18. hƩps://doi.org/10.1186/
s11556-022-00297-x  

de Knikker, R., El Hadouchi, M., Velthuis, M. J., & Wiƫnk, H. (2008). De Nederlandstalige 
Victorian InsƟtute of Sports Assessment–Achilles (VISA-A) quesƟonnaire: Cross-culturele ad-
aptaƟe en validering bij Nederlandse paƟënten met Achilles-tendinopathie. Nederlands Tijd-

schriŌ voor Fysiotherapie, 118(2), 34–41. 



234

Appendix

Conference ContribuƟon 

El Hadouchi, M., Kiers, H., de Vries, R., Veenhof, C., & van Dieën, J. (2022, June). EīecƟveness 
of power training compared to strength training in older adults [Conference presentaƟon]. 
World Physiotherapy Congress 2023, Dubai, United Arab Emirates.

El Hadouchi, M. (2023, November). Power training bij arthrose [Conference presentaƟon]. 
KNGF Congres 2023, Papendal NOC*NSF Topsportcentrum, Arnhem, The Netherlands.

El Hadouchi, M. (2017, November). Powerful Ageing [Conference presentaƟon]. HU InsƟtuut 
voor Bewegingsstudies Symposium, Utrecht, The Netherlands.

El Hadouchi, M. (2025, November). Powerful Ageing als waardegedreven zorg [Conference 
presentaƟon]. HU InsƟtuut voor Bewegingsstudies Symposium, Utrecht, The Netherlands.



A

235

About the Author

About the Author

Mohamed el Hadouchi was born in Beni Touzine, Morocco, on January 2, 1970. He obtained 
his Bachelor’s degree in Physiotherapy from the University of Applied Sciences Utrecht in 
1999. He then specialized in Sports Physiotherapy at the IAS – InternaƟonal Academy for 
Sportscience, graduaƟng as a sports physiotherapist in 2004. During this program, his interest 
in the relaƟonship between physical performance, rehabilitaƟon, and scienƟĮc evidence was 
further strengthened. In 2009, he completed a Master’s degree in Clinical Health Sciences, 
with a specializaƟon in Physiotherapy Science at Utrecht University, enhancing his clinical 
experƟse with a scienƟĮc foundaƟon in research methodology and knowledge development 
within the Įeld of physiotherapy.

Throughout his career, Mohamed has worked in various clinical seƫngs, focusing on the 
treatment and guidance of (elite) athletes, but primarily on individuals with load- and move-
ment-related problems in primary care, including older adults and people with chronic con-
diƟons. In addiƟon to his work as a sports physiotherapist, he has also been acƟve as a per-
formance coach and exercise physiologist, providing individualized performance opƟmizaƟon 
programs for (elite) athletes.

Alongside his clinical work, Mohamed has been acƟve as a lecturer and curriculum developer 
in higher educaƟon, guiding students and professionals in their development within physi-
otherapy and sports rehabilitaƟon. He combines teaching with pracƟce-oriented research, 
with a speciĮc focus on the role of muscle power and the eīects of power training on physical 
performance across various populaƟons.

In 2017, he was awarded a Doctoral Grant for Teachers by the Dutch Research Council (NWO). 
With this grant, he iniƟated a PhD project invesƟgaƟng the eīects of muscle power and pow-
er training on physical funcƟoning and performance capacity in older adults. This research 
was conducted in collaboraƟon with the University of Applied Sciences Utrecht (HU) and 
Vrije Universiteit Amsterdam (VU), and serves as a bridge between scienƟĮc research, clinical 
pracƟce, and educaƟonal innovaƟon. During the PhD trajectory, he also completed a Master 
of Business AdministraƟon (MBA) in 2020, expanding his experƟse in leadership, organiza-
Ɵonal development, and strategic management in healthcare.

In addiƟon, Mohamed is co-owner of Health Research and Consultancy, an innovaƟon-driven 
healthcare company focused on developing scienƟĮcally grounded treatment methods and 
intervenƟons in physiotherapy and the broader Įeld of health care. Through this company, he 



236

Appendix
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