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Abstract
Background: There is scientific evidence that preventive physical exercise is effective even in high age. In
contrast, there are few opportunities of preventive exercise for highly aged people endangered by or actually in
need of care. For example, they would not be able to easily go to training facilities; standard exercises may be too
intensive and therefore be harmful to them; orientation disorders like dementia would exacerbate individuals and
groups in following instructions and keeping exercises going. In order to develop appropriate interventions, these
and other issues were assigned to different levels: the individual-social level (ISL), the organisational-institutional
level (OIL) and the political-cultural level (PCL). Consequently, this conceptional framework was utilised for
development, implementation and evaluation of a new strength and balance exercise programme for old people
endangered by or actually in need of daily care. The present paper contains the development of this programme
labeled "fit for 100", and a study protocol of an interventional single-arm multi-centre trial.

Methods: The intervention consisted of (a) two group training sessions every week over one year, mainly
resistance exercises, accompanied by sensorimotor and communicative group exercises and games (ISL), (b) a
sustainable implementation concept, starting new groups by instructors belonging to the project, followed by
training and supervision of local staff, who stepwise take over the group (OIL), (c) informing and convincing
activities in professional, administrative and governmental contexts, public relation activities, and establishing an
advisory council with renowned experts and public figures (PCL). Participating institutions of geriatric care were
selected through several steps of quality criteria assessment. Primary outcome measures were continuous
documentation of individual participation (ISL), number of groups continued without external financial support (at
the end of the project, and after one year) (OIL). Secondary outcome was measured by sensorimotor tests and
care-related assessments in the beginning and every 16 weeks (ISL), by qualitative outcome descriptions 12
months after group implementation (OIL) and by analysis of media response and structured interviews with
stakeholders, also after 12 months (PCL).

Conclusion: Exemplarily, preventive exercise has been established for a neglected target population. The multi-
level approach used here seems to be helpful to overcome institutional and individual (attitude) barriers.
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Background
Successful ageing is both in a psychological and physio-
logical dimension a main goal most elderly people aim
for. This includes keeping one's independence [1,2]. Gen-
erally, it is well-known that aerobic and strength training
can effectively contribute to this aim, even in high age [3].
However, highly aged people may have problems to easily
go to training facilities; standard exercises may be too
intensive and therefore be harmful to them, or too com-
plex for effective and save execution; standard test proce-
dures may not be appropriate for this target group;
trainers may be inadequately educated. Additionally, the
increased prevalence and incidence of orientation disor-
ders like dementia would exacerbate individuals and
groups in following instructions and keeping exercises
going on. These general preconditions are even more pre-
carious for people in need of ambulant or residential care.
Therefore, research for this target group should not focus
on strength and balance training alone, but also on how
to implement programmes and how to distribute good
practice to the public. In this paper, the following sections
contain a rough problem analysis leading to multi-level
approaches of programme development, implementation
and diffusion. A preventive training programme and a
study protocol will be described. An outlook of planned
evaluation is given.

Problem analysis and conceptual framework
Reconsidering the introductorily mentioned precondi-
tions, some aspects to be met are at the individual level,
like selecting proper exercises or handling deficits in short
time memory, or in spacial and temporal orientation
problems within the target group. Benefits like binding-
ness, motivation and training quality, gained by dated
exercises in a group, led by an instructor, are at the social
level. Especially the social contacts meet loneliness, which
is often observed in residential care facilities, even though
community activities exist. On the other hand, usually in
a group there are individual differences in performance,
understanding, and needs. An educated and experienced
group instructor should be used to managing these issues.
The examples show that the social level interferes with the
individual level. Therefore in this paper the domain will
be referred to as individual-social level (ISL).

Other preconditions mentioned in the introduction are
due to the institution the residents live in. For example,
the reader may consider an 82-year-old woman living in
residential care. She may be known for needing some help
in personal mobility, for whatever reason. A nurse or an
assistant is in charge to provide the help needed, for exam-
ple to guide her to her room, or to push the wheel chair,
or just to remember and to invite her to the training ses-
sion. If there were any recurrent problems for her reaching
the training room in time, these would not be located at

the individual level, but at the organisational or institutional
level (OIL): the assistant may be busy with another task,
the care unit may be understaffed or the staff may take the
training programme not as serious as they should.

Trying to implement training groups soon leads to
another level of issues. Living in residential care, for exam-
ple, would leave most potential participants only a small
pocket money. Therefore, obligation to pay the full costs
of training themselves raises a high barrier to most resi-
dents. On the other hand, directors of care homes com-
plained being compelled to bring down care staff during
the past years, due to the economic situation in geriatric
care in Germany [4,5]. Therefore, even being convinced of
the usefulness of preventive training does not mean that
there would be enough financial resources to implement
it. At the care and health system level, geriatric care is often
thought to be placed at the end of some continuum with
prevention at its opposite end. This seems to reflect the
opinion of many professionals in the field as well as parts
of the public. In this paper, we assign the system-related
issues to the political and cultural level (PCL). In summary,
different levels of issues and interventions are playing
roles when preventive training in residential care is to be
developed and implemented:

• the individual-social level (ISL)

• the organisational-institutional level (OIL) and

• the political-cultural level (PCL).

Using this framework may help to meet an approach
labeled theory of the problem and theory of the intervention
[6,7], for both parts relate to several levels. Consequently,
these levels should also be considered in the evaluation of
the programme. Multi-level evaluations were carried out
in a number of other social programmes [8,9], and were
recommended for physical exercise [[10], pp. 214-220]. In
the subsection Recruitment, inclusion and exclusion at
the institutional and at the individual level (Methods),
the corresponding procedure of the present project will be
described.

Aims, approaches and strategies of the over-all 
programme
Starting in 2004, a multiprofessional team from sport and
social sciences, scholars and practitioners, ventured on a
mission according to the motto fit for 100. The ongoing
tasks are:

• to conceptualize a scholarly-based strength and bal-
ance training programme targeting on very old per-
sons endangered by, or actually in, need of care.
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• to conduct this programme for the purpose of
research and for developing good practice models.

• to initiate broad diffusion and establishment of the
programme in institutions providing geriatric care.

The activities were based on two prerequisites on the role
of science and academia: Firstly, the project was mainly to
apply scientific knowledge to a practice field. As usual in
engineering, on the course questions would arise to be
answered using scientific methods [11]. Secondly, scien-
tists and the university institute would be responsible for
initiation, development and quality management, but not
for distribution and maintenance. On the long run, a spe-
cific organisation taking over these tasks has to be joined
or to be founded.

In consequence, all activities were planned at a multi-level
scale according to the previous section. From the begin-
ning, aspects of structural development and sustainment
were considered. Therefore, the development and dissem-
ination strategy was determined to start with residential
geriatric care. The aims of this strategy were to show that

• the need of assistance with daily activities is no bar-
rier to do physical exercise successfully (ISL).

• within the complex environment of a residential care
institution the temporal, spatial, personal and finan-
cial means to set up a high-quality training pro-
gramme and to continuously conduct it can be
provided (OIL).

• the constructs prevention and geriatric care do not
exclude each other (PCL).

For the overall fit for 100 mission, several stages were
planned:

• General conceptualisation and fundraising (06-2004
until 05-2005): A strategic cooperation with the State
Seniors' Agency of North-Rhine Westphalia (German:
Landesseniorenvertretung) and with the State Sport Fed-
eration of North-Rhine Westphalia (Landessportbund)
was established. A successful application for a grant on
a social affairs model project (sozialpolitisches Modell-
projekt) in the area of geriatric care allowed to enter
stage I.

• Stage I - Sustainable local models (06-2005 until 07-
2008): The exercise programme is developed, feasibil-
ity and adoption are tested. The details are described
in the present paper.

• Stages II and III - Dissemination and research (12-
2006 until 03-2009). The preparation for a state-wide
dissemination of the programme includes financial
(grant applications), organisational (test of the dis-
semination concept) and personnel aspects. In addi-
tion, an extension of the programme for demented
people is tested within a time series approach. Con-
ception and results of these stages will be published
elsewhere.

In the last two parts of the background section, the focus
and principles of the exercise programme are laid down.
First, a literature overview is given, covering exercise for
frail and highly-aged people. Concrete reference pro-
grammes are discussed. On this base the new exercise pro-
gramme is developed. Its content and organisation are
described in the last subsection, including important con-
ditions for participants and instructors.

Literature on exercise with frail and highly-aged subjects
The following three subsections present a concise litera-
ture overview on effects, configuration and organisation
of training with very aged people. It will help to choose
and to justify goals and exercises. In order to learn from
experiences with the implementation of programmes in
the targeted setting, the forth subsection focuses on Ger-
man circumstances.

Training effects in high age
Seven exercise programmes, called the FICSIT studies
(Frailty and Injuries: Cooperative Studies of Intervention Tech-
niques), were carried out at seven different places in the
United States. They focused on endurance, balance and
flexibility training, Tai Chi, resistance training and train-
ing for functional activities, multifactorial und individual-
ized training including medication changes and
behaviour aspects, behaviour accommodation, and edu-
cational intervention, respectively. Province et al. [12] did
a meta-analysis on these programmes and concluded that
non-directed and non-specific exercises had no effects on
well-being of the aged. All interventions utilising physical
activity were successful.

It is important to know, however, which kind of physical
activity is useful. Via strength training with dumb-bells
and cuffs with weights, aged people between 73 and 94
years achieved significant improvements regarding their
efficiency in balance, stair climbing, 6-meter-gait and
chair-rising test [13]. For the over-75-years-old, Gill et al.
[14] describe the effectiveness of daily balance-training
and flexibility exercises in combination with training for
the upper and lower part of the body. Three times a week,
exercises were performed using an elastic band in a sitting
position. In the training group, the onset of ADL reduc-
tion was seen later than in the control group, and the
Page 3 of 15
(page number not for citation purposes)



BMC Geriatrics 2009, 9:51 http://www.biomedcentral.com/1471-2318/9/51
amount was lower. Hruda et al. [15] report increased mus-
cle strength and improved performance of functional
activities through progressive training for the lower part of
the body. The subjects were 75 to 94 years old. This train-
ing programme consisted of exercises for strength and
functional performance.

The positive effects of training in endurance and strength
for the frail and the very old have been known for decades:
for instance, Liesen et al. [16] demonstrated a gain of max-

imum oxygen uptake ( ) in 55 to 70-year-old

untrained people by eight weeks of endurance training.
Delorme [17] displayed the benefits of training with high
resistance and the importance of such a programme espe-
cially for recreation of functionality after injury. Signifi-
cant gains in muscle strength, muscle size and functional
mobility through highly intensive resistance training were
detected by Fiatorone et al. [18] even for people over 90
years living in nursing homes. Sullivan et al. [19] support
progressive resistance training actually for frail elderly
who are still recovering from disease.

In conclusion, resistance training can yield positive effects
even for frail and highly-aged people. Type and magni-
tude of such effects depend on certain parameters, e.g.
choice and order of exercise, intensity, number and length
of sets, time under tension and rest length period [20,21].
Does intensity increase over time? Which movement
instruction is given? Is there any feedback or correction for
the participants? These and more aspects also determine
training outcomes. Unfortunately, many papers on inter-
ventional trials only partially contain this important
information [14,22-25].

Training configuration: frequency and intensity
Exercise intensity and number of exercises per week vary
between programmes. Training frequency varies between
two and seven workouts per week. Mostly three days of
resistance training per week had to be performed
[15,19,25-31]. Exercise intensity spanned from low [22],
moderate [32] up to progressive increasing [15,19] or
high intensity [18,24,33].

In sport science, strength training intensity is often
described in relation to the one repitition maximum
(1RM). 1RM is defined as the maximum load under which
a subject is able to correctly perform a specific exercise for
one time, but not for a second time. Seynnes and col-
leagues [31] compared several trials and found that train-
ing with high intensity (80% of 1RM) is as save as training
with low intensity (40% of 1RM), while - as expected -
high-intensity training is considerably more effective con-
cerning physiological and functional measures. Effects of

the eccentric phase with resistance training for the lower
extremity were considered in an investigation of LaStayo
et al. [29]. The participants of the eccentric (negative
work) resistance exercise showed larger force increases
than the participants of the traditional weight training
resistance exercise with free weights and weight machines.
Therefore, the eccentric phase in the new programme is
enlarged to four seconds (see below).

Training organisation: social forms and guidance
Group-based and home-based training programmes differ
in the number of weekly training units and in the possibil-
ities to observe participance and performance. The partic-
ipants of Campbell's study [23] had to train six times a
week, at Gill et al. [14] even daily. McCool & Schneider
[30] conducted only three exercise units per week, but
with three high-intensity sets and with guidance of a phys-
iotherapist at the beginning. Timonen et al. [34] showed
that group exercises had a significant advantage in mood
improvement compared with exercising at home; Binder
et al. [22] reported significantly larger improvements in
three of four output measurements with an exercise train-
ing programme opposite to a home exercise programme.
Supervised training is more effective than independent
training at home. Brill et al. [13] described significant
improvements of "functional performance" (timed chair
stand, stair climb, 6-meter walk, balance) with a strength
training using ankle weights and dumb bells led by an
instructor, at Boshuizen et al. [26] the more guided group
(two supervised group sessions and one unsupervised
home session) had a tendency to better results than the
group with less guidance (one supervised group session
and two unsupervised home sessions) and the control
group. Extensive studies are needed to clarify whether
these tendencies subsist.

Other arguments seem to be more important for decisions
on training organisation: while Hinrichs and colleagues
[35], for example, focus on home-based training in order
to reach their target group more easily, the present study
prefers group sessions for social interaction and instruc-
tions.

Training implementation: example programmes from targeted 
settings
Becker et al. [36] conducted a programme which was later
referred to as Ulm model. Within a group offer for six to
eight persons in residential geriatric care settings, strength
and balance exercises were carried out at least once per
week. In addition, hip protectors, advice for the residents,
their relatives and for the caregivers as well as a modifica-
tion of environment were offered. The exercise pro-
gramme included ten exercises (75% of 1 RM) for around
75 minutes. Arm and trunk exercises in a seated position
alternated with leg exercises in a standing position. Due to

VO max2
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this alternation of standing and sitting positions, an addi-
tional training stimulus was obtained.

A multifactorial evaluation (cluster randomized, n = 981)
was carried out between 1998 and 2000. In the experi-
mental group, the number of falls was 40% lower com-
pared to the control group. The number of persons who
experienced multiple falls was 44% lower [37]. The exer-
cise programme of the Ulm model was disseminated
state-wide and adopted by other German states, in the
fields of residential care and ambulatory care [38,39].

Similiar to the Ulm model, an exercise programme called
PATRAS (Paderborn training study for seniors [40,41]) was
conducted twice per week during a period of 16 weeks
with 46 residents of three nursing care institutions in Pad-
erborn, Germany. In comparison to the Ulm model, PAT-
RAS contained three additional exercises (grip strength,
lower arm exercise and seated knee extension), but there
were no squatting exercises. In addition, there was
another sequence of exercise: at first, all seated exercises
for arms and torso, and the knee extension exercise were
executed. Subsequently, all leg exercises were performed
in a standing position. Instead of dumb bells, as used in
Ulm, small bags filled with weight balls were used for the
arm exercises.

Tittlbach et al. [42] accomplished a psychomotor training
programme with residents of nursing homes. They
showed significant positive effects on coordination, flexi-
bility and cognitive functions but not on ADL and
strength. Schumann-Schmid and Dittmar [43] reported
on another intervention scheme with strength, flexibility,
balance, body perception and memory exercises. These
were offered in five nursing and care homes in the city of
Mainz, Germany. The training duration and frequency
was 30 minutes, three to five times a week. At present,
results are not yet available.

Official publications of these programmes as well as per-
sonal communications with the authors and colleagues

exerted influence on the development of the new pro-
gramme, as shown in the following sections.

Development of the new exercise programme
Overview and principles
Based on the reviews given above, the new programme
has been developed. While the reference programmes
aimed, for example, at reduction of fall risks and improv-
ing nutritional status, the new programme concentrates
on maintaining or re-establishing everyday life compe-
tence and mobility. Therefore, the following principles
have been set up:

• Orientation towards programme goals: training of
muscle groups involved in activities of daily living.
Enhancing strength, balance, and flexibility, in order
to support independent daily activities, fall preven-
tion, and well-being.

• Orientation towards principles of modern training
science: regular training, twice per week for 60 min-
utes, exercises with an intensity of approximately 80%
of 1RM, ten repetitions performed emphasing the
eccentric contraction. Professional guidance, increas-
ing load, individualisation. Motivation for self-sus-
taining participation by group exercise.

• Accordance with the abilities and needs of the target
group: every participant should experience his or her
own motivating success by reaching individual goals.
Group exercise as social event. Fewest possible exclu-
sion criteria.

In summary, a goal-oriented, science-oriented and target-
group-oriented exercise programme has been created.
Table 1 summarises the main training characteristics.
Referring to the conceptual framework introduced above,
this exercise programme relates to the individual-social
level. The instructor would act at the same level, but is also
an interface to the institutional level.

Table 1: Characteristics of the new exercise programme. Modified according to Mechling und Brach [[48], p. 15].

Focus Strength, balance, ability to perform ADL
Exercise choice 10 strength exercises supporting everyday competence Sensorimotor exercise and games during opening and end phase 

of the session
Exercise frequency Group sessions twice a week

Exercise volume 1-2 sets with 10 repetitions each
Duration of one session 45 to 60 minutes

Exercise intensity 80% of 1RM, controlled by Borg's rating scale of perceived exertion
Minimum requirements Ability to stand or ability to perform the alternative exercises

Ability to join group activities
Instructors Instructors undergo particular programme training

Participation Regular and continuous exercise is essential in order to gain desired effects
Additional care Additional assistant is present to care for frail and for disorientated participants

Liquid intake Breaks with beverage offers are an integrant part of the training intervention
Page 5 of 15
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Exercises
The main part of the new training programme contains
ten resistance exercises, covering muscle groups necces-
sary for everyday movements according to the programme
focus (see table 2). One or two series with a set of ten rep-
etitions of each exercise are carried out in a slow, control-
led manner with one minute active break after each set
and between the series. During the opening and closing
phases, sensorimotor and communicative group exercises
and games are conducted to enhance motivation and
social dynamics. As discussed in the literature overview,
exercises for upper and lower body or extremities are alter-
nating. This way, standing up and sitting down is utilised
as part of the training and the participants will get used to
it (again) as an everyday movement.

Training intensity should be about 80% 1RM. This can be
achieved by the use of ankle weights containing an indi-
vidual and changeable number of weight bars, and the use
of different dumb-bell weights. Intensity is controlled by
perceived exertion (see next subsection for details).

Target group orientation and staff
Inclusion prerequisites for participants have been set as
low as possible: she or he has to be able to act in a group
and stand on her/his feet for a while. Each group is
allowed to include few demented people or wheel chair

users. Local staff is instructed to invite residents to the
exercises, focussing on persons with problems in mobil-
ity. Participation is voluntary and can be stopped every
time. New volunteers are invited to take the place of drop-
outs.

In every way, the needs and abilities of the heterogeneous
group of old and very old persons should be met. There-
fore, an additional assistant on the institution's staff was
present in each group. Need for special assistance could
arise from a dropped training device, from hearing or
understanding problems, or from a sudden need for guid-
ance to the lavatory. In most cases of assistant activities,
the instructor would go on and nobody would mind - in
avoidance of embarrassment. For wheelchair users, alter-
native exercises have been prepared. Cognitive limited
persons would be able to train in segregative as well as
integrative groups with more intensive training support.

The instructor would observe and assist the exercise and
would provide visual, verbal and tactile correction and
motivation. She or he should stimulate an intensity
between "somewhat hard" and "hard (heavy)" on Borg's
perceived exertion scale [44], corresponding to a point of
instantaneous muscular fatigue at the end of a certain
exercise. As Löllgen [45] describes, Borg's scale gives com-
prehensible and coherent references for exercise intensity

Table 2: Muscle groups, daily activities and corresponding exercises. Translated and extended from the fit for 100 manual [[66], p. 8].

Muscle group Motor activity Corresponding example of 
daily activity

Corresponding example 
exercise from the exercise 
programme

Spinal erector Trunk erection Upright posture To consciously put upright the 
trunk

Upper back muscles Trunk erection Deep respiration Extend arms toward the ceiling 
(exercise winner)

Hamstring and glutei muscles Hip extension Rising from a chair, walking safely, 
postural stability

Light squats

Quadriceps and hip flexor muscles Leg extension and hip flexion, 
respectively

Rising up, walking, climbing stairs Extension phase squats (exercise 
treading water)

Foot flexion, foot extension, calves Foot and ankle stabilisation during 
walking

Walking safely, overcoming trip 
hazards

Sitting or standing position: 
exercise heel and tiptoeing

Muscles of the shoulder Arm rising All movements using upper 
extremities, e.g. combing, 
hairdressing, personal hygiene, 
dressing, eating, drinking

Arm lifting towards ceiling, 
exercises bird and winner

Chest, shoulder and arm muscles Support movements with arms Lifting and carrying objects, 
hanging up laundry, putting on 
elasticized stockings

Exercises butterfly, nutcracker and 
biceps

Lower arm and hand muscles Movements of hand and fingers Squeezing a flannel, opening a 
bottle, moulding coffee, cutting 
bread, eating

Coordinative finger exercises using 
weight pouches; optional weight 
exercises motorcycle driving and 
paste rolls

Abductors and small glutei 
muscles, hip joint muscles

Sideward lift of the extended leg 
(alternatively)

Lateral balance while standing and 
walking

Lateral hip elevators

Abdominal, trunk and pelvic floor 
muscles

Keep trunk tension Upright posture Sitting position: squeeze ball or 
cushion between the legs; pressure 
with both legs against the ground
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in primary and secondary prevention, also for resistance
training. While generally this scale is easy to use, it may
confuse very old participants. Therefore, the criterion for
reaching an appropriate load in strength exercise was
stated "feels bold strain within the muscles, which would
not be present during everyday movements".

The participants are expected to behave self-consciously in
a new group, and to have problems to execute new move-
ments immediately. Therefore, during the first weeks,
learning the exercises and familiarising with the group are
the main tasks of the session. At an early stage, the dura-
tion of a session should be limited to 30 or 45 minutes. At
later stages, the training should be expanded to 60 min-
utes.

The description above shows that the instructor is a key to
the success of each local group via his or her ability to
judge the personal differences of the members of the
group. Knowledge and judgement regarding exercise
instruction and interaction with multimorbid and frail
elderly, associated with personal properties, are essential
for leading groups in the present programme. Conse-
quently, emphasis must be given to the training of the
instructors by a special conception. The licencing condi-
tions include full three day training, an on-site visitation,
and advanced training as an update every two years. The
conception will be described elsewhere, in context with a
study on instructor behaviour, which has been conducted
already.

Methods
Overview: Conception and design of the study
The exercise programme described in the subsection Inter-
vention is oriented towards a broad target group of eld-
erly, who are frail or in danger of frailty. The development
and dissemination strategy intends residential geriatric
care to be a practical starting point to reach parts of the tar-
get group (facilities, staff, short transport). With these
aims in mind (see also subsection Aims, approaches and
strategies (Background)), the success of the first steps
would strongly depend on the concrete institutions where
the programme would be implemented initially. There-
fore - in contrast to the broad inclusion at the individual
level - a multistep selection process is conducted in order
to find "optimal" institutions. "Optimal" means that the
choice should give reason for a high probability of the
institutions

• to be able to conduct the programme for at least one
year,

• to adopt the programme before the project phase
(and funding) ends, and

• to serve as a model for other institutions having a
similar structure, organisation, or environment,
including possible problems to be solved in maintain-
ing the programme.

The selection procedure is laid down in the following sub-
section, in order to find optimal model institutions.
Unlike random sampling, these institutions will not rep-
resent a population of all institutions being part of the
audience for the programme. In consequence, it is not
indicated to draw statistical conclusions from the model
institutions to a certain population. Inferential statistics
will be part of later phases of the project, which will deal
with dissemination of the programme. For the present
study is oriented towards development, feasibility and
best practice modeling, data analyses will be imbedded in
a framework of evaluation research (see subsection Data
analyses and evaluation framework). Evaluations are
planned at multiple levels and time frames.

In summary, the protocol is an interventional single-arm
multi-centre trial with one year of interventions on multi-
ple levels and four accompanying points of measurement,
and a 16-month follow-up. At Current Controlled Trials
http://www.controlled-trials.com it was registered as
ISRCTN55213782. There is a comprehensive project web
site in German http://www.ff100.de, with an English
summary http://www.ff100.de/index.php?page=neu.

Recruitment, inclusion and exclusion at the institutional 
and at the individual level
The following sections describe the recruitment criteria
and procedures. The statements focus at the institutional
level (care homes, subsection Procedure of model devel-
opment) and at the individual level (participants, subsec-
tion Recruiting subjects for training groups). Figure 1
(section Preliminary results: establishing model institu-
tions) gives an overview on the selection process, as well
as on some resulting numbers of stakeholders at different
levels. There were no participants or test persons planned
at the political-cultural level. The activities in that context
are written down in subsection Intervention).

Procedure of model development
The trial is conducted in North-Rhine Westphalia, a Ger-
man state with around 857,000 inhabitants aged 80 years
and over (70% female) [46]. About 485,000 of them are
in need of care, nearly 154,000 estimated to live in one of
2,138 residential geriatric care homes [47]. The plan to
select candidates for institutional models of this popula-
tion is as follows:

Step 1. The State Seniors' Agency, an official lobby organ-
isation for the concerns of seniors, preselects five regions,
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Flow chart: Recruitment procedure for individuals and institutionsFigure 1
Flow chart: Recruitment procedure for individuals and institutions. Each step, including corresponding selection cri-
teria, is described in the subsection Recruitment, inclusion and exclusion at the institutional and at the individual level (Meth-
ods). The label ff100 team connotes the academic collaborators of the fit for 100 project.
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intending to distribute governmental support over the
state's five administrative districts.

Step 2. Using a written questionnaire, an ascertainment of
all institutions of geriatric care is strived for. The subjects
covered are present physical activity offers, interest in the
new programme, and general data on the institution and
its target group. Before sending the questionnaire, a per-
sonal contact is made by phone, in order to prepare par-
ticipation in the enquiry.

Step 3. According to the aims above, candidates for the
model project are detected by an exclusion process with
predefined criteria:

- rate of educated nurses lower than 55%,

- less than 60 residents who are not bedridden,

- no staff to guide participants to the training session
and back,

- no staff to take part in the project training, and

- not enough room for regular group exercise (e.g. rear-
ranging a dining room is not acceptable).

Step 4. The remaining institutions are ranked along the
questionnaire results and the following criteria of general
conditions:

- balance between the preselected urban and rural
regions,

- enlist ambulant care, day care and residential care,

- enlist different responsible institutions in the health
system,

- contain at least some proposals of cooperation part-
ners, and

- include different target groups, e.g. demented sen-
iors.

Step 5. The "top three" in each preselected region are vis-
ited by project staff. The following aspects are considered
in the visitation and the final selection:

- manifest strong interest in a participation in the
project, in further development of existing offers, in
the sustainablility beyond the end of the project,

- show an open mind to subjects like prevention,
movement or training,

- positive atmosphere of the conversation, enough
time and full attention, and

- positive social interaction of the management, staff
and residents.

Step 6. After visitation, the ranking in each preselected
region is reconsidered and up to ten institutions are
selected, covering the five predefined regions. The selec-
tion is discussed with the project partners and is adopted
concertedly by the management board (see below).

Recruiting subjects for training groups
As stated above, a broad inclusion is intended at the indi-
vidual level. This corresponds to the inclusion procedure,
which leaves the invitation of residents to the local staff.
Keeping the "step" notation given above, which again
serves as a description of figure 1 (section Preliminary
results: establishing model institutions), subject recruit-
ment is considered step 7:

Step 7. According to the grant application, two exercise
groups in each of the five institutions were planned.

There are rather aspects of recommendation than decision
criteria for inclusion:

- Participants (men and women above 80 years of age)
should be able to stand with assistance and under-
stand instructions.

- Group integration of a small number of persons not
being able to stand up is made possible by alternative
exercises.

- Group integration of a small number of persons with
orientation disorders is allowed, because an addi-
tional assistant is present in the group sessions.

- The size of the groups should range from 8-12 sen-
iors. This results in an expected sample size of 80-120
at the individual level.

The procedure is prepared by oral information in special
meetings for residents, relatives and care-givers, and by a
specially conceptualised education of training instructors
(see subsection Target group orientation and staff (Back-
ground)). Residents are invited by nurses and participate
on their own decision. New participants would move up
if somone leaves the group. All participants have to give
informed consent. A resident cannot be invited if

- he/she is not able to take part in a group activity, or
Page 9 of 15
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- exercise has been refused for a medical condition (by
nurse or clinician).

Interventions
The interventional activities are grouped to the levels
which have been introduced by the conceptual framework
(see section Background).

Individual level: exercises and social contact
For one year, two training sessions are conducted each
week, separated by at least one day. The first group ses-
sions take 30-45 minutes and later they are extended to 60
minutes. Training volume is controlled via the number of
different exercises covered (1-10), exercise repetitions per
set (1-10) and number of series of all ten exercises (1-2).
Training intensity is controlled by individual weight of
dumb bells and ankle weights. Details are laid down in
the subsection Development of the new exercise pro-
gramme (Background).

Institutional level: Sustainable implementation of training groups
Right from the start of each training group, a positive
example should be established for all local stakeholders
(e.g. participants, relatives, care staff, management).
Therefore, the group sessions are led by project staff or by
exercise professionals with a special training in our pro-
gramme. Subsequent to this demonstrative and motivat-
ing start, institutional staff is trained and would take over
the group step by step. Supervision and coaching is con-
ducted by project staff. Supervisors ascribe value to certain
qualities of the programme in order to keep them,
although resources are known to be scarce. Critical quali-
ties, for example, are conduction of two sessions per week
instead of one, or the presence of an assistant during
group sessions in addition to the instructor.

During this process, the management and director of the
institution are continuously provided with information.
Other stakeholders (see above) and the physicians in
charge are also informed. Conditions and possibilities to
resume the training group after the end of the project are
discussed. The negotiations would aim at the institution
taking over the responsibility for the training group at a
certain date, including personnel and finances. The adop-
tion should be completed after 12 months at the latest.

Political-cultural level: convincing professionals, administration and 
the public
Exercise in accordance to training principles, offered to
highly aged people in need of care seems strange for parts
of the public and also for many professionals and deci-
sion-makers in the field of geriatric care and relevant
administration. Therefore, activities at the political and
cultural level aim at information, persuasion and gaining
support for the continuation of the project, namely the

training groups of stage I and the conduction of stage II
and stage III of the project (see subsection Aims,
approaches and strategies (Background)).

Project presentations in professional, administrative and
governmental contexts are intended, e.g. during institu-
tionalised meetings and committees, specialised confer-
ences, or fairs. Mostly, attendance to these kinds of
meetings is not open. Hence, a special invitation to
present the project has to be strived for. Public relation
activities (press, TV, Internet) are planned to be carried
out as well. While the building of a homepage can be
planned and conducted on our own, the attention of press
and media has to be attracted, for example on occasion of
the start of a new training group.

In addition to these continuing activities, two special
milestones have been planned at the end of the stage I
project term: first, the publication of a manual for imple-
menting new training groups. Second, the organisation of
a public conference with contributions from experts and
politics. Last but not least, renowned experts and public
figures have been contacted, in order to form an advisory
council for all stages of the project, thus reaching out over
the edge of stage I, and gaining support for sustainability
of the outcomes.

Types and procedures of data collection
The primary outcome measures directly yield information
on the achievement of the aims given in section Aims,
approaches and strategies (Background). Measures refer-
ing to the effect of the interventions are called secondary
outcome measures.

Primary outcome measures
At the individual level, the local instructors are told to
continuously document individual participation and
individual dumb bell and ankle weights. For this purpose,
a special form is provided.

At the institutional level, the activities are oriented
towards sustainability (see section Aims, approaches and
strategies (Background)). Consequently, the success of the
efforts will be measured by the number of institutions
which will have adopted the training groups after finan-
cial support from the project grant has expired. In addi-
tion, the duration of funding by the project grant and,
where appropriate, the new form of funding will be
recorded.

16 months after the time of adoption, follow-up tele-
phone interviews are conducted with the instructors and
with the directors of the care residences, in order to learn
about maintenance and changes in certain aspects of qual-
ity and participation, about problems and possibly about
Page 10 of 15
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reactions in training and organising the groups. Finances
are also covered. Most of the instructors and directors are
personally known to the interviewer. There is an emphasis
on taking care for a personal atmosphere with an interest
in honest and respectful talk, including problems and
possible solutions. "Desired" answers should be avoided.

The procedure is as follows: a letter announcing the tele-
phone call would be sent by paper mail. During the sec-
ond and third week after, the interview would be held. An
electronic record of the interview is thought to disturb the
open atmosphere. Hence, the interlocutors would be
asked to allow a second investigator to listen. If so, the
assisting interviewer takes notes of the interview on a pre-
pared scheme with all subjects and questions to be talked
of.

At the institutional and political-cultural level, an out-
come description is carried out after 12 and 24 months,
utilising

• media response (number and types of contribu-
tions),

• interest in the website and the offered newsletter
(access number and subscription rate),

• efforts to built the advisory council (number and
"status" of personalities approached, and of con-
firmed council members),

• disposition of the grant received and other resources
(booking and account data), and

• disposition of personnel costs (analysis of working
time).

Secondary outcome measures
Effect data are collected at four points in time, at the indi-
vidual level: just before each group would start and in
week 16, 32 and 48. Sensorimotor tests and care-related
assessments are selected by reference to everyday life. This
should result in high external validity and also increase
understanding and motivation of the participants. The
institutional documentation of care often seems to con-
tain information on orientation disorders which is not
correct or sufficient. Therefore, a screening of cognitive
competence by Mini-Mental Status Examination (MMSE)
has been included. Details on all tests are given in the fol-
lowing subsections (see also Mechling & Brach [48]).

Sensorimotor tests
• Grip strength. Using a hydraulic hand dynamometer
(Jamar, Sammons Preston Rolyan, IL), grip strength
indicates general strength [49]. The test person presses

the dynamometer with maximum effort. The best out
of three attempts with the preferential hand is used.

• Chair-Stand. Time is measured for the test person to
rise five times from a chair without using the arms. The
Chair-Stand-Test [50] is a reliable and feasible test
method with high prediction of fall hazards. It is used
in many epidemiological studies.

• Complex rotational flexibility. This measurement is a
combination between trunk and neck flexibility. A
specially built device is used [51]. The visual field is
wilfully implemented. The tested person has to turn
head and trunk as far as possible to look at sports pic-
tograms on a scale behind. Feet are fixed and arms are
to be held next to the thighs. The best out of three
attempts to either side counts.

• Shoulder flexibility. The test person moves the for-
ward-stretched arms upward and backward as far as
possible. Shoulder and hip need to touch the back
board of the specially built test apparatus [51]. Hold-
ing arms vertically above the shoulder joints yields a
value of zero. Arms in front of the zero point yield a
negative value. Arms behind the zero point yield a
positive value.

• Semi-Tandem-Stand. Participants should stand with
the heel of one foot beneath the big toe of the other
foot. This position should be held for 10 seconds with-
out any support. Thus decreased lateral balance con-
trol would become obvious. There are clear
correlations with falls [52].

• Soda Pop Test. Test of hand-eye coordination. The
participants have to turn three full soda pop cans
placed on a cardboard with their dominant hand.
After turning all cans, they have to be reversed the
opposite way around. Execution time is recorded in
seconds. Procedure and material were slightly modi-
fied from Hoeger & Hoeger [[53], pp. 186-187].

• Colour check test. This is also an instrument for hand-
eye coordination with a higher requirement profile.
The test has been adapted from Lemmink and co-
workers [54] to frail persons. Four different colours are
to be verified and a higher degree of movement accu-
racy is necessary. 16 coloured tokens (four yellow,
four red, four blue and four green) have to be sorted
from mixed rows into colour-sorted squares and vice
versa. Execution time is measured in seconds. Size and
weight of the tokens have been adapted to the grip
abilities of frail elderly.
Page 11 of 15
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Care related assessment
• Barthel Index. This interview-based disability scale
helps to evaluate the self-care ability of patients in ten
different areas [55], including feeding, bathing, dress-
ing, walking etc. The abilities are scored from 0 to 15
points per category, depending on the need for assist-
ance. More points mean less needed assistance. Maxi-
mum total score is one hundred. 30 or less points
mean absolute dependency on care.

• IADL. Instrumental Activities of Daily Living (IADL)
such as shopping, managing finances, housekeeping
and meal preparation etc. describe the functional abil-
ity of independent living for elderly persons [56]. Max-
imum score is eight points. Like Barthel-Index a low
score means reduction of independence.

• Mini-Mental-State-Examination. The Mini-Mental-
State-Examination MMSE was designed as a clinical
screening method for grading cognitive impairment
[57]. It includes items that assess orientation, registra-
tion, recall, attention, calculation, language and visual
and constructional tasks. Maximum score is 30 points.
A score of 24 or less points can be associated with
mental disorders.

• Individual well-being and expectations. A questionnaire
about current state, subjective feelings of health and
well-being, and the expectations upon the interven-
tion programme has been designed. It should also
reflect the individual emotional and psychological
aspects of the intervention. For all persons with an
MMSE score of 24 or less, the individual reference care
staff answers the questionnaire.

Data analyses and evaluation framework
In order to analyse the process and outcomes of the pro-
gramme, two conceptual frameworks shall be utilised.

For evaluation of the programme, the RE-AIM framework
[58,59] seems to be very helpful, especially when the pre-
requisites and tasks described above (section Aims,
approaches and strategies (Background)) are considered.
It consists of the dimensions Reach, Efficacy/effectiveness,
Adoption, Implementation and Maintenance, the initial let-
ters forming the acronym RE-AIM. Together they cover the
individual and the institutional level. While the effects
dimension is well-known, an outline on the other aspects
follows: reach refers to the proportion of the target group
reached and whether the participants represent the target
group, adoption deals with corresponding aspects at the
institutional level. Implementation describes how often
and in what quality the participating institutions deliver
the intended service to the target group. Finally, the main-
tenance aspect directly corresponds to one of the aims of

the project, dealing with long-time effects at both the indi-
vidual and institutional level. Data and parameters
named in the subsection Types and procedures of data
collection (Methods) will be interpreted in the sense of
the RE-AIM concept.

Another conceptual framework will be helpful in order to
prepare stage III of the project (see section Aims,
approaches and strategies (Background)): the programme
will be considered an innovation in the sense of innovation
and diffusion theory [60,61]. Three domains are discrim-
inated in this theory: invention, testing and dissemination.
Assigning costs spent on these domains can help to
improve and plan dissemination in stage III.

Consulting a management board and an ethics committee
A management board has been implemented, including
official institutions and project partners: the State Seniors'
Agency, and the State Sport Federation of North-Rhine
Westphalia. The management board has not only
approved before research started, but is consulted on a
regular basis (every four months) during the whole
project. For example, the preselection of regions, and the
final selection of model institutions are discussed in and
approved by the management board. The research to be
carried out is in compliance with the Helsinki Declara-
tion. The protocol has been fully approved by the German
Sports University Cologne Ethics Committee (Cologne,
Germany).

Preliminary results: establishing model institutions
In this section, the results of the selection process are
given. The steps are numbered according to the section
Recruitment, inclusion and exclusion at the institutional
and at the individual level (Methods), where the proce-
dure is described. For an overview, see figure 1.

Step 1. The State Seniors' Agency chose one area in each of
the five administrative districts of the state of North-Rhine
Westphalia. The result was that the project focussed on
three urban and two rural areas.

Step 2. For a complete official directory of geriatric care
institutions did not exist, address research on the Internet
and in telephone books had to be carried out. A total of
189 institutions were found, between 31 and 48 per area.
Reference persons were located and contacted by phone,
if possible.

They were presented the rationale of the project and asked
for participation. The questionnaire was addressed to the
reference person. A person in charge was found for 112
(51%) institutions. The other 77 questionnaires were sent
to a general address. For the inquiry happened to take
place in the summer vacation season, the response dead-
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line was prolonged and institutions without response
were remembered by a phone call.

Step 3. 81 (43%) forms were returned. Six additional
returns (3%) missed even the prolonged deadline and
could not be considered for reasons of project manage-
ment. Another six were excluded, because essential data
was missing. The remaining 75 forms were evaluated. 49
of them were excluded by the criteria given in the section
Recruitment, inclusion and exclusion at the institutional
and at the individual level (Methods):

- rate of educated nurses lower than 55% (35),

- less than 60 ambulating residents (10),

- no staff to guide participants to the training session
and back (1),

- no staff to take part in the project training (2), and

- not enough room for regular group exercise (1).

Step 4. The remaining 26 institutions were ranked on the
given data and the criteria of general conditions (see sub-
section Procedure of model development (Methods)).

Step 5. Visitations of the 15 candidates, three in each
preselected region, were arranged. The visitation included
talks of two team members with the director, the manag-
ing nurse, the manager of the allied health services, and
other key stakeholders. Valuable personal impression was
evaluated and a final set of potential models was recom-
mended, according to the given soft criteria (see subsec-
tion Procedure of model development (Methods)).

Step 6. A total of nine institutions was recommended for
the project. The selection was discussed with the manage-
ment board and was adopted concertedly. Details can be
found in [48].

Step 7. In the model institutions, a total of 775 residents
were eligible for participation in the exercise groups. 113
of them started the training. The average of 12.6 partici-
pants per group was higher than the recommended group
size of 8-12 persons. Despite the number of groups was
less than maximum (nine vs. ten), the number of individ-
uals was within the expected range. 39 additional persons
moved up, when places were left free. The 152 overall par-
ticipants were 11.8% male (mean age ± standard devia-
tion: 78.1 ± 11.2 years), 88.2% female (82.2 ± 11.2 years).

Discussion
We conceptualized a strength and balance programme for
very old persons endangered by, or actually in, need of

care. Using a multi-centre trial design with one year of
interventions at multiple levels, research on feasibility
and implementation is started in residential care institu-
tions.

A reason for this is an image seen not only in the public,
but - often implicitely - also in health care professionals
and decision-makers: residential geriatric care is seen as
the endpoint of an intervention continuum covering pre-
vention - acute care - rehabilitation - residential care, the
last section mostly being a terminus without return. This
image is also reflected in health care systems. Therefore,
preventive balance and strength training within residential
care may sound like an oxymoron to many ears. Conse-
quently, our scientific research in this topic uses a multi-
level approach: while literature shows evidence for train-
ing effects at the individual also in highest age, feasibility
and change management at the institutional level as well
as training and behaviour of the instructors should be
focus of further research.

Using "an approach of technological science" [11], the
trial described here should yield some evidence for imple-
mentation and maintenance of the new training pro-
gramme, and on the long run maybe some ideas for
system change management. First results show the feasi-
bilty of the programme, even for residents suffering from
severe orientation problems [62,63]. They even seem to
benefit to a similar extend [64], a hypothesis subject to
planned analyses and further studies.

While our own programme focusses on strength more
than on balance, Oddsson and colleagues recently pub-
lished a programme [65] which targets on balance exer-
cise. Similar to our programme, they attached importance
to training principles. Possibly, dependent on the target
group, a combination could be encouraged in the future.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
HM and MB were responsible for the identification of the
problem, fund-raising, planning and leading the project.
UN and FN are executive managers of the project. All four
contributed to and take full responsibility of the paper.
Applying the co-authorship scoring system published by
R. Hunt (Trying an authorship index. Nature 1991,
352(352):187), HM scored highest in the intellectual cat-
egory (planning, designing, interpreting), MB in the spe-
cialist category (input from related fields), and UN and
FN in the practical category (data-capture, data process-
ing, organising). Again, all four scored in each category.
Page 13 of 15
(page number not for citation purposes)



BMC Geriatrics 2009, 9:51 http://www.biomedcentral.com/1471-2318/9/51
Acknowledgements
This study was externally funded by grants of the Ministry of Work, Health 
and Social Affairs of the state North-Rhine Westphalia, Germany, grant no. 
64-V42A-2534 (01/06/05 - 31/05/07) and 24-64-V42A-2947 (01/06/07 - 29/
02/08). The authors wish to thank their colleagues Jutta Brinkmann-Hurtig, 
Michaela Meier, and Michael Csöff for their assistance in the project, includ-
ing the collection of data, and Ulrike Kraus for her outstanding support with 
implementation of the training groups and education of the instructors. Edi-
torial, proof-reading and English language assistance for this manuscript 
came from Katharina Gangel, Tobias Morat, Ulrike Müller, Sven Lünzer, and 
Friederike Rosenfeld, expert advice from Peter Preuss.

The project owes a lot to the partnership with the State Seniors' Agency of 
North-Rhine Westphalia, Münster, Germany [German: Landesseniorenver-
tretung] and the State Sport Federation of North-Rhine Westphalia, Duis-
burg, Germany [Landessportbund]. Much ideational and personal support 
was given by Anke Borhof, Dr Uta Renn, and Wilhelm Krümpelmann. Dr 
Renn passed away in December 2008. Last but not least, we thank each par-
ticipating institution and individual. All of them were ready for a new chal-
lenge and experience.

References
1. Lehr U: Psychologie des Alterns 10th edition. Wiebelsheim: Quelle &

Meyer Verlag; 2003. 
2. Baltes B, Mittelstraß JP: Zukunft des Alterns und gesellschaftliche Entwick-

lung Berlin, New York: Walter de Gruyter; 1992. 
3. Sagiv M: The role of physical activity in the elderly as primary

prevention.  European Review of Aging and Physical Activity 2007,
4(2):59-60.

4. Schneekloth U, von Törne I: Entwicklungstrends in der sta-
tionären Versorgung - Ergebnisse der Infratest-Repräsenta-
tiverhebung.  Möglichkeiten und Grenzen selbständiger Lebensführung
sowie Beispielen für "Good Practice" in stationären Einrichtungen (MuG IV)
- Demenz, Angehörige und Freiwillige, Versorgungssituation. Forschungspro-
jekt im Auftrag des Bundesministeriums für Familie, Senioren, Frauen und
Jugend. Integrierter Abschlussbericht 2007:53-168.

5. Roth G: Dilemmata der Altenpflege: Die Logik eines
prekären sozialen Feldes.  Berliner Journal für Soziologie 2007,
17:77-96.

6. McLeroy KR, Bibeau D, Steckler A, Glanz K: An ecological per-
spective on health promotion programs.  Health Educ Q 1988,
15(4):351-377.

7. McLeroy KR, Steckler AB, Simons-Morton B, Goodman RM, Gottlieb
N, Burdine JN: Social socience theory in health education:
time for a new model?  Health Educ Res 1993, 8(3):305-313.

8. Richard L, Potvin L, Kishchuk N, Prlic H, Green LW: Assessment of
the integration of the ecological approach in health promo-
tion programs.  Am J Health Promot 1996, 10(4):318-328.

9. Richard L, Gauvin L, Gosselin C, Ducharme F, Sapinski JP, Trudel M:
Integrating the ecological approach in health promotion for
older adults: a survey of programs aimed at elder abuse pre-
vention, falls prevention, and appropriate medication use.
Int J Public Health 2008, 53:46-56.

10. Fuchs R: Sport, Gesundheit und Public Health [Sports, Health and Public
Health], of Sportpsychologie Volume 1. Göttingen: Hogrefe; 2003. 

11. Brach M: Research on exercise programs--an approach of
technological science.  European Review of Aging and Physical Activity
2009 [http://www.springerlink.com/content/d212587087212653/full
text.pdf]. Published online first

12. Province MA, Hadley EC, Hornbrook MC, Lipsitz LA, Miller JP, Mul-
row CD, Ory MG, Sattin RW, Tinetti ME, Wolf SL: The effects of
exercise on falls in elderly patients: A preplanned meta- anal-
ysis of the FICSIT trials.  Journal of the American Medical Association
1995, 273(17):1341-1347.

13. Brill PA, Probst JC, Greenhouse DL, Schell B, Macera CA: Clinical
feasibility of a free-weight strength-training program for
older adults.  J Am Board Fam Pract 1998, 11(6):445-451.

14. Gill MT, Baker ID, Gottschalk M, Gahbauer AE, Charpentier AP, Regt
TP, Wallace JS: A prehabilitation program for physically frail
community-living older persons.  Archives of physical medicine and
rehabilitation 2003, 84(3):394-404.

15. Hruda VK, Hicks LA, McCartney N: Training for muscle power in
older adults: effects on functional abilities.  Canadian Journal of
Applied Physiology 2003, 28(2):178-189.

16. Liesen H, Heikkinen E, Suominen H, D M: Der Effekt eines
12wöchigen Ausdauertrainings auf die Leistungsfähigkeit
und den Muskelstoffwechsel bei untrainierten Männern des
6. und 7. Lebensjahrzehnts.  Sportarzt und Sportmedizin 1975,
2(2):26-30.

17. Delorme LT: Restoration of muscle power by heavy-resistance
exercises.  Journal of Bone and Joint Surgery, American volume 1945,
27(27):645-667.

18. Fiatarone AM, Marks CE, Ryan DN, Meredith NC, Lipsitz AL, Evans
JW: High-intensity strength training in nonagenarians.
Effects on skeletal muscle: Krafttraining von hoher Intensi-
taet bei Ueber-90jaehrigen. Auswirkungen auf die Skel-
ettmuskulatur.  Journal of the American Medical Association 1990,
263(22):3029-3034.

19. Sullivan DH, Wall PT, Bariola JR, Bopp MM, Frost YM: Progressive
resistance muscle strength training of hospitalized frail eld-
erly.  American journal of physical medicine & rehabilitation 2001,
80(7):503-509.

20. Fleck SJ, Kraemer WJ: Designing resistance training programs. Human
Kinetics 3rd edition. 2004.

21. Toigo M, Boutellier U: New fundamental resistance exercise
determinants of molecular and cellular muscle adaptations.
Eur J Appl Physiol 2006, 97(6):643-663.

22. Binder FE, Schechtman BK, Ehsani AA, Steger-May K, Brown M, Sina-
core RD, Yarasheski EK, Holloszy OJ: Effects of exercise training
on frailty in community-dwelling older adults: results of a
randomized, controlled trial.  Journal of the American Geriatrics
Society 2002, 50(12):1921-1928.

23. Campbell AJ, Robertson MC, Gardner MM, Norton RN, Buchner
DM: Falls prevention over 2 years: a randomized controlled
trial in women 80 years and older.  Age Ageing 1999,
28(6):513-518.

24. Hess AJ, Woollacott M: Effect of high-intensity strength-train-
ing on functional measures of balance ability in balance-
impaired older adults.  Journal of Manipulative and Physiological Ther-
apeutics 2005, 28(8):582-590.

25. Schlicht J, Camaione ND, Owen VS: Effect of Intense Strength
Training on Standing Balance, Walking Speed, and Sit-to-
Stand Performance in Older Adults.  Journals of Gerontology -
Series A Biological Sciences and Medical Sciences 2001, 56
A(5):M281-M286.

26. Boshuizen CH, Stemmerik L, Westhoff HM, Hopman-Rock M: The
effects of physical therapists' guidance on improvement in a
strength-training program for the frail elderly.  Journal of Aging
and Physical Activity 2005, 13:5-22.

27. Fiatarone Singh AM, Ding W, Manfredi JT, Solares SG, O'Neill FE, Cle-
ments MK, Ryan DN, Kehayias JJ, Fielding AR, Evans JW: Insulin-like
growth factor I in skeletal muscle after weight-lifting exer-
cise in frail elders.  American Journal of Physiology 1999, 277(1 Pt
1):E135-43.

28. Jensen J, Lundin-Olsson L, Nyberg L, Gustafson Y: Fall and injury
prevention in older people living in residential care facilities.
A cluster randomized trial.  Ann Intern Med 2002,
136(10):733-741.

29. LaStayo CP, Ewy AG, Pierotti DD, Johns KR, Lindstedt S: The posi-
tive effects of negative work: increased muscle strength and
decreased fall risk in a frail elderly population.  Journals of Ger-
ontology - Series A Biological Sciences and Medical Sciences 2003,
58(5):M419-24.

30. McCool JF, Schneider JK: Home-based leg strengthening for
older adults initiated through private practice.  Prev Med 1999,
28(2):105-110.

31. Seynnes O, Fiatarone Singh AM, Hue O, Pras P, Legros P, Bernard LP:
Physiological and functional responses to low-moderate ver-
sus high-intensity progressive resistance training in frail
elders.  Journals of Gerontology - Series A Biological Sciences and Medical
Sciences 2004, 59(5):503-509.

32. Landi F, Russo A, Bernabei R: Physical activity and behavior in
the elderly: a pilot study.  Arch Gerontol Geriatr Suppl 2004,
38(9):235-241.

33. Evans WJ: Effects of exercise on body composition and func-
tional capacity of the elderly.  Journals of Gerontology - Series A Bio-
logical Sciences and Medical Sciences 1995, 50(Spec No):147-150.
Page 14 of 15
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3068205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3068205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10159711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10159711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10159711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18522369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18522369
http://www.springerlink.com/content/d212587087212653/fulltext.pdf
http://www.springerlink.com/content/d212587087212653/fulltext.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7715058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7715058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7715058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9875999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9875999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9875999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12638108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12638108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12825328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12825328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2342214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2342214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2342214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16845551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16845551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10604501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10604501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16226626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16226626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16226626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15677832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15677832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15677832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10409137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10409137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10409137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12020141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12020141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12020141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10048101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10048101


BMC Geriatrics 2009, 9:51 http://www.biomedcentral.com/1471-2318/9/51
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

34. Timonen L, Rantanen T, Timonen ET, Sulkava R: Effects of a group-
based exercise program on the mood state of frail older
women after discharge from hospital.  International journal of ger-
iatric psychiatry 2002, 17(12):1106-1111.

35. Hinrichs T, Bucchi C, Brach M, Wilm S, Endres HG, Burghaus I,
Trampisch HJ, Platen P: Feasibility of a multidimensional home-
based exercise programme for the elderly with structured
support given by the general practitioner's surgery: study
protocol of a single arm trial preparing an RCT
[ISRCTN58562962].  BMC Geriatr 2009, 9:37.

36. Becker C, Kron M, Lindemann U, Sturm E, Eichner B, Walter-Jung B,
Nikolaus T: Effectiveness of a multifaceted intervention on
falls in nursing home residents.  Journal of the American Geriatrics
Society 2003, 51(3):306-313.

37. Nikolaus T: Einfluss körperlicher Aktivität auf funktionelle
Fähigkeiten.; Effect of physical activity on functional per-
formance.  Zeitschrift für Gerontologie und Geriatrie 2001, 34:44-47.

38. Lindemann U: Verbesserung der Mobilität und Sturzpräven-
tion bei Pflegeheimbewohnern.  In Sport und Gesundheit in der
Lebensspanne, of Schriften der Deutschen Vereinigung für Sportwissen-
schaft Volume 174. Edited by: Knoll M, Woll A. Hamburg: Czwalina
Verlag; 2008:412-414. 

39. Icks A, Becker C, Kunstmann W: Sturzprävention bei Senioren:
Eine interdisziplinäre Aufgabe.  Deutsches Ärzteblatt 2005,
102(31-32):A2150-A2152.

40. Möllenhoff H: Entwicklung und Evaluation eines Muskelkräfti-
gungsprogramms für Hochbetagte: PATRAS (Paderborner
Trainingsprogramm für Senioren) [Development and Evalu-
ation of a muscular strength programme for the very old:
PATRAS (Paderborn training programme for seniors].  In
Doctoral dissertation Universität Paderborn, Fakultät für Naturwissen-
schaften, Department Sport und Gesundheit; 2005. 

41. Möllenhoff H, Weiß M, Heseker H: Muskelkräftigung für Senioren. Ein
Trainingsprogramm zum Erhalt und zur Verbesserung der Mobilität Ham-
burg: Behr's Verlag; 2005. 

42. Tittlbach S, Henken T, Lautersack S, Bös K: Ein psychomotor-
isches Trainingsprogramm mit Bewohnern eines
Altenpflegeheims.  In Sport in Europa. 17. Sportwissenschaftlicher
Hochschultag der Deutschen Vereinigung für Sportwissenschaft Edited by:
Würth S, Panzer S, Krug J, Alfermann D. Hamburg: Czwalina Verlag;
2005:158. 

43. Schumann-Schmid B, Dittmar M: Bewegte Alten- und Pflegehe-
ime - Erste Ergebnisse aus dem Mainzer Modellprojekt,
gefördert von der Wilhelm-Woort-Stiftung.  In Sport in Europa.
17. Sportwissenschaftlicher Hochschultag der Deutschen Vereinigung für
Sportwissenschaft Edited by: Würth S, Panzer S, Krug J, Alfermann D.
Hamburg: Czwalina Verlag; 2005:157. 

44. Borg G: Borg's perceived exertion and pain scales Champaign, Ill.: Human
Kinetics; 1998. 

45. Löllgen H: Standards der Sportmedizin. Borg-Skala.  Deutsche
Zeitschrift für Sportmedizin 2004, 11:299-300.

46. Landesamt für Datenverarbeitung und Statistik Nordrhein-Westfalen
(Ed): Statistische Berichte - Bevölkerung in Nordrhein-Westfalen 2007
nach Alter und Geschlecht: Ergebnisse auf Grundlage der Volkszählung vom
25.5.198. Düsseldorf 2008.

47. Information und Technik Nordrhein-Westfalen, Geschäftsbereich
Statistik (Ed): Statistische Berichte -Pflegeeinrichtungen am 15. Dezember
2007 sowie Empfängerinnen und Empfänger von Pflegedienstleistungen
am 31. Dezember 2007 in Nordrhein-Westfalen Düsseldorf: Information
und Technik NRW; 2009. 

48. Mechling H, Brach M: Förderung der Mobilität und der Selbstständigkeit
für Hochaltrige. Praxisleitfaden zur Einrichtung von Bewegungsangeboten
für alle Bereiche der Altenhilfe [Fit for 100--improvement of mobility and
independence in highly aged people. An orientation for the implementation
of physical activity in all types of geriatric services] Köln: Deutsche
Sporthochschule Köln; 2007. 

49. Mathiowetz V, Kashman N, Vollan G, Weber K, Dowe M, Rogers S:
Grip and pinch strength: Normative data for adults.  Archives
of Physical Medicine and Rehabilitation 1985, 66:69-74.

50. Rikli RE, Jones CJ: Senior fitness test manual Human Kinetics, Cham-
paign, IL (USA); 2001. 

51. Meier M: Beweglichkeit im Alter.  In Master's thesis Institute of
Sport Science and Sport, University Bonn, Germany; 2004. 

52. Runge M, Wahl JH: Ambulantes Geriatrisches Assessment Steinkopf,
Darmstadt; 1996. 

53. Hoeger WWK, Hoeger SA: Principles and labs for fitness and wellness
7th edition. Belmont, CA: Belmont, CA: Wadsworth/Thomson
Learning; 2004. 

54. Lemmink KAPM: The Groningen Fitness Test for the Elderly: Field based
motor fitness assessment for adults over 55 years University of Gronin-
gen, Groningen; 1994. 

55. Mahoney FI, Barthel DW: Functional evaluation. The Barthel
Index.  Maryland State Medical Journal 1965, 14(2):61-65.

56. Lawton MP, Brody EM: Assessment of older people: Self-main-
taining and Instrumental Activities of Daily Living.  The Geron-
tologist 1969, 9:179-186.

57. Folstein MF, Folstein SE, McHugh PR: "Mini-Mental-State": a
practical method for grading the cognitive state of patients
for the clinician.  Journal of Psychiatric Research 1975, 12:189-198.

58. Dzewaltowski DA, Glasgow RE, Klesges LM, Estabrooks PA, Brock E:
RE-AIM: evidence-based standards and a Web resource to
improve translation of research into practice.  Ann Behav Med
2004, 28(2):75-80.

59. Glasgow RE, Vogt TM, Boles SM: Evaluating the public health
impact of health promotion interventions: the RE-AIM
framework.  Am J Public Health 1999, 89(9):1322-1327.

60. Rogers EM: Diffusion of innovations 4th edition. New York: The Free
Press; 1995. 

61. Mohr HW: Bestimmungsgründe für die Vorbereitung von neuen Technolo-
gien Berlin: Dunker & Humbolt; 1997. 

62. Brach M, Nieder F, Mechling H: Fit for 100 - Promoting exercise
in nursing care institutions in Germany.  European Journal of Pub-
lic Health 16(Supplement 1):42.

63. Brach M, Meier M, Nieder F, Mechling H: Training in residential
geriatric care - first results of a multicenter evaluation.  In
Physical Activity And Successful Aging. Xth International EGREPA Confer-
ence, 14th-16th September, 2006, Cologne; Book of Abstracts Edited by:
Brach M, Mechling H, Eichberg S, Preuss P. Cologne: German Medical
Science; 2006:100. 

64. Mechling H: Dementia and physical activity.  European Review of
Aging and Physical Activity 2008, 5:1-3.

65. Oddsson LIE, Boissy P, Melzer I: How to improve gait and bal-
ance function in elderly individuals -compliance with princi-
ples of training.  European Review of Aging and Physical Activity 2007,
4:15-23.

66. Nieder F, Nieder U, Brinkmann-Hurtig J, Mechling H: Handbuch "fit
für 100": Schulungsunterlagen. Übungskatalog [Manual "fit
for 100": instruction material].  In Unpublizierter Übungskatalog für
die instruktorenausbildung [unpublished exercise catalogue used in instruc-
tors' training] German Sport University Cologne, Cologne; 2005. 

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2318/9/51/prepub
Page 15 of 15
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12461758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12461758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12461758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19686587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19686587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19686587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12588573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12588573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3970660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3970660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14258950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14258950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5349366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5349366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1202204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1202204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1202204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15454353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15454353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15454353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10474547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10474547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10474547
http://www.biomedcentral.com/1471-2318/9/51/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Conclusion
	Trial registration

	Background
	Problem analysis and conceptual framework
	Aims, approaches and strategies of the over-all programme
	Literature on exercise with frail and highly-aged subjects
	Training effects in high age
	Training configuration: frequency and intensity
	Training organisation: social forms and guidance
	Training implementation: example programmes from targeted settings

	Development of the new exercise programme
	Overview and principles
	Exercises
	Target group orientation and staff


	Methods
	Overview: Conception and design of the study
	Recruitment, inclusion and exclusion at the institutional and at the individual level
	Procedure of model development
	Recruiting subjects for training groups

	Interventions
	Individual level: exercises and social contact
	Institutional level: Sustainable implementation of training groups
	Political-cultural level: convincing professionals, administration and the public

	Types and procedures of data collection
	Primary outcome measures
	Secondary outcome measures

	Sensorimotor tests
	Care related assessment
	Data analyses and evaluation framework
	Consulting a management board and an ethics committee
	Preliminary results: establishing model institutions

	Discussion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

