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Outline of the introduction
Sufficient physical fitness and physical activity are important for good health, general
well-being, participation, and quality of life.1 However, for persons with (severe or
profound) intellectual and visual disabilities (SP)IVD), sufficient exercise is not selfevident due to the combination of these limitations. This may reduce their ability to
perform activities of daily living (ADL) and increase the risk of developing health
problems. Therefore, it is important to gain insight into the level of the physical fitness of
these persons. However, measuring physical fitness in persons with intellectual
disabilities (ID) and, in particular, in persons with (SP)IVD is problematic due to their
limited cognitive abilities, visual impairment, motor skills, and comorbidities; fitness tests
that are developed for the general population cannot easily be applied to persons with ID
or (SP)IVD. Therefore, the first steps have been taken to measure and map physical
fitness of persons with SPIVD.2
This introduction describes the characteristics of persons with SPIVD and their visual
impairment as well as their locomotor skills. Furthermore, the conditions for and the
actual ADL-performance and participation as well as aging and frailty in persons with
(SP)IVD are displayed. Finally, the outline of the thesis is presented.
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Intellectual Disabilities
In general, an individual’s intellectual level affects
adaptive behavior.3 This is expressed in conceptual,
social, and practical skills as well as in the ability to make
self-determined choices.3 Individuals with an Intelligence
Quotient (IQ) below 70 are defined as having a form of
intellectual disability (ID).4 Four levels of ID are
distinguished: mild, moderate, severe, and profound.5
These levels with the corresponding IQ and intellectual
age are displayed in Box 1. Persons with ID have
significant limitations regarding conceptual, social, and
practical skills.3 The consequence may be that many
opportunities that are available for the general population
to participate in are not available for persons with ID.3
Especially persons with severe and profound ID require
continuous support; are severely limited in self-care,
continence, communication and mobility; and generally
live in intramural institutions.6,7 According to the World
Health Organization (WHO), approximately 1% of the
European population has an ID.4 The prevalence of
moderate to profound ID is almost 0.3-0.4% of the
general population;8 this percentage is increasing
probably due to the increasing life expectancy.9,10

Visual Impairments
Visual ability is important for eye-hand coordination,
neuromuscular function, and locomotor skills. These are
essential for daily functioning.11-13 In individuals with ID,
the prevalence of visual impairment and blindness is
considerably higher compared to the general
population.14 The severity of visual impairments is related
to the severity of ID.14 That is, the prevalence of visual
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impairments in persons with severe or profound ID is 92%.15 Therefore, persons with both
visual impairment and intellectual disabilities are particularly at risk for experiencing
limitations regarding ADL-functioning.13 The classification of visual impairment is further
specified by visual acuity, field of view, and light perception.5 Most definitions are based
on both visual acuity and visual field.10 A visual acuity of 0.1 (6/60) means the ability to
see objects is at a six meter distance whereas a normal eye can see at a 60 meter
distance. Normal vision is described as 1 (6/6) and a normal visual field is 160°-170°
degrees horizontally. If the visual field is less than 30° around the central vision, it
usually leads to significant limitations in visual functioning.8,10 Visual impairment is
defined as a visual acuity between 0.05 (3/60) and 0.3 (6/18) in the best eye with
available correction such as a lens or glasses and/or a field of view less than 30 ° but
more than 10° around the central axis.5 Blindness is defined as visual acuity less than
0.05 (3/60) in the best eye after correction with a lens or glasses and/or a field of view of
10° or less around the central axis.5 If the visual acuity is good, there may still be a
(severe) limitation in the field of vision (e.g., tunnel vision). A field of view less than 10% is
classified as (social) blindness. Rehabilitation or specialized care is indicated if there is a
request for help and the visual acuity (best corrected) is <0.3 (6/18) (<0.25) or with a
visual field of less than 30 degrees.8,10 Box 1 displays the generally used classifications
of visual impairments.4 The estimated number of adults with SPIVD in the Netherlands
varies between 10,000 and 15,000 which corresponds to approximately 0.05-0.08% of
the Dutch population.10 These adults have an IQ of less than 35 and visual acuity of less
than 0.3 (6/18).16

Motor Skills
Individuals with SPIVD often have limited motor skills, and approximately 65% of this
group has locomotor disabilities.2 To gain insight into the locomotor skills of persons with
SPIVD, the Gross Motor Function Classification System (GMFCS) is generally used.17,18
The GMFCS is a five-level system that classifies the severity of motor disabilities in
persons with intellectual and physical disabilities.17,18 Persons classified at Level 1 can
generally walk without restrictions but tend to have limitations in more advanced motor
skills such as running and jumping. Persons with a Level 2 classification can walk with
slight restrictions and do not spontaneously increase their speed during walking. They
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have limitations while walking in their daily living environment and outdoors. Persons with
GMFCS Level 3 can walk with the help of walking devices but are limited in walking in
their living environment and outdoors. Those with GMFCS Level 4 are able to propel
themselves with limitations but must be transported outdoors or in the living
environment. To be able to continue independently, an electric wheelchair may be used.
Finally, for persons classified at Level 5, propulsion is seriously impeded despite the use
of resources.18,19 The GMFCS levels and the corresponding limitations are depicted in Box
1. This thesis is primarily focused on persons with SPIVD who are classified at GMFCS
Levels 1 or 2, thus persons who are able to walk without devices.

Conditions for ADL-performance and Participation
Important conditions for performing daily activities are muscle strength, muscle
endurance, flexibility, cardiorespiratory fitness, and body composition.20 Individuals with
low abilities for these are at risk for developing medical problems, chronic diseases, and
all-cause mortality.1,20-22 For persons with SPIVD and GMFCS Level 1 and those with Level
2, the recommended components for measuring physical fitness are body composition,
cardiorespiratory fitness, muscle strength, and balance.2 It was ascertained that older
adults with ID have poor balance, muscle strength, and endurance as well as slow gait
speed.23,24 Persons with visual impairments generally have decreased balance.11,25 This
also applies to individuals with ID who exhibit decreased balance during both standing
and walking26 and consequently have an increased risk factor for falling.27-32 Especially
ambulatory living persons with ID are more at risk of falling,29,33 which manifests primarily
during walking.34,35 For individuals with ID, fall incidents occur more indoors in a familiar
environment than outdoors.36 Poor mobility28,37 and inactivity are associated with a
higher risk for falling38 as well as (among others) decreased balance,37 low gait speed,39
intellectual disabilities, visual impairments, polypharmacy,27,28,40 decreased ADL
functioning,28 decreased muscle strength, and endurance.37 As with older adults whereby
fall incidents are a significant cause of morbidity and mortality,41 individuals with ID have
a high incidence of falls and fall-related injuries,29-32 and the degree of hospitalization
due to an injury that is mostly caused by falls is twice as high compared to the general
population.32
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It is important to identify persons who are particularly at risk for falls in order to be able to
develop and implement interventions designed to improve balance and to decrease fall
risk. To assess balance and risk for falling, the Berg Balance Scale (BBS) is an applicable
instrument for the general population as well as for adults with ID.42-44 However, for
individuals with SPIVD, the BBS was not feasible because a number of tasks appears to
be too difficult to execute.45 Therefore, the BBS was recently adapted into the modified
Berg Balance Scale (mBBS).45 For individuals with severe intellectual and visual
disabilities (SIVD), the mBBS appeared to be a feasible and reliable measurement
method.45 However, since it is adapted specifically for persons with SIVD, it is not
possible to compare outcomes with other populations.45 Furthermore, the concurrent
validity and the predictive validity of the mBBS in individuals with ID and visual
impairment has not yet been established.
Gait speed is a predictor of locomotor disabilities, ADL functioning, falls, health-related
institutionalization, and hospitalization for older adults in general.39 According to the
‘Health, Aging and Body composition study’ (Health ABC), individuals with a gait speed
lower than one meter per second have low gait speed.39 The speed of one meter per
second is determined as the cut-off point for predicting short-term mortality.39 Balance,
gait speed, and muscle strength can be improved with an intervention program for
individuals with ID, which also decreases fall rate and fall related injuries.46,47
For ambulatory activities such as rising from a chair, walking at an appropriate speed,
and climbing stairs, a sufficient leg strength is needed.48 Loss of muscle strength
influences these activities in daily living (ADL)49 and health-related quality of life.50
Moreover, weakness of the Quadriceps muscles is a predictor of mortality51 as it is one of
the first muscles that degenerates due to inactivity.52 Individuals with ID have less
muscle strength compared to persons without ID.53 Being less physically active appears
to be one of the most important factors for lower voluntary activation levels in persons
with ID.54 Their lower muscle strength seems to be related to a central nervous system
failure to activate motor units and to some abnormal intrinsic muscle properties.54
Therefore, it is expected that individuals with SPIVD have less muscle strength as well.
From previous studies, it is known that persons with SPIVD have low physical fitness
levels, such as cardiorespiratory fitness, compared to persons with ID,2,23 however, until
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now, it was not possible to actually measure the muscle strength of persons with SPIVD
because a feasible and reliable measurement instrument for this is not available.
Improvement of muscle strength is related to positive changes in functional activities for
adults with Down Syndrome47,55 and in work-related skills of individuals with intellectual
disabilities.58 For persons with ID and Down Syndrome, positive effects on physical
fitness have been achieved with exercise programs.57,58 In addition, improvement of
muscle strength and endurance can be achieved with progressive resistance training in
individuals with Down Syndrome.59-61 However, until now, it is unknown whether such
exercise programs aimed at improving muscle strength are applicable for individuals with
SPIVD.
Individuals with ID have additional comorbidities twice as often compared to the general
population62 and are of increased risk of getting health problems such as diabetes, high
blood pressure, low physical fitness, and obesity.63 These increased health risks are
partly due to a lack of physical activity.63 Both physical inactivity and increased BMI are
risk factors for the onset of cardiovascular diseases.64 In addition, waist circumference as
an indicator of abdominal fat is also an important predictor of cardio-vascular health
risks65 and type 2 diabetes.66,67 Furthermore, a higher BMI is related to reduced balance
and postural stability.68 Low cardiorespiratory fitness is an important risk factor for
cardiovascular diseases and mortality.69,70 Due to chronotropic incompetence and
physical inactivity, persons with ID have low cardiorespiratory fitness levels.71 These lower
levels begin at a young age and decrease further due to the process of aging.71 Another
determining factor for low cardiorespiratory fitness levels in persons with ID is the muscle
strength of the lower limbs.72 Individuals with ID have low physical fitness levels over their
lifetime,22,23,73,74 and persons with severe or profound ID both with or without a visual
disability have even lower physical fitness levels.23,75,76 Their degree of dependency
increases with older age.77

ADL-performance and Participation
Participation in society is an important aspect of the quality of life.3 It is defined as
‘involvement in a life situation’4,78 in which a higher degree of participation is related to a
contributory attitude of the social environment.79 Persons with severe ID are at risk of
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Chapter 1
impaired participation.80,81 The WHO International Classification of Functioning, Disability
and Health (ICF) describes the relation between body functions and structures as well as
activities and participation.4 The ICF-framework for individuals with SPIVD with GMFCS
Levels 1, 2, and 3 is specified in Figure 1. According to the framework, intellectual level,
visual ability, and physical fitness components such as balance, strength,
cardiorespiratory fitness, and body composition belong to ‘body functions and structures’.
These components are conditional for ‘activities’ such as understanding, visual
functioning, transfers, standing, walking, stand-up, climbing stairs, and cycling which
subsequently influence the degree of participation in self-care, work, daily activities,
leisure activities, sports, family, and social functioning.

Figure 1. ICF Framework specified for individuals with SPIVD with GMFCS levels 1,2, and
3.
Due to the combination of ID severity, visual impairment, and limitations of motor skills,
persons with SPIVD are limited in undertaking daily activities such as living skills,
14
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communication, initiative, and social skills.13 Because of their need for support, self-care
has a social context for persons with SPIVD, and therefore, this belongs to ‘participation’
82

rather than to ‘activities’ which is more common for the general population. For this

reason, self-care and daily activities are categorized under the heading ‘participation’ in
Figure 1 where active engagement and involvement in daily activities is considered an
important aspect of participation for persons with SPIVD.82 Furthermore, for this
population, the interdependencies between several concepts1,3 were integrated into an
adapted model, as shown in Figure 2.2 In this Figure, I refers to the concept of Schalock
regarding the quality of life of persons with ID,3 and III refers to the concept of Bouchard
concerning the relation between physical fitness, physical activity, and health.1
Specifically, the mutual relation of the concepts quality of life, participation, physical wellbeing, physical fitness, physical activity, and health are expressed in this figure.2 The
dotted arrows, however, indicate that the direct relation between physical activity /
physical fitness and participation in persons with SPIVD is currently unknown.2

Figure 2. Integration of models and concepts of I: Schalock3 and III: Bouchard,1
expressing participation, quality of life, physical well-being, physical activity, physical
fitness, and health.2

15
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The ability to perform ADL is an operationalization of daily functioning for the general
population83,84 as well as for persons with ID.77 ADL-functioning influences the required
level of care and independence as well as the quality of life.85 For persons with ID, the
degree of dependence is greater in addition to their often-reduced motor skills and
mobility.77 Moreover, ADL-performance is important as a predictor for hospitalization and
mortality.86,87 To measure the ability to perform ADL, the Barthel Index (BI)83 is a
generally accepted instrument also for persons with ID.77,88 In addition, comfortable
walking speed (CWS) is considered to be a reflection of the ability to perform ADL.⁷⁷ Due
to several combinations of disabilities, it is reasonable to expect that ADL-functioning and
participation of persons with SPIVD is decreased compared to persons with ID without
visual impairment. However, until now, no knowledge is available concerning the impact
of visual impairment on ADL performance of persons with ID.

Aging and Frailty
The proportion of aging individuals with ID is increasing steadily within the population with
ID. Furthermore, the life expectancy of persons with ID is increasing and is approaching
that of the general population89,90 which is the result of improved quality of residential
and health care.89,91 Although individuals with ID reach a higher age, it has long been a
common understanding to classify them as “old” after 50 years of age due to the early
onset of functional decline.92-94 Also, frailty appears to be more prevalent and more
severe in relatively young individuals with ID compared to the general population94 which
may affect the quality of life with aging. In the context of healthy aging, it is important to
obtain suitable and feasible measuring instruments to measure these domains
throughout the years in individuals with SPIVD. However, no data are available for these
persons about trends in time with regard to aging and whether early signs of aging also
apply to this group.

Content of the thesis and research questions
This thesis aims to obtain further insight into the validity and predictive value of the
modified Berg Balance Scale (mBBS) and the feasibility and reliability of muscle strength
measurements in order to measure balance and muscle strength and to improve or
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maintain physical fitness and ADL-functioning in persons with SPIVD. With these
measurement instruments, risk groups can be identified, physical fitness as the basis for
ADL-functioning can be mapped, the level of required care can be determined, and
intervention programs aimed at optimizing muscle function as conditions for ADLfunctioning and participation can be developed, implemented, and evaluated.
ADL-functioning and participation influence the quality of life3,85 in which ADL
performance is an important measure for the required level of care of persons with
SPIVD.85 Therefore, it is important that the influence of a visual impairment on the ability
to perform ADL is investigated. The impact and the degree of ADL-functioning of
additional visual impairment on persons with severe or profound intellectual disabilities is
examined in Chapter 2.
The modified Berg Balance Scale (mBBS) has been proven to be feasible and reliable for
individuals with SIVD.45 However, the validity of the mBBS is currently unknown.45 It is of
interest to examine the validity of the mBBS for persons with SIVD as both persons with
ID and those with visual impairment exhibit decreased balance.11,25,26 Moreover, for
persons with ID, these visual deficits are identified as a potential risk factor for falling.31
Therefore, it is important to investigate the concurrent criterion as well as predictive
validity of the mBBS in individuals with SIVD in order to gain additional insight into the
relationship between balance, mobility, ADL performance, and prevalence of falls in
persons with SIVD (Chapter 3).
Due to improved care, life expectancy increases for individuals with ID.89,95 To gain insight
into the process of aging in individuals with SPIVD with respect to physical fitness, it is
necessary to monitor their physical fitness during aging. By measuring individuals with
SPIVD over a period of several years with regard to body composition and physical fitness
levels, insight can be gained into their physical fitness during aging (Chapter 4).
Muscle strength contributes to mobility which more generally affects quality of life96
whereas the strength of the lower limbs is more specifically important for ambulatory
activities.48 Loss of muscle strength may lead to a decrease in daily activities49 and worse
health-related quality of life.50,97 Furthermore, Quadriceps weakness is a predictor of
mortality51 since it is among the first muscles to degenerate due to inactivity.52 Persons
with ID have low muscle strength, in particular of the m. Quadriceps,98-100 and it is
reasonable to expect that individuals with SPIVD also experience this. However, it is
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unclear whether current measurement instruments are applicable for this group.
Therefore, it is important to obtain a feasible and reliable measurement instrument for
Quadriceps strength in persons with SPIVD (Chapter 5).
Improvement in muscle strength has been positively associated with changes in
functional activities in adults with Down Syndrome47,55 and in work-related skills in
persons with ID.56 A threshold for Quadriceps strength concerning common tasks in daily
life was determined101 in which higher force production is associated with better
functional performance in the general population102,103 as well as in persons with ID.53,104
Therefore, it is important to investigate the possibilities of improving Quadriceps strength
in individuals with SPIVD. Progressive resistance training (PRT) was found to be safe to
apply to persons with a range of health conditions and disabilities.105 Several studies
found that PRT can improve upper-limb and lower limb muscle endurance as well as
strength in individuals with Down Syndrome.59-61 However, for individuals with SPIVD,
current knowledge of the effects of implementing PRT is limited. Therefore, it is important
to gain insight into the feasibility as well as the effect of a PRT program of the Quadriceps
muscles in persons with SPIVD (Chapter 6).
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Abstract
Background The ability to perform activities of daily living (ADL) as a component of
participation is one of the factors that contribute to quality of life. The ability to perform
ADL for persons experiencing severe/profound intellectual disability (ID) may be reduced
due to their cognitive and physical capacities. However, until recently, the impact of the
significantly prevalent visual impairments on the performance of activities of daily living
has not yet been revealed within this group.
Aim The purpose of this prospective cross-sectional study was to investigate the impact of
visual impairment on the performance of activities of daily living for persons with a
severe/profound intellectual disability.
Methods The Barthel Index (BI) and Comfortable Walking Speed (CWS) were used to
measure the ability of performing activities of daily living (ADL) in 240 persons with
severe/profound ID and having Gross Motor Functioning Classification System (GMFCS)
Levels I, II or III; this included 120 persons with visual impairment. The impact of visual
impairment on ADL was analyzed with linear regression.
Results The results of the study demonstrated that visual impairment slightly affects the
ability of performing activities of daily living (BI) for persons experiencing a
severe/profound intellectual disability. GMFCS Levels II or III, profound ID level, and
visual impairment each have the effect of lowering BI scores. GMFCS Levels II or III, and
profound ID level each have the effect of increasing CWS scores, which indicates a lower
walking speed. A main effect of visual impairment is present on CWS, but our results do
show a substantive interaction effect between GMFCS Level III and visual impairment on
Comfortable Walking Speed in persons with a severe/profound intellectual disability.
Conclusion Visual impairment has a slight effect on ability to perform ADL in persons
experiencing severe/profound ID.
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Introduction
The ability of performing activities of daily living (ADL) is a component of participation,
according to the International Classification of Functioning from the World Health
Organisation.1 Mahoney2 and de Haan3 state that ADL is an operationalization of daily
functioning, including individuals with intellectual disabilities.4 Daily activities influence
not only the personal quality of life but also the need for support and/or care from others.
Persons with intellectual disabilities experience greater degrees of dependence in
addition to decreased levels of mobility (independence, walking with support, or using a
wheelchair).4
Persons with severe or profound intellectual disabilities (ID) frequently experience
another important, though very specific, determinant of the ability to perform ADL: visual
impairments. There is a high prevalence of visual impairments1 in individuals with severe
or profound intellectual disabilities and in persons with severe ID. Van Splunder5
ascertained a prevalence of visual impairment of 23.4% in persons with profound ID and
67.7% and 92% in 76 persons with severe or profound ID.6
The importance of visual ability for any activity has been extensively demonstrated.7-10
Visual impairment may have impact on eye-hand coordination and neuromuscular
function which are both essential for the ability to perform ADL. Furthermore, persons
experiencing both visual impairment and an intellectual disability are particularly at risk
for developing deficits in both locomotor skills and in the ability to perform ADL.11
Therefore, it is important to be aware if persons with ID and visual impairment require
relatively more support in their daily functioning than persons with ID without visual
impairment. This is necessary, on the one hand, because care providers must
substantiate that additional support and funding for the care of these people will
eventually be required. On the other hand, in order to provide the individuals experiencing
these multiple disabilities an opportunity to participate optimally in society, the care must
be adjusted accordingly as much as possible.
This leads to the following research questions: What is the impact of visual impairment on
the ability to perform ADL in persons with a severe/profound intellectual disability,
measured by the BI and Comfortable Walking Speed?
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Method
Design and participants
Persons experiencing severe or profound ID,12 Gross Motor Functioning Classification
System (GMFCS) Levels I-III,13,14 with and without visual impairment1 were included in the
study. The GMFCS13,14 is a five-level system used to classify the severity of motor
disabilities in persons with intellectual and physical disabilities. Participants classified at
“Level I” can generally walk without restrictions but tend to have limitations in more
advanced motor skills. Participants with a “Level II” classification can walk with slight
restrictions and do not spontaneously increase their speed during walking. Participants
with a ‘Level III’ are able to walk with walking devices. Only participants experiencing
GMFCS Levels I-III could be included because they had to be able to perform the CWS.
Written consent was requested from the representatives of the participants. In this
prospective cross-sectional study, data of participants were collected in two different
samples. The majority of the participants, i.e., 201 were recruited from the ‘Healthy
ageing and intellectual disabilities’ study (HA-ID) executed by a collaboration of three ID
care organizations and two university departments in the Netherlands (HA-ID study).15 In
addition, 62 participants were recruited from a residential care facility for the profound or
severe intellectually and visually disabled in the Netherlands.
The exclusion criteria consisted of psychoses, depression, or other severe psychological
problems (such as behavioral stress and prolonged stress) somatic diseases defined as
chronic diseases and/or diseases that do not resolve in a short period of time such as
osteoarthritis, osteoporosis, pneumonia, and general illness or fever; taking antibiotics;
worsening of asthma or epilepsy (recent insult or epileptic fits); fresh wound(s)/bruise(s);
or other factors causing pain during movement; and, finally, stress as evidenced by the
participant’s behavior shortly prior to the date of measurement.
Measures and Protocols
Age and gender were retrieved from the clients’ records. Levels of GMFCS, intellectual
disability and hearing impairment as well as the presence of epilepsy were retrieved from
the client medical records. These levels were determined and categorized by a physician
specialized in intellectual disabilities in collaboration with a health care psychologist.
Data on visual impairment were determined by doctors and retrieved from the clients’
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medical records. The participants were evaluated to have no visual impairment, visual
impairment or being blind. Data on dementia has been collected from the clients’ medical
records and psychological files. The aetiology ‘Intellectual disability caused by Down
syndrome’ has been collected from the participants’ medical records. We categorized the
aetiologies in pre-, peri- or postnatal causes, or ‘unknown’.
ADL (BI)
The ability to perform ADL is measured with the Barthel Index (BI)2,4,16 which is generally
accepted as an instrument for measuring the performance of daily activities within the
clinical setting.17-20 Research of Mahoney2 and Haan3 substantiated the applicability and
simplicity of the questionnaire. The Barthel Index (BI) is applicable as a reliable measure
of ADL performance of persons with intellectual disabilities.4
Mobility (CWS)
Locomotor functioning is operationalised by measuring Comfortable Walking Speed since
locomotor functioning is not sufficiently addressed by a questionnaire but, nevertheless,
essential for the ability to perform ADL. Hilgenkamp4 discovered that the total ADL score
was primarily determined by the ease of mobility in older adults with ID. The Comfortable
Walking Speed (CWS) is a reliable and valid test for measuring functional stability and
performance.21 The CWS is also applicable for the population of older persons
experiencing intellectual disabilities.21-23
The reliability and validity of the CWS were high for the general population,21,22,24-26 and
the test-retest reliability in older adults with ID was excellent (ICCs 0.96 for same-day
interval and 0.93 for a two-week interval).23 Using indicators on the floor (tape) at zero
meters, three meters, and eight meters, the participant walked (with guidance) a distance
of five meters in three intervals with a start-up of three meters. The average of the three
measurements was recorded. The time was tracked from the moment that the front foot
passed the first indicator (three meters) to the moment that the front foot passed the last
line (eight meters). The participants walked the expanded course back and forth because
of the issues presented by their visual impairment. Furthermore, gymnastic instructors
accompanied some participants in finding their way and helping them understand what
was expected of them during the familiarization walks. This adaptation was necessary
due to intellectual disability combined with visual impairment.
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Data analyses
With descriptive statistics, an overview of the characteristics of the participants was
provided.
First, the frequencies of participants crossed with those for the presence of visual
impairment and GMFCS levels were explored by Poisson regression analysis in order to
determine possible interaction effects.
Subsequently, to investigate the effect of visual impairment on the ability to perform ADL,
we performed two separate linear regression analyses utilizing BI and CWS, respectively,
as a response variable and the covariates gender, age (in years), presence of epilepsy,
and auditory impairments. A cubic spline and its F-test were used to test for a possible
non-linear age effect.27 If no evidence for non-linearity was found, the analysis was
proceeded with linear regression. First, the covariates were entered as a block in a linear
regression analysis. Next, dummy variables corresponding to GMFCS and level of ID were
entered in the second block, and linear regression analyses were performed. The variable
visual impairment including the interaction effect with the GMFCS level, if applicable, was
entered in a third block. Multicollinearity was checked by the Variance Inflation Factor
(VIF) to be lower than 5 for all independent variables. Significance of explanatory
variables and adjusted R2 were estimated from the model whereby normality and
homogeneity of variance of the residuals were verified with a normal P-P plot and a plot
for heteroscedasticity of variance.
The level of statistical significance was established at 0.05. Data were analyzed using
SPSS 20.0 and the statistical programming language R.28
Ethical statement
The study was performed in accordance with the guidelines of the Helsinki Declaration.29
For the HA-ID study, ethical approval was provided by the Medical Ethical Committee of
the Erasmus Medical Center (MEC 2008-234) and by the ethical committees of the
participating ID care services. Informed consent was obtained from all of the participants
or their legal representatives; unexpected resistance was a reason for aborting
measurements at any time.30 For the second component of the sample, permission to
conduct the study was obtained from an institutional ethics committee. All of the
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participants were unable to give consent; therefore, dispensation was obtained from the
legal Medical Ethics Committee (2001/386, METcUMCG, Groningen, the Netherlands).
Informed consent was obtained from the legal representatives and caregivers of all of the
participants. The measurements in both samples were performed in accordance with the
behavioral code section entitled ‘Resistance among people with an intellectual disability
in the framework of the Act Governing Medical-Scientific Research Involving Humans’.31
Continuous distress or unhappiness was interpreted as an indicator of a lack of assent,
and further participation in the study was reconsidered.
Results
Six participants were excluded for medical/behavioural reasons, and 17 persons were
excluded for not meeting the inclusion criteria at the time of obtaining the
measurements. There was a total of 240 participants with severe intellectual disabilities
(SID) and with severe intellectual and visual disabilities (SIVD).
The characteristics of the participants are depicted in Table 1.
The mean (SD) age of all of the participants was 57 (10.2) with a minimum age of 19 and
a maximum age of 86.
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Table 1. Characteristics of the participants.
Participants Total (percentage)
Total sample
Gender
Age

240

100%

151

62.9%

Female

89

37.1%

19-35

12

5.0%

36-52

53

22.1%

53-69

153

63.8%

70-86

22

9.1%

170

70.8%

70

29.2%

I

152

59.2%

II

80

33.3%

III

18

7.5%

Present

150

62.5%

Absent

83

34.6%

7

2.9%

Male

Intellectual disability Severe
Profound
GMFCS Level

Epilepsy

Missing value
Auditory

Hearing loss

119

49.6%

Impairments

Normal hearing

109

45.4%

Missing value

12

5.0%

Present

20

8.3%

Absent

163

68%

Missing value

57

23.7%

Present

43

18%

Absent

191

80%

6

2.0%

Dementia

Down syndrome

Missing value

GMFCS=Gross Motor Functioning Classification System

The frequencies of GMFCS level crossed with those of the ID levels are shown in table 2.






16439-Dijkhuizen_BNW.indd 34

03-05-19 08:27


Table 2. Frequencies of participants crossed with visual impairment and GMFCS level
(values of the visual impairment for ten participants were missing).
GMFCS

No visual
impairment

Visual impairment

Total

Level I

83 (59.7%)

56 (40.3%)

139

Level II

26 (35.1%)

48 (64.9%)

74

Level III

10 (58.8%)

7 (41.2%)

17

Sum

119 (51.7%)

111 (48.3%)

230

GMFCS=Gross Motor Functioning Classification System

It can be observed that there are slightly fewer participants with visual impairment than
without and that the number of participants decreases from Level I to Level III.
Furthermore, at GMFCS Level II, the relative frequency of visual impairment is greater
compared to Levels I and III.
The Poisson regression model (Table 3) demonstrates significant effects on the
frequencies of visual impairment, GMFCS Levels II and III, and the interaction between
visual impairment with GMFCS Level II.
From the rate ratios at Level II it can be observed that almost three times as many
participants experience visual impairment compared to those who do not. This suggests
an investigation for possible interaction effects in the linear regression models below.
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Table 3. Poisson regression on frequencies of GMFCS levels crossed with Visual
impairment together with the rate ratios and their 95% confidence intervals.
Estimate

Std Error

Z-value

P-level.

Rate

95 % CI

Ratio
(Intercept)

4.42

0.11

40.26

<0.001

83.00

66.40-102.16

Visual Impairment

-0.39

0.17

-2.28

0.023

0.67

0.48-0.94

GMFCS Level II

-1.16

0.22

-5.16

<0.001

0.31

0.20-0.48

GMFCS Level III

-2.12

0.33

-6.32

<0.001

0.12

0.06 -0.22

Visual Impairment*
GMFCS Level II

1.01

0.30

3.37

<0.001

2.74

1.54 -4.96

Visual Impairment*
GMFCS Level III

0.04

0.52

0.07

0.9438

1.04

0.36- 2.86

GMFCS=Gross Motor Functioning Classification System; Std Error=Standard Error; CI=Confidence Intervals;
* Interaction GMFCS-Visual Impairment

The results from regression analyses for BI with possible non-linear effect of Age are
shown in Table 4. Model 1 depicts the results of entering the covariates gender, spline of
age (in years), presence of epilepsy, and auditory impairments in the first block and the
level of ID and dummy variables of the GMFCS level into the second block in the model
(p<0.001; adjusted R2 0.459). Model 2 shows, in addition to Model 1, the impact of the
variable visual impairment and its interaction with GMFCS levels after entering these as
the third block (p=0.036; adjusted R2 0.474).
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Table 4. Regression analysis on Barthel Index (in points): Models 1 and 2, the latter with
interaction effects visual impairment * GMFCS level.
Multiple regression analysis on Barthel Index
Model 1

Beta

p-value

Constant

15.47

<0.001

Presence of epilepsy

-0.83

0.099

Auditory impairments

-0.06

0.892

Gender (effect of female)

-1.09

0.024

Spline of Age

4.978 **

0.206

Level of ID (profound)

-3.21

<0.001

GMFCS Level I-II

-4.60

<0.001

GMFCS Level I-III

-6.35

<0.001

Model 2

Beta

p-value

Constant

15.96

<0.001

Presence of epilepsy

-0.69

0.168

Auditory impairments

0.04

0.926

Gender (effect of female)

-0.83

0.095

Spline of Age

5.32**

0.049

Level of ID (profound)

-3.11

<0.001

GMFCS Level I-II

-5.26

<0.001

GMFCS Level I-III

-6.33

<0.001

Level of visual impairment

-1.71

0.009

GMFCS Level II*Vis imp

1.48

0.155

GMFCS Level III*Vis imp

-0.26

0.882

Adjusted R
square

Significance
F change

0.459

<0.001

Adjusted R
square

Significance
F change

0.474

0.034

ID = intellectual disability ; GMFCS=Gross Motor Functioning Classification System; **Estimated degree of
freedom

Testing for the possibility of a non-linear Age effect on BI against a linear Age effect on BI
results in a significant non-linear Age effect (Deviance= 176.81, F= 3.6991, P=0.0049).
Our data provide evidence for a non-linear Age effect on the BI after correction for the
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presence of Epilepsy, Auditory Impairments, Gender, Level of ID and GMFCS level and in
model 2 in addition level of Visual Impairment with interaction effect.
For all above regression analyses, multicollinearity according to the Variance Inflation
Factor (VIF) was determined to be below 5 for all independent variables. Diagnostic plots
provided no indication for non-normality or heterogeneity of variance.
Comfortable Walking Speed (CWS)
Compared with the cut off scores as defined by Abellan van Kan,21 24 % of the
participants walked slow (<0.6 m/s), 47% walked intermediate (<1.0 m/s), and 29%
walked fast (>1.0 m/s). Using Model 2 testing for the possibility of a non-linear Age effect
on CWS against a linear Age effect on CWS does not result in significant non-linear Age
effect (Deviance=44.743, F= 3.4555, P= 0.06633). Our data provide evidence for a
significant linear Age effect on CWS, after correction for the presence of Epilepsy, Auditory
Impairments, Gender, Level of ID and GMFCS level and in model 2 in addition level of
Visual Impairment with interaction effect.
The results from linear regression analyses on CWS are depicted in table 5. Model 1,
based on the explaining variables gender, age (in years), presence of epilepsy, and
auditory impairments, has an adjusted R2 of 0.33. Model 2 shows that the additional
impact of visual impairment entered in the second block was significant (F=3.7918,
P=0.01187), with an adjusted R2 of 0.37.
For all of the above regression analyses, multicollinearity according to the Variance
Inflation Factor (VIF) was found to be below 5 for all explanatory variables. Diagnostic
plots gave no indication for non-normality or heterogeneity of variance.
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Table 5. Multiple regression analysis on Comfortable Walking Speed (speed in m/s).
Multiple regression analysis on Comfortable Walking Speed
Model 1

Beta

p-value

Constant

1.82

0.304

Presence of epilepsy

-1.53

0.030

Auditory impairments

-0.82

0.235

Gender (effect of female)

1.02

0.132

Age

0.08

0.008

Level of ID (profound)

1.76

0.023

GMFCS Level I-II

2.40

0.001

GMFCS Level I-III

9.10

<0.001

Model 2

Beta

p-value

Constant

0.75

0.696

Presence of epilepsy

-1.45

0.038

Auditory impairments

-0.87

0.199

Gender (effect of female)

1.11

0.106

Age

0.10

0.003

Level of ID (profound)

1.65

0.028

GMFCS Level I-II

3.28

0.009

GMFCS Level I-III

5.89

0.002

Level of visual impairment

0.66

0.418

GMFCS Level II*Vis imp

-1.54

0.319

GMFCS Level III*Vis imp

8.01

0.006

Adjusted R
square

0.33

Significance
F change

11.62*

Adjusted R
square

Significance
F change

0.37

3.792

ID = intellectual disability ; GMFCS=Gross Motor Functioning Classification System; *F change with respect
to the null model with constant only
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Discussion
The results of our study indicate that visual impairment only slightly affects the ability of
performing Activities of Daily Living (BI) for persons experiencing a severe/profound
intellectual disability. Our results show a substantive interaction effect between GMFCS
Level III and visual impairment on Comfortable Walking Speed in persons with a
severe/profound intellectual disability.
GMFCS Levels II or III, profound ID level, and visual impairment each have the effect of
lowering BI scores. The above comparison for BI of model 1 with model 2 reveals that the
additional percentage of explained variance by adding visual impairment by one percent
is rather small in comparison with that of GMFCS Level II and III. Our results for BI
indicate that there is some indication for an interaction effect, although the degree of
evidence is weak. Van Splunder5 discovered a relationship between the severity of
intellectual disability and the presence / severity of a visual impairment. Research also
indicates a relationship between (severity) GMFCS level and the severity of the
intellectual disability.32-35 Model 2 (table 4) shows that gender / for being female reveals
no significant difference. With respect to years of age, our results for BI are in line with
the finding of Hilgenkamp4 that being dependent significantly increased with older age.
Lastly, it is possible that other variables such as drug use or specific co-morbidities might
also affect the outcomes of BI.
The above comparison for CWS of model 1 with model 2 reveals that the additional
percentage of explained variance by adding visual impairment and its interaction with the
GMFCS with four percent is moderate. GMFCS Levels II or III, and profound ID level each
have an effect of increasing CWS scores, which indicates a lower walking speed. The
main effect of visual impairment is not significantly different from zero. Our results for
CSW give strong evidence for a substantive interaction effect between GMFCS Level II
and III with visual impairment.
In our study, visual impairment does only have an effect on CWS in persons with GMFCS
Level III, which is partially in line with previous results from other studies: Hallemans36
found that, in children with visual impairment, walking speed is decreased. Aartolahti37
found that older adults with visual impairment walked significantly slower while Hassan38
ascertained that there were no differences between older adults with or without visual
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impairments. It is important to mention that, compared to other studies and target
populations, the participants in our study walk at a slower pace for CWS and also have
lower scores in BI compared to their same-aged peers without severe/profound ID. This
may explain why visual impairment, in addition to the other impairments, has no
influence on CWS and only minimal influence on BI.
Strengths of this study include the sample size by the recruitment from four different
institutions and areas. The majority of the participants (80.4%), aged 50 years and older,
were recruited from three ID care organizations in the Netherlands (HA-ID study).15 A
small group of participants, aged between 19 years and 86 years, was recruited from a
residential care facility for the profound or severe intellectually and visually disabled in
the Netherlands. As a consequence, 13% of the participants are aged between 19 and
50 years, and 87% are aged over 50 years. This large group of participants aged over 50
years may also explain the low BI and CWS scores. The participants aged under 35 years
(5%) are under-represented, which is a limitation of this study. However, the age
distribution of this study conforms to the age distribution in the residential care facilities
for the profound or severe intellectually disabled in the Netherlands.
Participants experiencing severe/profound ID as well as a visual impairment, walked
back and forth while performing the CWS, and gymnastic instructors were required to
accompany some of the participants to assist them in finding their way and to help them
understand what was expected of them. It is important to mention that the experienced
gymnastic instructors only guided the participants without giving them any physical
support.
In conclusion, the results indicate that the presence of visual impairment has a slight
main effect and a very small interaction effect on the ability to perform ADL. Presence of
visual impairment does not have a main effect on Comfortable Walking Speed in persons
with severe/profound ID although a significant and substantive interaction effect is found
between GMFCS Level III and visual impairment.
To our knowledge, this is the first study that determined the impact of visual impairment
on the ability to perform ADL and Comfortable Walking Speed in persons with severe or
profound ID. For this target group, it is important to gain insight into the GMFCS level,
level of ID, and presence of visual impairment in order to make an estimate of the ability
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to perform ADL and the required care assistance. This study shows that GMFCS level
(mobility) has a significant influence on the ability to perform ADL, therefore, it is
recommended to utilize these findings for improving the mobility of this target group.
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Abstract
Background A modified version of the Berg Balance Scale (mBBS) was developed for
individuals with intellectual and visual disabilities (IVD). However, the concurrent and
predictive validity has not yet been determined.
Aim The purpose of the current study was to evaluate the concurrent and predictive
validity of the mBBS for individuals with IVD.
Methods Fifty-four individuals with IVD and Gross Motor Functioning Classification System
(GMFCS) Levels I and II participated in this study. The mBBS, the Centre of Gravity (COG),
the Comfortable Walking Speed (CWS), and the Barthel Index (BI) were assessed during
one session in order to determine the concurrent validity. The percentage of explained
variance was determined by analyzing the squared multiple correlation between the
mBBS and the BI, COG, CWS, GMFCS, and age, gender, level of intellectual disability,
presence of epilepsy, level of visual impairment, and presence of hearing impairment.
Furthermore, an overview of the degree of dependence between the mBBS, BI, CWS, and
COG was obtained by graphic modelling. Predictive validity of mBBS was determined with
respect to the number of falling incidents during 26 weeks and evaluated with Zeroinflated regression models using the explanatory variables of mBBS, BI, COG, CWS, and
GMFCS.
Results The results demonstrated that two significant explanatory variables, the GMFCS
Level and the BI, and one non-significant variable, the CWS, explained approximately 60%
of the mBBS variance. Graphical modelling revealed that BI was the most important
explanatory variable for mBBS moreso than COG and CWS. Zero-inflated regression on
the frequency of falling incidents demonstrated that the mBBS was not predictive,
however, COG and CWS were.
Conclusion The results indicated that the concurrent validity as well as the predictive
validity of mBBS were low for persons with IVD.
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Introduction
Persons with a visual disability exhibit decreased balance.1,2 Consequently, for persons
with an intellectual disability (ID), these visual deficits are identified as a potential factor
for falling.3 In all of the subgroups with ID, the prevalence of visual impairment (VI) and
blindness are significantly higher compared to the overall Dutch population.4 In persons
with severe or profound intellectual disabilities (ID), an additional visual disability
moderately affects activities of daily living (ADL);5 this may be due to balance problems
that are more severe.
When compared with their non-disabled counterparts, individuals with ID demonstrate a
greater number of instances of instability during both quiet standing and walking.6
Moreover, individuals with ID, especially those who are ambulatory,7,8 also have an
increased risk of falling.3,9,10 The rate of hospitalization due to injuries caused by falls is
twice as high in persons with ID compared to the general population.11
Individuals with visual impairment display inferior performance with locomotor skills as
well,12 and individuals with more severe ID combined with visual disabilities are
particularly at risk of developing difficulties with performing these skills and daily
activities.13 It has been determined that mobility is an important predictor for the ability of
persons with ID to perform ADL14,15 and that persons with severe or profound ID are less
able to do so.5 Moreover, persons with intellectual and visual disabilities (IVD) may be
more at risk than persons with ID for decreased balance or even falling.
The Berg Balance Scale (BBS) has been proposed as the most applicable instrument to
assess balance capacities and falling risk in older adults with ID.16 Berg and colleagues17
found that the original balance score does not predict falling incidents among communitydwelling older people, however, in a previous study, Berg and colleagues18 showed that
the BBS at baseline as well as visual deficits and a recent fall were significant predictors
of the occurrence of multiple falls over the next year for this population. A higher score
corresponds to better balance capacities with a maximum score of 56.18 It has been
determined that a score of 45 on the BBS is the designated point for a greater risk of
falling (<45) for older adults in general.19 No relationship between BBS and falling was
found in older adults with mild to moderate intellectual disabilities and normal
eyesight.20,21
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As independent and safe mobility is important for participation in the community and
activities of daily life,6 it is also crucial to determine balance, mobility, prevalence of falls,
and activities in daily living in persons with IVD. An initial step to investigate balance in
this population was made by adapting the original Berg Balance Scale protocol19,18 into
the modified Berg Balance Scale (mBBS).23 This modified scale demonstrates sufficient
feasibility and test-retest reliability23 and appears to be an executable and reliable test for
evaluating the functional balance of individuals with IVD classified as Gross Motor
Function Classification System (GMFCS) Levels I and II.23 However, the validity of the
mBBS to predict falls by individuals with IVD has not been previously established.
Furthermore, the degree of association of the mBBS with indices of functional
performance provides an indication of the concurrent validity of the mBBS and may
provide additional insight into the relationship between balance, mobility, ADL
performance, and prevalence of falls in persons with IVD. In addition, an indication of the
predictive validity of the mBBS could be determined by comparing the scores on the
mBBS with the prevalence of falling incidents.
The aim of this study, therefore, was to evaluate the concurrent and predictive validity of
the mBBS in persons with IVD.
Methods
Participants
Participants were recruited from residential care facilities within the Netherlands.
Inclusion criteria consisted of having a moderate, severe, or profound intellectual
disability (ID) according to the ICD-10,24 visual impairment (a visual acuity of less than
0.3 points, which indicates ‘severely partially sighted to blind’),24 and Levels I and II on
the Gross Motor Function Classification System (GMFCS).25,26 Additional criteria included
both written informed consent of representatives and support for participation from a
physician specialized in intellectual disabilities in collaboration with a health care
psychologist.
As the mBBS is intended for individuals with moderate, severe, or profound ID, visual
impairment, and GMFCS Levels I and II,23 only individuals with these disabilities were
included. The GMFCS is a five-level system utilized to classify the severity of motor
disabilities in persons with intellectual and physical disabilities. Participants assigned a
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Level I classification are generally capable of walking without restrictions but tend to
exhibit limitations in motor skills that are more advanced. Those categorized as a Level II
classification are capable of walking with minimal restrictions but do not spontaneously
increase their speed while walking. Individuals assigned a Level III are capable of walking
with walking devices, and the locomotor skills of those assigned with GMFCS Levels IV to
V are very limited. The latter three levels were not considered as being viable participants
for performing the balance test. As not all of the participants were able to give consent,
their legal representatives did so.
Exclusion criteria consisted of mental or physical health issues that prevented the
residential care facility clients from participating including psychoses, depression, or
other severe psychological problems such as prolonged stress; somatic diseases defined
as chronic diseases and/or diseases that are not remedied in a short period of time such
as osteoarthritis, osteoporosis, pneumonia, and general illness or fever; taking
antibiotics; worsening of asthma or epilepsy as signified with recent insult or epileptic fits;
fresh wound(s)/bruise(s); other factors causing pain during movement; and, finally, stress
as evidenced by the participant’s behavior shortly prior to the date of assessment.
Design
This quantitative cross-sectional/prospective study examined the concurrent validity of
the mBBS in accordance with the strategy of Berg and colleagues,18 i.e., validating the
original BBS. Berg18 assessed the validity of the Balance Scale for patients with a stroke
by examining the manner in which the BBS scores related to: clinical judgments and selfperceptions of balance; laboratory measures of postural sway; external criteria reflecting
balancing ability; and motor and functional performance.
The response variable in this study was the balance score as assessed by the mBBS.23
The availability of feasible and reliable tests for individuals with IVD was limited,
therefore, in order to assess concurrent validity, the following indices of functional
performances as explanatory variables were employed. To assess balance, the Centre of
Gravity (COG)27 and the Comfortable Walking Speed (CWS)28 were used, and the Barthel
Index (BI) was utilized to assess functional performance.15 Participant characteristics
such as age, GMFCS, level of intellectual disability, level of visual impairment and
presence of hearing impairment, and presence of epilepsy as additional explanatory
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variables were described. As presence of epilepsy was identified as an independent risk
factor for falls by adults with intellectual disabilities,29 it was expected to influence the
mBBS. For the participants in this study with multiple sensory impairments, auditory
impairments were added as an explanatory variable.
Fifty-four participants performed the mBBS, the COG, and the CWS during a single
session. After completion of the procedure, the BI questionnaire and a monthly
registration calendar of falling incidents30 were sent to the residential caretakers with a
request to return the BI questionnaires as soon as possible and to send the calendar
back after 26 weeks. Prior to taking the measurements, the test administrator completed
a checklist indicating all exclusion criteria. If participants exhibited any of the exclusion
criteria at the time of assessment, a new test date was scheduled. During the
assessments, a test administrator and a gymnastics instructor were present. The
gymnastics instructor organized and coached the participants in sports and exercise
activities in daily life and was, therefore, well informed regarding the mental and physical
limitations of each participant. The test administrator was a physical therapy bachelor
student who was familiar with the protocols of the balance tests. The tests were
performed over the duration of one day and in an established order whereby the mBBS
was administered first; the participant then performed the COG; and, finally, the CWS.
Prior to this study, a small group of persons with severe intellectual and visual disabilities
(SIVD; n = 7) was examined in order to determine the optimal order of the tests.
Ethical statement
The study was performed in accordance with the guidelines of the Helsinki Declaration.31
An institutional ethics committee granted permission to conduct the study. Dispensation
was obtained from the legal Medical Ethics Committee (2001/386, METcUMCG,
Groningen, the Netherlands). The assessments were performed in accordance with the
behavioral code section entitled ‘Resistance among people with an intellectual disability
in the framework of the Act Governing Medical-Scientific Research Involving Humans’.32
Consistent distress or unhappiness were interpreted as indicators of a lack of assent, and
further participation in the study was reconsidered.
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Measures and protocols
Characteristics including intellectual disability, visual impairment, level of GMFCS, age,
gender, presence of a hearing impairment, and presence of epilepsy were retrieved from
the clients’ medical records. These characteristics were determined and categorized by a
physician specialized in intellectual disabilities in collaboration with a health care
psychologist. Data regarding visual impairment were categorized as no visual impairment,
visual impairment, or being blind. The aetiology was classified as ‘Intellectual Disability
(ID)’ in pre-, peri- or postnatal causes, Down Syndrome, and ‘unknown’.
Modified Berg Balance Scale (mBBS)
The mBBS is an adapted balance scale that has been substantiated as a feasible and
reliable test for individuals with IVD.23 The original BBS consists of fourteen items,18
however, a number of these tasks were determined as being too difficult for individuals
with IVD to perform, e.g., tandem standing, reaching forward while standing, turning one’s
trunk while feet are fixed, and standing with eyes closed.23 Therefore, the protocol was
slightly adapted by excluding these four components while adding two new items
including walking on a thin line and walking on a gymnastics beam (width 30 cm, 40 cm
above the floor). These two items were added since the participants practiced these tasks
during gymnastics and, as a consequence, were familiar with them.23 After determining
the feasibility and test-retest reliability, the items ‘stool stepping’ and ‘walking on a thin
line’were excluded because these items were not feasible or reliable.23 As a
consequence, the final mBBs consists of ten test items which are shown in Table 1.
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Table 1. Ten test items of the modified Berg Balance Scale.
Number

Test item

1

Sitting unsupported

2

Change of position: sitting to standing

3

Change of position: standing to sitting

4

Transfers

5

Standing unsupported

6

Standing with feet together

7

Turning 360 degrees

8

Retrieving objects from floor

9

Standing on one leg

10

Walking on a gymnastic beam

The performance for each of these items was scored on a 5-point ordinal scale (0-4
points) whereby a score of 0 denotes the inability of the participant to perform the task. A
score of 4 is assigned when the participant is capable of completing the task in
accordance with the criterion that has been assigned to it. The maximum score of the
mBBS is 40 points. If a participant did not comprehend a task, ‘missing’ was noted.
Center of Gravity (COG)
The Center of Gravity (COG) during quiet standing balance was assessed with a Wii
Balance Board and in accordance with Clark and colleagues.27 This test demonstrated
validity when compared to the test results of a Force Platform and has been determined
to be a genuine reflection of laboratory assessments of postural sway.
In order to reduce stress and testing time for participants, the test administrators
calibrated the balance board in advance of testing. The participant was required to stand
with two feet on the balance-board which could be reached from a specially developed
ramp. Several seconds were required to calculate the deviation of the COG during quiet
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standing balance. The COG deviation from the center was calculated as a percentage
related to the center (0) either to the left or the right side (50%). A lower score indicated
less deviation from the center. This value was displayed for the test administrators as a
percentage left and right on a quadrant. Verbal support/tactile support was offered in
order to maintain the lowest stress level as possible for the participant and to facilitate
standing stationary for a few seconds. In some cases, it was necessary for the gymnastics
instructor to manually correct the individual’s foot position on the balance board. The
participants received the following instructions: ‘stand still, do not move, it’s going well,
just stay a moment’. Following completion of this test, the participants received a
compliment, ‘Well done.’ Testing the COG occurred over a two-minute time frame.
Comfortable Walking Speed (CWS)
The Comfortable Walking Speed (CWS) is a valid and reliable test for measuring
functional stability and performance and is generally considered to be a valid reflection of
motor and functional performance.28 The reliability and validity of the CWS were high for
the general population,33-35 and the test-retest reliability in older adults with ID was also
good (ICCs 0.96 for same-day interval and 0.93 for a two-week interval).36 Using markers
on the floor (tape) at zero meters, three meters, and eight meters, the participant walked
(with guidance) a distance of five meters with a start-up of three meters. The average of
three assessments was recorded. The time was tracked from the moment that the front
foot passed the first marker (three meters) to the moment that the front foot passed the
last line (eight meters).37 Prior to the assessments, the participants practiced the CWS in
order to become familiar with the test and the environment.
They walked the expanse of the course back and forth because of the issues presented
by their visual impairment. Furthermore, the gymnastics instructor accompanied several
of them in finding their way and assisted them in understanding what was expected
during the trials without influencing their comfortable speed by making sounds, clapping,
or by providing individually adapted information. In some cases, the gymnastics instructor
accompanied participants in finding their way by giving tactile stimuli, e.g., a light tap on
the shoulder. This adaptation was necessary due to intellectual disability combined with
visual impairment.
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Barthel Index (BI)
The ability to perform ADL was assessed with the Barthel Index (BI)15,38,39 which is
generally accepted as an instrument for measuring the performance of daily activities
within the clinical setting.40-42 Research of Mahoney and Barthel38 and de Haan43
substantiated the applicability and simplicity of the questionnaire. There were ten
questions to be answered regarding the daily activities of the participants, namely: bowel
control, bladder control, grooming, toilet use, feeding, transfer, walking, dressing, stair
climbing, and bathing. There were two to four scoring categories with a total score ranging
from zero (completely dependent) to 20 (completely independent).42,44 The Barthel Index
(BI), which has been found to be just as reliable as testing the participant, was filled in by
the residential caregivers.14,44 It is applicable as a reliable assessment of ADL
performance in persons with intellectual disabilities15 and is considered to be a reflection
of a clinical judgment of Activities of Daily Living (ADL).
Fall Registration Calendar
A registration calendar to record falling activity is a recommended method of data
collection by the Prevention of Falls Network Europe.45 Accordingly, the following
definition of criterion for a fall was employed: ‘an unexpected event in which the
participant comes to rest on the ground, floor, or lower level’.45 To register fall incidents, a
monthly fall registration calendar was used30 for a duration of 26 weeks. These fall
registration calendars were sent to the residential caregivers, and instructions were
included on how to fill in the fall calendar noting the day a participant had fallen with a
cross on the specific date and, if necessary and appropriate, how often a participant had
fallen on that day. Caregivers were requested to return the calendar after the allotted
time frame. Further information and details of the fall were recorded on the form ‘Error,
Accident, or Near Accident’.
Data analyses
The data were analyzed by SPSS 20.0 and the programming language R version 2.3.0.46
The distribution of the measures was checked for normality with the Shapiro-Wilk Test.
Throughout, 0.05 was taken as the significance level. Descriptive statistics were used to
summarize participant characteristics.
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Concurrent validity
Concurrent validity refers to the degree in which the operationalization of a construct
correlates with other assessments of the same construct that are simultaneously
assessed.47 Concurrent validity of the mBBS was examined in two ways:
1) Firstly, the explained percentage of mBBS variance by the explanatory variables BI,
COG, CWS, GMFCS, and age, gender, level of ID, presence of epilepsy, level of visual
impairment, and presence of hearing impairment was determined by the squared
multiple correlation. The COG and CWS were utilized for determining the concurrent
validity of the mBBS for measuring balance, and BI was used for measuring functional
performance. Since employing too many explanatory variables in a linear regression may
cause overfitting, model selection by minimum Akaike Information Criterion (AIC) was
used. The R squared as well as its adjusted version was reported in order to evaluate the
degree of overfitting by the size of their differences.48
2) Secondly, to gain additional insight into the structure of (conditional)
interdependencies between mBBS, BI, CWS, and COG, a graphical modelling approach
based upon minimum AIC was employed.49 This afforded an opportunity to explore how
predictive each of these measurements are for any of the remaining predictors or to what
extent there is a most important predictor for the remaining three.
Predictive validity
The mBBS scores of persons with and those without falling incidents were visualized with
a box-and-whisker plot. Subsequently, to evaluate the predictive validity of the mBBS to
identify persons at risk for falling, hurdle regression models for count data50 were applied
using the explanatory variables mBBS, BI, COG, CWS, and GMFCS. In order to account for
a relatively large number of zeros (no fall incidents) in the data, a two-component mixture
approach was taken which combines a negative binomial for positive counts and a
binomial for zero counts. The predictive variables were selected according to the Akaike
Information Criterion (AIC), which is a practical, flexible, and frequently applied method for
model selection.51 Differences in means were explored by the independent t-test in order
to identify variables that distinguish between falling and the absence of falling incidents.
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Results
Written informed consent of the representatives was obtained for 69 participants.
Fifteen participants were excluded for the following reasons; six for medical/behavioral
reasons and nine as a result of the exclusion criteria at the time of obtaining the
assessments. The 54 participants in this study comprised 33 males and 21 females. The
mean (SD) age for males was 43.8 (12.5) years and 39.9 (13.6) years for their female
counterparts. Participant characteristics and test results of the participants are exhibited
in Table 2.
Table 2. Characteristics and test results of the participants.

Age, Mean, ±SD
GMFCS level
Level I
Level II
Intellectual disability
Moderate
Severe
Profound
Visual disabilities
Blind / Severely partially
sighted
Partially sighted
Slightly limited sight
Epilepsy
Yes
No
Hearing disabilities
Yes
No

Participants

mBBS

COG (points)

CWS (m/s)

BI (points)

N (%)

Mean, ±SD

Mean, ±SD

Mean, ±SD

Mean, ±SD

32 (59%)
22 (41%)

33.8 ±5.05
26.2 ±3.82

7.9 ±5.80
7.1 ±6.82

5.1 ±1.25
6.5 ±2.65

14.3 ±4.04
10.1 ±3.94

7 (13%)
33 (61%)
14 (26%)

36.4 ±5.03
31.3 ±4.68
26.1 ±5.87

7.8 ±5.23
7.5 ±6.63
7.7 ±5.79

5.8 ±1.63
5.7 ±2.13
7.5 ±2.63

15.5 ±5.24
13.8 ±3.39
8.3 ±3.82

35 (65%)

30.7 ±5.88

7.1 ±4.55

6.2 ±2.26

12.0 ±4.32

15 (28%)
4 (7%)

29.7 ±4.80
33.3 ±9.91

8.4 ±9.12
8.5 ±5.49

6.3 ±2.66
5.3 ±1.38

13.1 ±3.87
16.3 ±6.85

30 (56%)
24 (44%)

33.18 ±5.99
28.72 ±5.13

6.8 ±5.67
8.7 ±6.79

6.4 ±2.30
5.9 ±2.33

11.2 ±3.62
14.6 ±4.81

19 (35%)
35 (65%)

32.2 ±6.02
29.7 ±5.72

6.8 ±5.44
9.1 ±7.21

6.5 ±2.49
5.6 ±1.84

11.7 ±4.11
14.3 ±4.73

42.3 ±12.95

GMFCS: Gross Motor Functioning Classification System
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The Shapiro-Wilk Test did not reject normality of the mBBS and BI assessments (p=0.07
and p=0.09) but did reject normality for the CWS and COG assessments (p values <
0.001). However, Quantile-Quantile normality plots indicated that all observations fell
within 95% confidence intervals with the exception of two out of 51 for CWS and five out
of 48 for COG. The mean (SD) score for mBBS was 30.7 (5.9), for BI score 12.6 (4.5), for
COG score 7.6 (6.2) and for CWS score 6.2 (2.3).
Concurrent validity
First, Model 1 was estimated by employing all explanatory variables. This model (Table 3)
depicts the three significant predictors of the GMFCS level, BI score, and level of
intellectual disability with R squared 0.6737, adjusted R squared 0.5831 (p<0.001), and
residual standard error 3.534 on 36 degrees of freedom. Neither the COG nor the CWS
demonstrated a significant influence on the mBBS. Furthermore, no statistical evidence
was found for the influence of age, gender, presence of epilepsy, visual impairment, and
hearing impairment on mBBS. Substantial overfitting in this model is indicated by the
difference between R squared and adjusted R squared (0.08) due to the presence of
several explanatory variables with non-significant beta coefficients.
Second, Model 2 was found by variable selection according to minimum AIC beginning
with the same significant explanatory variables as previously found in Model 1 and
supplemented with Comfortable Walking Speed (Table 3). The R squared of this model
was 0.6664, the adjusted R square was 0.6257, and the residual standard error was
3.349 on 41 degrees of freedom. The smaller difference between R squared and
adjusted R squared indicated a reduction in overfitting. In Model 2, the score of CWS
exhibited no significant influence on the score of the mBBS.
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Table 3.
Model 1: Linear regression model with mBBS as response variable and potentially
relevant explanatory variables.
Model 2: Linear regression model by minimum AIC with mBBS as response variable.
Model 1
mBBS score

Estimate

T value

P value

(regression
coefficient)
Constant

26.94

5.65

<0.001

GMFCS level II

-7.20

-3.74

<0.001

Barthel Index, BI (in points)

0.52

2.81

0.008

Comfortable Walking Speed, CWS (m/s)

0.48

1.46

0.153

Centre of Gravity, COG

-0.06

-0.63

0.529

Age

0.02

0.29

0.776

Gender

0.17

0.15

0.882

Level of Intellectual Disability severe

-4.34

-2.15

0.038

Level of Intellectual Disability profound

-3.29

-1.48

0.148

Presence of Epilepsy

0.19

0.13

0.901

Level of Visual Impairment

1.13

0.67

0.508

Model 2
mBBS score

Estimate

T value

P value

(regression
coefficient)
Constant

27.65

7.58

<0.001

GMFCS level II

-6.51

-5.18

<0.001

Barthel Index (in points)

0.51

3.28

0.002

Level of Intellectual Disability severe

-3.82

-2.51

0.016

Level of Intellectual Disability profound

-3.47

-1.78

0.082

Comfortable Walking Speed (m/s)

0.43

1.51

0.139

Model 1: R squared 0.67; adjusted R squared 0.58 (p<0.001); residual standard error: 3.53 on
36 degrees of freedom.
Model 2: R squared 0.67, adjusted R squared 0.63 (p<0.001); residual standard error: 3.35 on
41 degrees of freedom.
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The degree of linear dependency between mBBS, BI, CWS, COG was investigated by the
size of the inter correlations and their significance. Pearson correlation between mBBS
and BI was highly significant and moderately strong (mBBS-BI r = 0.63, p = < 0.001),
significant and moderate between mBBS and CWS (mBBS-CWS r = -0.36, p = 0.014), and
not significant and poor between mBBS and COG (mBBS-COG r = 0.10, p = 0.491).52 The
Pearson correlation between BI and CWS were highly significant and moderately strong in
size (BI-CWS r = -0.52, p = < 0.001).52 COG did not have signiﬁcant correlations with any
of the other assessments (COG-BI r = 0.26, p = 0.073 and COG-CWS r = -0.05, p =
0.738). A signiﬁcant correlation implies that pairs of variables are dependent whereas,
under normality of the data, a zero or non-signiﬁcant correlation indicates independence.

Figure 1. Graphical model of measurements mBBS, BI, CWS and COG.
The conditional dependencies from the graphical model are visualized in Figure 1. The
graph indicates that each of the four measurements depends on BI and that, given the BI
score of the participant, the measurements of mBBS and CWS are independent and,
given the BI score, the measurements of mBBS and COG are independent.
The graphical model clarifies the observation that mBBS is predicted better by BI and,
once BI is part of the regression, both COG and CWS are unimportant as explanatory
variables.
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Model 2 does not include COG and explains approximately 63% of the mBBS variance by,
among others, the BI. The concurrent validity of the mBBS is not sufficient with respect to
balance as measured by the COG. This finding is in accordance with the results from the
graphical model and the partial correlations.
Predictive validity
The box-and-whisker plots of mBBS scores for persons with and without falling incidents
are shown in Figure 2 which illustrates a complete overlap of mBBS scores from persons
with and without falling incidents. During the course of six months, thirty-seven
participants experienced no falling incidents; five participants experienced one fall; three
persons fell two times; two persons fell three times; one person fell six times; two
persons, eight times; and one person, 18 times. For three of the participants, data on
falling incidents were not available.

Figure 2. Box-and-whisker plots of mBBS scores for persons with and without falling
incidents.
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To evaluate the predictive validity of the mBBS to identify persons at risk of falling, hurdle
regression models for count data50 were used for fall incidents with explanatory variables
mBBS, BI, COG, CWS, and GMFCS. To determine if any of the other variables
distinguished fall incidents from no fall incidents, an independent t-test was performed.
Age appeared to be the only variable which distinguished fall incidents from no fall
incidents (mean age was 47 years for fall incidents; mean age was 40 years for no fall
incidents; p=0.027). Therefore, age was included in the model to account for the
overdispersion of zeros. The best model according to minimum AIC, given in Table 4,
indicates that COG and CWS were significant predictors of fall incidents and that the
mBBS had no additional predictive contribution.
Table 4. Count regression model to predict the response variable ‘number of falling
incidents’.
Incidence of falling

Z value

P value

Constant

Estimate
(regression
coefficient)
-0.5969

-0.529

0.5971

Centre of Gravity (points)

-0.1149

-2.550

0.0108*

Comfortable Walking Speed (sec)

0.4472

2.507

0.0122*

Age

0.0333

1.225

0.2206

*P value < 0.05

Discussion
The results demonstrate that, for persons with IVD, the concurrent validity of mBBS is not
sufficient for measuring balance nor for predicting a risk of falling. The mBBS is strongly
related to BI and ADL performance. It was discovered that Model 2 predicts
approximately 63% of the variance of the mBBS scores by the explanatory variables
GMFCS, BI, CWS, and level of intellectual disability. Age, visual impairment, and presence
of epilepsy have no influence on the scores of the mBBS. It was expected to ascertain a
relationship between the mBBS and CWS, COG, and BI.
The graphical model demonstrates that, once BI is a component of the regression
equation, CWS and COG have less predictive relevance. The results further show that
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mBBS is significantly and strongly related to the performance of activities in daily living
(BI). This finding is in accordance with Oppewal14 regarding the BBS.
In Model 1, the score for the CWS had no influence on the score of the mBBS which could
be due to the moderate sample size and the feasibility of the CWS. However, the CWS is a
major contributor to the model because the regression coefficient is relatively large
compared to the range of CWS scores. Furthermore, the finding that BI and COG are
dependent from the graphical model explains that BI is the most important in a linear
model with the mBBS as a response variable and the others as explanatory. It also
explains that, once BI is incorporated into the regression equation, then CWS and COG
are of minimal predictive importance.
For the participants, it was inconvenient to attempt to accomplish the CWS in one
direction each time as this led to a diminished walking pace and to even stopping at
times which may affect feasibility. Therefore, the participants walked back and forth while
performing the CWS, and gymnastics instructors were required to accompany several of
the participants to assist them in finding their way and helping them to understand what
was expected of them. It is noteworthy that the experienced gymnastics instructors only
guided the participants without giving them any physical support. For certain participants,
the COG was also difficult to perform. The Wii Balance Board is very sensitive, and the
participants were not allowed to move during the test which is very difficult for persons
with IVD. During testing, each participant required some form of additional explanation
that was more extensive than warranted by current protocols. Therefore, it may be a
recommendation to re-examine the protocols of the CWS and the COG in the future for
possible adaptations. In addition, further research should aim for testing the feasibility
and the reliability of the COG and the CWS in individuals with IVD.
The current data did not provide evidence for using the mBBS as a significant predictor of
fall incidents. This result is consistent with findings of Enkelaar20 in which the BBS could
not differentiate between those with a tendency to fall and those who do not fall and with
the findings of Oppewal21 who ascertained no relationship between the BBS and falls in
older adults with either mild or moderate ID. The findings reported in the literature on the
predictive validity of the original BBS in older adults are somewhat inconsistent. Berg18
found that, for older people, the BBS at baseline as well as visual deficits and a recent
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fall were significant predictors of the occurrence of multiple falls over the next year. It has
been determined that a score of 45 on the BBS is the designated point for determining a
greater risk of falls for older adults in general.19 However, according to another study of
Berg,17 the BSS does not reliably estimate the probability of falling.
Furthermore, it is worth noting that, in the current study, predictive validity is difficult to
precisely assess due to the type of data: the majority of the participants showed no
incidents of falling, and those participants with incidents of falling exhibited a wide range
of fall incidents. Although zero-inflated regression accounts for an extensive number of
zero fall incidents, the models may provide a systematic representation which clarifies
only part of the data. In the current study, a complete overlap of mBBS scores from
persons with and without fall incidents was shown. According to Berg,17 the BBS has
better discriminatory ability for identifying people sustaining recurrent or multiple falls
than identifying those among community-dwelling older people who fall once or sustain
an injury.
The limitation of this study is that, due to the exclusion criteria, only a rather minimal
number of participants in this study could be included for determining predictive validity.
Another limitation might be that data concerning weight and height were not collected,
whereby an insight into the homogeneity of this group and the comparison of body weight
with the test results were not possible. Over all, it is evident that further research will be
necessary with more participants in order to confirm our initial findings. In this future
research, the number of predictor variables is an important factor in determining the
minimum required sample size.53
In conclusion, the concurrent criterion and predictive validity of mBBS is not sufficient for
persons with IVD. Determining protocols of the CWS and the COG, adapting them, and
testing feasibility as well as reliability in individuals with IVD are recommended. A followup study should aim at aggregating further evidence concerning the predictive validity of
COG and CWS in a larger group of participants with IVD and identifying persons who have
experienced recurrent or multiple falls.
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Abstract
Background Sufficient physical fitness and physical activity levels are important to
maintain or improve health. However, for persons with (severe or profound) intellectual
disabilities (SPIVD), no data are available about changes in physical fitness over time. The
aim of our study was to gain insight into changes in physical fitness levels of persons with
SPIVD and Gross Motor Function Classification System (GMFCS) Levels 1 and 2 over a
ten-year period.
Methods Of 55 participants the modified Berg Balance Scale (mBBS), the adapted
Shuttle Run Test (aSRT), the six-minute walk distance test (6MWD), body composition and
waist circumference were measured. The test results were obtained from the clients'
medical records. Changes in physical fitness levels were analyzed with mixed model
estimation.
Results Over this ten-year period, BMI remained reasonably stable for persons with
GMFCS 1 and a slight decrease (-1.2 kg/m² p=<0.05) occurred for those with GMFCS 2.
Waist circumference increased (+2.9 cm p=0.05) for persons with GMFCS 1 while this
remained quite stable for the GMFCS 2 group. An increase on mBBS was shown for
persons with GMFCS 1 (3.7 points p=<0.001) and, for the GMFCS Group 2, mBBS
remained reasonably stable. Cardiorespiratory fitness levels remained quite stable for
both persons with GMFCS 1 and 2. However, low cardiorespiratory fitness levels were
ascertained in persons with SIVD.
Conclusion Physical fitness remains stable in persons with SIVD over a ten-year period.
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Introduction
Sufficient physical fitness and physical activity levels are important to maintain or
improve health.1 Sufficient health consequently improves well-being and quality of life.2,3
A higher level of physical fitness improves the ability to perform activities of daily living
(ADL).4,5 However, for individuals with intellectual disabilities (ID), additional
comorbidities occur twice as often compared to the general population.6 In addition,
persons with ID have a lower level of physical fitness compared to the general
population,7-9 and those with severe or profound ID (SPID) or severe or profound ID and
visual disability (SPIVD) have even lower physical fitness levels.7,10,11
Health-related components are body composition, cardiorespiratory fitness, flexibility,
muscle strength, and muscle endurance.12 Individuals with low levels of these
components are at risk for developing medical problems, chronic diseases, and
mortality.1,9,12,13 The recommended components for measuring physical fitness for
persons with SPIVD and Gross Motor Function Classification System (GMFCS) levels 1
and 214,15 are body composition, cardiorespiratory fitness, muscle strength, and
balance.16
The life expectancy of individuals with ID is increasing,17,18 however, daily functioning
decreases with increasing age.19,20 Individuals with ID have low physical fitness levels
over their lifetime,7-9, 21 and the degree of dependency increases with older age.5,22 Also,
the aging of persons with ID begins at a much younger age compared to the general
population,23 i.e., persons with ID who are aged over 50 years have as many deficits as
persons without ID who are aged over 70.23 Furthermore, individuals with ID show a
greater tendency toward de-conditioning and morbidity.24
Since no data is available for persons with SIVD about trends in time with regard to aging,
it is important to investigate whether these early signs of aging also apply for this group
as this may affect their frailty. Comprehensive insight into physical fitness levels of
persons with SPIVD measured over several years is necessary to identify the course of
physical fitness over a long-term period in order to discover which components of physical
fitness should be improved and to gain insight into their need for support and care.
The purpose of this study is to gain insight into changes in physical fitness levels of
persons with SPIVD over a ten-year period.
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Method
Design
A retrospective study was conducted to examine the changes in physical fitness levels of
persons with SPIVD and GMFCS Levels 1 and 2 over a ten-year period over pairs of years
which yielded five measurement moments. All of the aggregated test results could be
obtained from the clients' medical records because the physical fitness tests were a
component of their regular screening.
From 2008, the participants performed, as a regular screening policy, the modified Berg
Balance Scale (mBBS), the adapted Shuttle Run Test (aSRT) and the six-minute walk
distance test (6MWD). These tests were always performed with at least 48 hours in
between them to provide time for sufficient rest. The tests were performed with adapted
protocols due to the severity of intellectual disability in combination with the visual
impairment.16 All of the participants were guided by a familiar personal caretaker and
observer. The measurements of body composition and waist circumference were
performed by a member of the support staff who was associated with the group of each
participant.
Due to their differences in motor skills, participants with GMFCS Level 1 performed the
aSRT, and those with level 2 performed the 6MWD to measure cardiorespiratory fitness.
Persons with GMFCS Level 1 and GMFCS Level 2 are both able to walk without devices,
however, persons with GMFCS Level 2 are limited in walking long distances, in
maintaining their balance and, when climbing and walking down the stairs, they need to
use the handrail which those with GMFCS Level 1 do not.14,15
Participants
Participants lived in a residential care facility for the profoundly and severely intellectually
and visually disabled in the Netherlands. Of the residents of this facility, 65% have motor
disabilities.
Inclusion criteria for using the results of the screening consisted of having a moderate,
severe, or profound intellectual disability (ID) according to the ICD-1013 and visual
disabilities (‘partially sighted to blind’).13 Participants classified according to the Gross
Motor Function Classification System (GMFCS)14,15 into Level 1 or 2 were included. The
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GMFCS is a five-level system utilized to classify the severity of motor disabilities in
persons with intellectual and physical disabilities.14,15 Participants with GMFCS Level 1
can generally walk without restrictions but tend to be limited in more advanced motor
skills. Participants with GMFCS Level 2 walk with slight restrictions such as being unable
to spontaneously increase their speed during walking. As the physical fitness tests used
in this study are intended for persons with SPIVD and GMFCS Levels 1 and 2,16 those
residents could participate in this study. The locomotor skills of residents with GMFCS
Levels 3 to 5 are very limited, therefore, had to be excluded.
Exclusion criteria for performing the regular physical fitness screening consisted of
mental or physical health issues that prevented the client from participating such as
psychoses, depression, or other severe psychological problems including behavioural and
prolonged stress; somatic diseases defined as chronic diseases and/or diseases that are
not resolved in a short period of time such as osteoarthritis, osteoporosis, pneumonia,
and general illness or fever; taking antibiotics; worsening of asthma or epilepsy as
signified with recent insult or epileptic fits; fresh wound(s)/bruise(s) or other factors
causing pain during movement; and, finally, stress as evidenced by a participant’s
behavior shortly prior to the date of measurement. These issues were examined and
brought forward by a physician specialized in intellectual disabilities in collaboration with
a health care psychologist.
The legal representatives were asked in 2008 if they gave consent for participation of the
person they represented in the physical fitness screening program. Before data
collection, we requested written consent from the participants’ representatives for using
the data obtained by the regular physical fitness screening.
Information was collected from the clients’ medical records on gender, age, level of ID,
level of GMFCS, and visual impairment as well as the presence of a hearing impairment,
orthopedic defects, spastic paresis, and epilepsy. The degree of visual impairment was
categorized as partially sighted or severely visually impaired to blind. These
characteristics were determined and categorized by a physician specialized in intellectual
disabilities in collaboration with a health care psychologist and described in the results
section.
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Ethical statement
This study was performed in accordance with the guidelines of the Helsinki Declaration.25
The tests that were included were a component of the regular screening policy in
consultation with management and client representatives of the residential care facility.
All of the participants were unable to provide consent. Therefore, extra attention was
given to:
1) Obtaining informed consent from legal representatives and caregivers of all of the
participants for engaging in the screening program with regard to the physical fitness
tests and before data collection for using the data for the present study;
2) Formulating excluding criteria and contra-indications in close collaboration with a
physician specialized in intellectual disabilities and a health care psychologist for
participation in the screening program and for performing the specific tests throughout
the years.
3) Performing the physical fitness tests. The tests were performed in accordance with the
behavioural code section entitled ‘Resistance among people with an intellectual disability
in the framework of the Act Governing Medical-Scientific Research Involving Humans’.26
Consistent distress or unhappiness was interpreted as a sign of lack of consent, and
further participation in the tests was reconsidered.
Measurements and Protocols
Prior to the physical fitness tests that were performed throughout the years, the
observers and personal caretakers of the participants completed a checklist covering all
of the exclusion criteria. Participants did not participate during that specific year or time if
they exhibited any of that criteria.
Body composition
Body weight
To determine body weight, participants were requested to remove heavy clothing and
shoes before standing on an electronic calibrated gauged pair of scales (Weigh plateau
for wheelchairs PM-9050, Lopital Nederland BV, Oisterwijk, the Netherlands). Participants
who were unable to stand independently without moving (e.g., because of anxiety) were
weighed while sitting in a wheelchair.27
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Body height
To establish body height, participants were requested to sit in a chair with knees flexed at
90 degrees. The medial malleolus and the proximal end of the tibia were palpated, and
the distance (cm) between these points was measured with a measuring tape.
The participant’s body height was calculated by measuring tibia length and using either of
the formulas; 74.008 + (1.841 x tibia length) + (0.389 x weight) (men) or 74.008 +
(1.841 x tibia length) + (0.389 x weight) - (3.787) (women). This yields a feasible and
reliable (ICC 0.99) method to measure body height for persons with SIVD.27
Body Mass Index (BMI)
BMI was calculated for body composition. The correlation between BMI and body fat is
strong, however, it varies by gender, race, and age.28,29 A BMI between 25 kg/m² and 30
kg/m² was defined as being overweight and a BMI ≥ 30 kg/m² as being obese.30,31 The
BMI is a feasible and reliable (ICC 0.98) method to measure body composition in persons
with SIVD.27
Waist circumference (Wcf)
To determine waist circumference, a measuring tape (Seca 201 tape measure, accurate
at the 0.1 cm level, Hamburg, Germany) was used. Waist circumference was measured at
the point located halfway between the iliac crest and the tenth rib. Two measurements
were taken, i.e., one at inspiration and one at expiration. The average of the resulting
values was used for further analysis.27 Central obesity was defined from 102 cm for men
and from 88 cm for women.30,31 The feasibility of these body composition measurements
was sufficient for persons with SPIVD with a percentage of success measurements
greater than 95%.27 The reliability of the waist circumference in persons with SPIVD was
sufficient (ICC 0.97) with no significant differences between test and retest.10
Physical fitness performance
Modified Berg Balance Scale (mBBS)
The mBBS32 consists of ten items. The performance on each of these items is scored on
a 5-point ordinal scale (0-4 points) whereby a score of 0 denotes the inability to perform a
task and a score of 4 indicates the ability to complete the task according to the
established criterion. The maximum mBBS score is 40 points. If a participant did not
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understand a task, that task was excluded from the total score. The feasibility of the
mBBS was sufficient for persons with SPIVD with a percentage of success measurements
of 92% and having sufficient test-retest reliability (ICC 0.95).32 Further information about
the mBBS, including a brief overview of the test items, is listed in Appendix A.
Adapted Shuttle Run Test (aSRT) 2007-2009
Incremental speed walking tests are effective measures of aerobic capacity in healthy
persons and in individuals with chronic conditions.33,34
The start speed of the aSRT was 3 km/h and was increased every minute by 0.25 km
/hour.11 Any increase in speed was called a step. At the time that the test was stopped,
the number of successfully completed steps represented the participant’s level of aerobic
capacity. Further information about the aSRT, including the aSRT-course, is shown in
Appendix B.
The feasibility of the aSRT is sufficient for persons with SPIVD and GMFCS-level 1 with a
percentage of success measurements of 96%.11 Its reliability for persons with GMFCS 1
was sufficient with no significant differences between test and retest (p<0.05), and ICC
for the test-retest was 0.96 but not in persons with GMFCS-level 2. Therefore, the aSRT
was only performed by individuals with GMFCS level 1.
However, since an aSRT on the ground has limited validity in regard to the purpose of the
test being to measure HRpeak,16 the aSRT was adapted to a treadmill protocol (GTX).11
This test is a feasible, reliable, and valid method for determining the HRpeak as well as
the number of levels attained for persons with SPIVD and GMFCS-level 1.11 Therefore,
from 2010 to 2017, the aSRT measurements were performed on a treadmill (GTX).
Adapted Shuttle Run Test (aSRT) 2010-2017 - GTX
Participants walked on a treadmill with a starting speed of 3 km/hour. Every minute, the
speed was increased by alternating steps of 0.3 and 0.2 km /hour to reach the next level.
These levels were comparable to the levels of the aSRT.11 The test leader had preprogrammed the treadmill with the GXT-protocol.
The feasibility of the GTX on the treadmill was sufficient for persons with SPIVD and
GMFCS Level 1 with the percentage of success measurements of 86.6%.16 The reliability
of the GTX in persons with SPIVD and GMFCS Level 1 was previously reported as
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sufficient (p<0.05, ICC 0.95). The validity of the GTX for measuring cardiorespiratory
fitness was determined to be sufficient.16 Further information about the aSRT-GTX is
reported in Appendix C.
6-minute walk distance test (6MWD)
Participants with GMFCS Level 2 performed the 6MWD test on a 36-meter course that
was located in a gymnasium. The participants walked six minutes at a self-chosen pace
and attempted to cover as much distance as possible without running. Gymnastics
instructors accompanied the participants and helped them to find their way. This
adaptation was necessary due to the intellectual disability combined with visual
impairment. The participants were encouraged in a standardized way. The total distance
covered measured a participant’s level of functional exercise capacity.
The feasibility of the 6MWD test was sufficient for persons with SPIVD with a percentage
of success measurements of 96%.11 The reliability of the 6MWD in these persons was
sufficient (ICC 0.92) with no significant differences between test and retest (p<0.05).11
Further information about de 6MWD, including the 6MWD- course, is shown in Appendix
D.
Data preparation
The measurements were conducted by the testing over a period of ten years. Because
participants have not been measured annually but monitored over the ten-year period, we
clustered the monitored measurements over pairs of years in order to obtain insight into
the time effect (time effect 1 is 2008-2009; 2 is 2010-2011; 3 is 2012-2013; 4 is 20142015; and, 5 is 2016-2017). For each participant, the mean of each outcome variable
with each pair of years was determined for further analysis. In the event that no
measurements were available in that two-year period, this participant was not included in
the analysis for that two-year period (-9 unseen time). We scored the number of
measurement moments over the ten-year period per two years of each participant. We
assumed that three to five measurement moments were necessary/appropriate to gain
insight into changes in physical fitness levels of the participants in this study. The number
of those who withdrew was also recorded.
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Data analyses
All of the statistical analyses were performed using the Statistical Package for Social
Studies (SPSS) version 22 for Windows and the statistical programming language
Reversion 3.4.0.35
Changes in physical fitness levels were analyzed with a mixed model estimation using
random intercepts for participants.36 P < 0.05 is considered statistically significant.
Due to different levels of motor skills, we analyzed the changes in physical fitness
separately for the groups with GMFCS Levels 1 and 2.
Results
Written consent was obtained from the representatives of 84 candidates to participate in
the screening program. Written consent to collect data of the physical fitness screening to
use in the present study was requested from these representatives and actually received
from 72 of them. Seventeen individuals had to be excluded for medical or behavioural
reasons prior to the beginning of the screening program. Overall, of the 55 participants
who started with the screening program, informed consent of their representatives to use
these data for the present study was obtained. This group of 55 participants comprised
19 females with a mean (SD) 41.2 (11.4) years of age, with a minimum age of 16 and a
maximum 62. The 36 male participants had a mean (SD) age of 38.9 (12.1) with a
minimum age of 18 and a maximum of 61. In addition, 36 of the participants were
classified within GMFCS-level 1 and 19 in GMFCS-level 2. The characteristics of all of the
persons starting in the screening program are shown in Table 1.
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Table 1. Characteristics of the participants (2008, N=55).

Gender, N (%)
Male
Female
Age, Mean, ± SD
Intellectual disability, N (%)
Moderate
Severe
Profound
Visual Impairment, N (%)
Blind/severe partially sighted
Partially sighted
Auditory Impairments, N (%)
Normal hearing
Hearing loss
Orthopedic defects, N (%)
Present
Absent
Spastic paresis, N (%)
Present
Absent

Total
N=55

GMFCS-level 1
N=36 (65.5%)

GMFCS-level 2
N=19 (34.5)

36 (65.5%)
19 (34.5%)
39.7 ±11.8

24 (66.7%)
12 (33.3%)
38.2 ±12.7

12 (63.2%)
7 (36.8%)
42.6 ±9.6

3 (5.5%)
44 (80%)
8 (14.5%)

3 (8.3%)
29 (80%)
4 (11.1%)

15 (78.9%)
4 (21.1%)

31 (56.4%)
24 (43.6%)

24 (66.7%)
12 (33.3%)

7 (36.8%)
12 (63.2%)

36 (65.5%)
19 (34.5%)

24 (66.7%)
12 (33.3%)

12 (63.2%)
7 (36.8%)

32 (58.2%)
23 (41.8%)

18 (50%)
18 (50%)

14 (73.7%)
5 (26.3%)

4 (7.3%)
51 (92.7%)

2 (5.6%)
34 (94.4%)

2 (10.5%)
17 (89.5%)

GMFCS: Gross Motor Functioning Classification System

Unfortunately, four participants could not participate in the screening program for the
entire ten-year period: in 2011, two participants (GMFCS 1) moved outside the residential
care facility; in 2013, one participant passed away (GMFCS 1); and, in 2015, one
participant (GMFCS 1) moved outside the residential care facility. In addition, three
participants could not participate regarding the performance tests for the entire ten-year
period: from 2009, one participant (GMFCS 2) was no longer able to carry out the
performance tests due to physical complaints; from 2012, the informed consent was
withdrawn by the participant’s representative (GMFCS 1) with respect to the performance
tests; and, from 2015, one participant (GMFCS 1) was no longer able to engage in the
performance tests due to physical complaints.
The number of participants with zero to five available measurements over the ten-year
period over pairs of years are displayed in Table 2 for GMFCS group 1 and in Table 3 for
those with GMFCS 2.
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Table 2. Number of available measurements over a ten-year period over pairs of years
yielding five measurement moments for GMGCS group 1 (N=36) for BMI, Wcf, mBBS and
aSRT.
Number of measurements

BMI

Wcf

mBBS

aSRT

0, N (%)

--

--

3 (8.3%)

--

1, N (%)

--

7 (19.4%)

5 (13.9%)

5 (13.9%)

2, N (%)

4 (11.1%)

7 (19.4%)

5 (13.9%)

8 (22.2%)

3, N (%)

3 (8.3%)

6 (16.7%)

8 (22.2%)

9 (25%)

4, N (%)

6 (16.7%)

7 (19.4%)

6 (16.7%)

5 (13.9%)

5, N (%)

23 (63.9%)

9 (25%)

9 (25%)

9 (25%)

BMI: Body Mass Index; Wcf: waist circumference; mBBS: modified Berg Balance Scale; aSRT: adapted
Shuttle Run Test

Of the participants with GMFCS 1, 11 participants partly performed the aSRT and the
6MWD instead of executing the aSRT over the ten-year period.
Table 3. Number of available measurements over a ten-year period over pairs of years
yielding five measurement moments for GMGCS group 2 (N=19) for BMI, Wcf, mBBS and
6MWD.
Number of measurements

BMI

Wcf

0, N (%)

--

1 (5.3%)

3 (15.8%)

1, N (%)

--

1 (5.3%)

1 (5.3%)

4 (21.1%)

2, N (%)

--

1 (5.3%)

2 (10.5%)

3, N (%)

--

--

mBBS

1 (5.3%)

3 (15.8%)

6MWD
--

--

4, N (%)

3 (15.8%)

2 (10.5%)

3 (15.8%)

4 (21.1%)

5, N (%)

16 (84.2%)

14 (73.7%)

8 (42.1%)

9 (47.4%)

BMI: Body Mass Index; Wcf: waist circumference; mBBS: modified Berg Balance Scale;
6MWD: 6-Minute Walk Distance test

The percentages with three to five measurement moments were, for participants with
GMFCS 1, 88.9% for BMI, 61.1% for Wcf, 63.9% for mBBS and 63.9% for the aSRT. For
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persons with GMFCS 2, these percentages were 100% for BMI, 89.5% for Wcf, 73.7% for
mBBS, and 68.5% for the 6MWD.
For the entire group, the initial values (2008) for BMI and waist circumference were
calculated, and these results are shown in table 4. The percentage who were overweight
(BMI 25-30 kg/m²) of all of the participants was 29.6%; this percentage was 22.2% for
men and 41.2% for women. Regarding obesity, 6.8% of all of the participants had a BMI ≥
30 kg/m² of which 0% were men and 17.6% were women. The percentage of men with
central obesity was 8% and 41.2% of women.
Table 4. Percentages of participants with overweight, obesity, and central obesity in
2008, total (n=55) and divided into male (n=36) and female (n=19).
Body composition

Total

Male

Female

BMI, mean, SD

24.6 ± 3.4

23.5 ± 2.4

26.3 ± 4.0

BMI < 25, %

63.6%

77.8%

41.2%

Overweight BMI 25-30, %

29.6%

22.2%

41.2%

6.8%

0%

17.6%

Obesity BMI ≥ 30, %
Waist circumference (Wcf), mean, SD

86.0 ± 9.5

Central Obesity Waist circumference (Wcf), %

-

86.0 ± 9.9
8%

86.1 ± 9.1
41.2%

BMI: Body Mass Index (kg/m²); Wcf: waist circumference (cm)

Body composition
Over the ten-year period, a mixed model analysis revealed that BMI remained reasonably
stable for persons with GMFCS 1. As for those with GMFCS 2, a slight decrease (-1.2
kg/m² p=<0.05) was shown. However, waist circumference increased (+2.9 cm p=0.05)
over this ten-year period for persons with GMFCS 1 while it remained quite stable for the
GMFCS 2 group.
Participants classified in GMFCS Level 2 had lower BMI compared to those with GMFCS
Level 1, and we found that women had higher BMI than men (female: 26.3 kg/m², SD 4.0
and male: 23.5 kg/m² SD 2.4).
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Physical fitness performance
Over this ten-year period, individuals with GMFCS 1 increased on mBBS with 3.7 points
(p<0.001). From time effect 3, corresponding to 2012/2013, a significant increase in
mBBS was observed. For persons with GMFCS Level 2, the mBBS remained reasonably
stable with a slight increase especially at time point 3 (2012-2013) of 2.4 points
(p<0.05) after which this increase slightly decreases in the consecutive years. The
participants with GMFCS 2 had lower scores on mBBS compared to those with GMFCS
Level 1.
The levels of the aSRT remained quite stable for the GMFCS group 1 over the ten-year
period with an increase of 2.8 levels (p<0.001) in time effect 2 (2010-2011). This
increase declined in the following years to the initial values. For the participants with
GMFCS 2, the scores on the 6MWD increased by 31 meters over this ten-year period.

In our study group, body composition and physical fitness levels remained stable for a
long-term period with a slight improvement on mBBS and an increase of waist
circumference for the GMFCS Group 1.
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0.0

0.0

-0.1

-0.3

Time effect 2 (2-1)

Time effect 3 (3-1)

Time effect 4 (4-1)

Time effect 5 (5-1)

-1.0

-0.9

-0.7

-0.7

23.7

0.5

0.6

0.8

0.7

25.5

CI 2.5% - 97.5%

2.9*

2.9**

1.9

2.3

88.9

Wcf
b

0.8

0.9

-0.4

-0.3

85.5

5.1

4.9

4.2

4.8

92.2

CI 2.5% - 97.5%

3.7***

3.4***

3.4***

-0.4

31.0

mBBS
b

2.2

1.9

2.0

-2.0

29.4

5.2

5.0

4.9

1.1

32.9

CI 2.5% - 97.5%

Physical fitness performance

0.2

0.0

1.0*

2.8***

10.6

aSRT
b

-1.0

-1.2

0.0

1.9

9.4

1.3

1.2

2.0

3.7

11.7

CI 2.5% - 97.5%

BMI: Body Mass Index (kg/m²); Wcf: waist circumference (cm); mBBS: modified Berg Balance Scale (points); aSRT: adapted Shuttle Run Test (level); ID: Intellectual
Disability; GMFCS: Gross Motor Functioning Classification System; b: Estimated coefficient; CI: Confidence Interval; * p < 0.05; **p < 0.01; ***p<0.001

24.6

BMI
b

Body composition

Intercept

GMFCS-level 1 (n=36)

Table 5. Time effect on outcome variables BMI, Wcf, mBBS and aSRT for GMFCS group 1.
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-1.4*

-1.4*

-1.2*

-1.2*

Time effect 2 (2-1)

Time effect 3 (3-1)

Time effect 4 (4-1)

Time effect 5 (5-1)

-2.3

-2.3

-2.5

-2.5

22.1

-0.1

-0.1

-0.4

-0.3

25.1

CI 2.5% - 97.5%

0.6

0.0

-1.6

-3.2*

85.6

Wcf
b

-1.8

-2.4

-4.0

-5.7

80.9

3.0

2.4

0.9

-0.6

90.2

CI 2.5% - 97.5%

1.1

1.3

2.4*

-0.2

24.5

mBBS
b

-0.7

-0.6

0.6

-2.2

21.8

2.9

3.2

4.1

1.8

27.0

CI 2.5% - 97.5%

Physical fitness performance

31.0

2.6

21.1

14.0

325.2

6MWD
b

-13.9

-43.7

22.0

-29.2

276.0

76.3

49.2

64.4

57.4

374.2

CI 2.5% - 97.5%





BMI: Body Mass Index (kg/m²); Wcf: waist circumference (cm); mBBS: modified Berg Balance Scale (points); 6MWD: 6-Minute Walk Distance test (m); ID: Intellectual
Disability; GMFCS: Gross Motor Functioning Classification System; b: Estimated coefficient; CI: Confidence Interval; * p < 0.05; **p < 0.01; ***p<0.00

23.6

BMI
b

Body composition

Intercept

GMFCS-level 2 (n=19)

Table 6. Time effect on outcome variables BMI, Wcf, mBBS and 6MWD for GMFCS-group 2.
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Discussion
The purpose of this study was to gain insight into changes in the physical fitness levels of
persons with SPIVD and GMFCS Levels 1 and 2 over a long-term period. Our results show
that body composition and physical fitness levels remained stable or improved slightly
(mBBS for GMFCS 1) during this ten-year period with waist circumference for the GMFCS
1 group as the only exception.
Our results indicate that BMI remained reasonably stable over the ten-year period for the
entire group in which a slight decrease in BMI was observed for the participants with
GMFCS 2. This is different compared to the general population in which, with the increase
of age, BMI also increases as well as the percentage of those who are overweight and
obese for both men and women.37 Unlike the older persons with ID and the Dutch general
population aged 50 to 70 years, the participants of the present study show a lower
percentage of men being overweight (SIVD; 22.2% - ID; 39.2% Dutch General; 47.7% )
compared to women (SIVD; 41.2% - ID; 37.1% - Dutch General; 35.3%) and, similar to the
comparative studies, the percentage of women being obese (SIVD; 17.6% - ID; 38.0% Dutch General; 14.8%) is higher compared to men (SIVD; 0% - ID: 13.7% - Dutch General;
13.2%) respectively.30,38 Also, women with SIVD have a higher mean BMI (26.3 kg/m² SD
4.0) with respect to men (23.5 kg/m² SD 2.4) at the beginning point in 2008. This higher
BMI for women compared to men deviates from the general population,37 however, it is
the norm for persons with ID.39 The stable BMI and the lower percentage of obese
individuals with SIVD (6.8%) compared to persons with ID (25.6%)30,38 may be clarified by
the severity of the ID and additional visual disability; all food and beverages are provided
by the direct support persons of the residential care facility, and there are only minimal
opportunities to obtain other foods or drinks. This is different for persons with less severe
mental disabilities who more independently determine their diet. However, our research
group is also relatively small compared to the comparative studies. Participants classified
in GMFCS Level 2 had a lower BMI compared to those with GMFCS Level 1. An
explanation of the higher percentage of individuals with GMFCS 1 who are overweight
might be that the degree of dependence on the amount of food and beverage intake
within a residential care facility is less due to their motor abilities and possibly also to
their cognitive possibilities.5
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Regarding waist circumference, our results indicate an increase over the ten-year period
for persons with GMFCS 1 as the BMI for those with GMFCS 1 remained stable. Waist
circumference is an indicator of abdominal fat, and it is an important predictor of health
risks40 which makes it an important issue to focus on in the residential care facility. In our
participants, 21.4% have central obesity (Wcf males > 102 cm, females > 88cm) which is
not as high as when compared to older persons with ID (43.7%) as well as to the Dutch
general population aged 50 to 70 years (43.9%).37,41 However, it has been shown that
the percentage of women having central obesity is higher compared to men for both older
persons with ID and the older general population as well as for the participants in this
study. The increase of waist circumference over the ten-year period for the GMFCS 1
group and the percentage of women having central obesity compared to men emphasizes
the importance of monitoring weight and waist circumference especially in women.
Our results indicate that mBBS as an outcome variable of physical fitness increased for
persons with GMFCS Level 1 and that mBBS scores remained reasonably stable for
persons with GMFCS Level 2. Participants with GMFCS Level 2 had lower scores on mBBS
compared to those with GMFCS Level 1. According to the GMFCS classification,
participants with level 1 can generally walk without restrictions and may have better
balancing skills compared to participants with level 2 who can walk with slight
restrictions.14,15 The increase of mBBS can possibly be explained by the fact that, in 2011
and 2012, a number of intervention studies were conducted for improving balance in
which both persons with GMFCS Level 1 and level 2 participated. Also, in 2011, the direct
support in the residential care facility was focused on the daily practice of healthy
physical activity and healthy nutrition of their residents. There was no negative effect of
time on the scores of mBBS scores.
The results of aSRT for persons with GMFCS 1 remained virtually stable. In 2010-2011,
an increase of 2.8 levels was seen which declined in the following years to the initial
values. This can possibly be explained by the intervention programs and the policy of the
residential care facility as mentioned in the discussion of the mBBS. Our data showed
that, of the participants with GMFCS 1, 11 participants partly performed the aSRT and the
6MWD instead of executing the aSRT over the ten-year period. It is not clear what caused
these changes in testing. It could be that the aSRT was too extensive for these
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participants to perform. In that case, a recommendation would be to reassess the GMFCS
classification of these participants to determine whether this has possibly changed in
recent years.
The results of 6MWD for persons with GMFCS Level 2 increased by 31 meters. However,
Oppewal and colleagues found that cardiorespiratory fitness levels of persons with ID do
decrease with age, although these decreases may be less steep than in the general
population.42 The absence of a decline in the cardio respiratory fitness (aSRT and 6MWD)
might occur because the scores on these physical tests are already very low as a starting
value. In this study, the mean distance on the 6MWD was 336 meters (SD 92) over ten
years (87 measurements) and, in another study with persons with SIVD, a mean distance
of 389 meters (SD 107) was found.10 This corresponds to averages of persons with COPD
(369 m SD 18)43 where individuals with heart failure had an average of 419 meters (SD
120)44 and the mean distance of healthy elderly persons was 631 meters (SD 93)45 The
results of our study on 6MWD are comparable or somewhat lower than for persons with
specific (chronic) health conditions. These low scores indicate a low functional exercise
capacity of persons with SPIVD and GMFCS 2 which has an influence on their daily life.
Regarding the scores on the aSRT for the GMFCS 1 group, it is difficult to compare the
achieved levels with other groups because it concerns a specifically adapted test for
persons with SPVID and GMFCS 1. However, overall studies showed that
cardiorespiratory fitness levels for persons with ID are low compared to their peers
without ID43 and that persons with SPIVD walk at a slower pace compared to their sameaged peers without severe/profound ID.5
A limitation of this study is the relatively small sample size and the number of missing
measurements over the course of ten years. However, it seems unlikely that this has
influenced the results of the analysis by mixed modeling as no participants were excluded
due to not having completed all of the measurements. It seems that there was enough
data to keep track of the course of physical fitness levels of persons with SPIVD and
GMFCS 1 and 2 levels over a long-term period.
In conclusion, for persons with SPIVD and GMFCS-levels 1 and 2, body composition and
physical fitness levels remained stable or improved slightly over a long-term period where
an increase in waist circumference for persons with GMFCS 1 and a higher percentage of
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women being obese compared to men was observed. Low cardiorespiratory fitness levels
were determined for persons with SIVD.
For future research, it is recommended to repeat a comparable study with a larger group
of this population and to measure in decades to investigate the changes in body
composition and physical fitness with aging for persons with SIVD in order to compare
these results with aging in the general population.
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Appendix A
The modified Berg Balance Scale (mBBS)
The mBBS is an adjusted scale that has been proven to be a feasible and reliable test for
persons with intellectual and visual disabilities (IVD).32 The original BBS consists of 14
items,46 however, for persons with IVD, some of these tasks were too difficult to perform,
for example, tandem standing, reaching forward while standing, turning one’s trunk while
feet are fixed, and standing with eyes closed.32 Therefore, the protocol was slightly
modified by excluding these four components and adding the following two new items;
walk on a thin line and walk on a gym bar (width 30 cm, 40 cm above the floor). These
two items were added because the participants did these tasks during the gymnastics
exercise and, as a result, were familiar with them.32 After determining the feasibility and
the test-retest reliability, the items walking on a thin line and walking on a gymnastics
beam (width 30 cm, 40 cm above the floor) were excluded because these items were not
feasible or reliable.32 As a result, the final mBBS consists of ten test items which are
shown in Table 1 below.
Table 1. Ten test items of the modified Berg Balance Scale.
Number

Test item

1

Sitting unsupported

2

Change of position: sitting to standing

3

Change of position: standing to sitting

4

Transfers

5

Standing unsupported

6

Standing with feet together

7

Turning 360 degrees

8

Retrieving objects from floor

9

Standing on one leg

10

Walking on a gymnastic beam

The performance on each of these items is scored on a 5-point ordinal scale (0-4 points)
whereby a score of 0 denotes the inability to perform a task and a score of 4 the ability to
complete the task according to the established criterion. The maximum mBBS score is 40
points. If a participant did not understand a task, it was excluded from the total score.
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The feasibility of the mBBS was sufficient for persons with SPIVD with a percentage of
success measurements of 92% having sufficient test-retest reliability (ICC 0.95). 32

Appendix B
The adapted Shuttle Run Test (aSRT)
Incremental speed walking tests are effective methods to determine the aerobic capacity
of both healthy individuals and persons with chronic health conditions.33,34 To perform
these tests, participants must walk or run between two markings (start and finish) at a
distance of ten meters and a certain incremental speed determined by a signal played by
a CD player.
The start speed of the adapted Shuttle Run Test (aSRT) was 3 km/h which was increased
every minute by 0.25 km /hour.11 Any increase in speed was called a step. At the time the
test was stopped, the number of successfully completed steps represented the
participant’s level of aerobic capacity. The course of the aSRT consisted of an oval curve
with two markings at the start and finish and was located in a gymnasium. (Figure 1,
shown below). The participants walked between these two markers that demarcated the
ten-meter course at an established incremental speed determined by an audio signal
played from a standard CD player. The instructors accompanied all of the participants to
help them adjust their pace to the audio signal and to maintain a minimal stress level for
them. The adjustments to the course and the accompaniment of the participants were
necessary due to the intellectual disability combined with visual impairment. At the end of
each step, the participants were told to walk a little faster. The test was finished when
participants were on two consecutive paced signals more than 1.5 m away from the end
marker.
The feasibility of the aSRT is sufficient for persons with SPIVD and GMFCS-level 1 with a
percentage of success measurements of 96%.11 The reliability of the aSRT in persons
with GMFCS 1 was sufficient with no significant differences between test and retest
(p<0.05) and ICC for the test-retest 0.96 but not in persons with GMFCS-level 2. 




16439-Dijkhuizen_BNW.indd 96

03-05-19 08:27



Radius (R)=1 Meter
Distance between Start and Finish (half a round) = 6.86 m + ½ (2пR) = 6.86 + 3.14= 10 m

Figure 1. Course aSRT
However, the aSRT performed on the ground has limited validity being that the purpose of
the test is to measure HRpeak.16 Therefore, it was adapted to a treadmill protocol
(GTX).11 This test is a feasible, reliable, and valid way to determine HRpeak as well as the
number of levels attained for persons with SPIVD and GMFCS-level 1.11

Appendix C
The adapted Shuttle Run Test-GTX (aSRT-GTX)
Participants walked on a treadmill with a starting speed of 3 km/hour. Every minute, the
speed was increased by alternating steps of 0.3 and 0.2 km /hour to reach the next level.
These levels were comparable to the levels of the aSRT.11 The test leader had preprogrammed the treadmill with the GXT-protocol. All of the participants practiced walking
on the treadmill at least twice before being tested. The specially trained gymnastics
instructor accompanied the participant to the treadmill and attached the safety cord. The
gymnastics instructor explained the procedure. To ensure safety, the instructor positioned
himself behind the participant, with a foot on each side of the treadmill. The test
administrator checked the watch and stayed one meter on the side of the participant
during the entire test procedure. The treadmill (GTX) test was performed in a gymnasium
where other clients were doing workouts. Once a week, the treadmill was calibrated to
guarantee reliability. Participants continued the test until volitional exhaustion. The test
was finished in three possible ways: when the participant insisted on stopping or refused
to continue, when the predicted HRpeak was obtained,47 or when the safety pin was pulled.
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The level maintained during the last full minute was counted as the highest attained
level.
The feasibility of the GTX on the treadmill was sufficient for persons with SPIVD and
GMFCS-level 1 with a percentage of success measurements of 86.6%.16 The reliability of
the GTX in persons with SPIVD and GMFCS-level 1 was previously reported as sufficient
(p<0.05, ICC 0.95). The validity of the GTX for measuring cardiorespiratory fitness was
found to be sufficient.16

Appendix D
The six-minute walk distance test (6MWD)
The six-minute walk distance test (6MWD) is a reliable test to measure the functional
exercise capacity of participants with different health conditions.43,45 While performing
the 6MWD, the participants are required to walk as far as possible within a period of six
minutes without running. The distance covered during the test, measured in meters, was
used as the outcome measure.
The 6MWD test was executed on a 36-meter course (Figure 2, shown below) located in a
gymnasium. The participants walked six minutes at a self-chosen pace and attempted to
cover as much distance as possible without running. Gymnastics instructors
accompanied the participants to help them find their way. This adaptation was necessary
due to the intellectual disability combined with visual impairment. The participants were
encouraged in a standardized way. The total distance covered measures a participant’s
level of functional exercise capacity.
The feasibility of the 6MWD test was sufficient for persons with severe or profound
intellectual and visual disabilities (SPIVD) with a percentage of success measurements of
96%.11 The reliability of the 6MWD in these persons was sufficient (ICC 0.92) with no
significant differences between test and retest (p<0.05).11
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Figure 2. 6MWD course, total distance of 36 meters
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Abstract
Background A feasible and reliable instrument to measure strength in persons with
severe intellectual and visual disabilities (SIVD) is lacking. The aim of our study was to
determine feasibility, learning period and reliability of three strength tests.
Methods Twenty-nine participants with SIVD performed the Minimum Sit-to-Stand Height
test (MSST), the Leg Extension test (LE) and the 30 seconds Chair-Stand Test (30sCS),
once per week for 5 weeks. Feasibility was determined by the percentage of successful
measurements; learning effect by using paired t test between two consecutive
measurements; test–retest reliability by intraclass correlation coefficient and Limits of
Agreement and, correlations by Pearson correlations.
Results A sufficient feasibility and learning period of the tests was shown. The methods
had sufficient test–retest reliability and moderate-to-sufficient correlations.
Conclusion The MSST, the LE, and the 30sCS are feasible tests for measuring muscle
strength in persons with SIVD, having sufficient test re-test reliability.
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Introduction
Muscle strength contributes to mobility which impacts quality of life.1 The muscle strength
of lower limbs is important for ambulatory activities such as rising from a chair, walking at
an appropriate speed, and walking on stairs.2 Loss of muscle strength may lead to a
decrease of activities in daily living (ADL)3 and worse health-related quality of life.4 A
weakness of m. Quadriceps is a predictor of mortality5 as it is one of the first muscles
that degenerates due to inactivity.6
Muscle strength can be quantified by several reliable and valid tests that are attuned for
specific target populations. In various settings with adolescents to older adults, with or
without physical disabilities, it has been demonstrated that, e.g., hand held
dynamometry7-10 and the 1-repetition maximum (1RM)11,12 are reliable and valid methods
quantifying muscle strength. The 1RM is considered to be an effective method for
assessing leg muscle strength and its changes.13 The 30 seconds Chair-Stand test
(30sCS) is a valid and reliable instrument in the general population as well as in that of
older adults14 for measuring muscular endurance.15 In addition, the 30sCS demonstrated
a high validity for measuring Quadriceps strength.16 Related to the 30sCS, the MinimumSit-to- Stand Height Test (MSST) is used as a reliable functional instrument to measure
strength in the lower limbs of older adults17 and is an effective predictor for functional
capacity.18
For measuring muscle strength in persons with an intellectual disability (ID), hand held
dynamometry,17 measuring grip strength (Jamar),19-21 30sCS,19,20 and the 1RM22 are
used as feasible and reliable instruments measuring muscle strength of m. Quadriceps.
However, in persons with severe or profound ID, feasibility for measuring grip strength
(Jamar) is moderate to low.20 Therefore, this measurement does not seem to be feasible
for people with SIVD. Also, the hand-held dynamometry may not be applicable in persons
with a more severe intellectual disability. In addition, individuals experiencing severe
intellectual and visual disability (SIVD) are physically weaker compared to persons with
ID.23,24 Persons with both (severe) intellectual and visual disabilities (SIVD) often suffer
from impaired health and physical fitness. Therefore, we expect persons with SIVD to
have low muscle strength like those individuals with ID, in particular m. Quadriceps.25-27
However, until recently, a feasible and reliable instrument to measure strength in persons
with SIVD has been lacking.
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Difficulties in performing strength tests can be expected due to severe ID and visual
impairments. Also, the time frame in which persons with SIVD learn to adequately
perform a strength test is currently unknown. The 1RM leg extension (LE) does seem to
be an appropriate instrument to measure Quadriceps strength in persons with SIVD due
to the availability of the equipment and because this test requires a movement in one
fixed direction for the execution of the test. The 30sCS and the MSST seem to be suitable
instruments to measure strength and muscular endurance in persons with SIVD due to
their required functional movement which also occurs frequently during daily life.
Only a small number of measuring instruments to measure Quadriceps strength,
described in literature, seems feasible for persons with SIVD, specifically, the MSST, the
LE, and the 30sCS due to their functionality and participants’ required cognitive ability.
Hence, we have formulated the following research questions: What is the feasibility,
learning period, and reliability of the Minimum Sit-to-Stand Height test, the Leg Extension
test, and the 30 seconds Chair-Stand test for persons with severe intellectual and visual
disabilities? What is the association between scores of these tests?
Methods
Participants
Participants were recruited from a residential facility in the Netherlands. Inclusion criteria
consisted of having a moderate to severe intellectual disability (ID) according to the ICD10,28 visual disabilities (‘severely partially sighted to blind’),28 and Levels I and II on the
Gross Motor Function Classification System (GMFCS).29,30 After obtaining written consent
from the representatives of the participants, participants were screened regarding
support for participation from a physician specialized in intellectual disabilities in
collaboration with a health care psychologist. Individuals classified within Gross Motor
Function Classification System (GMFCS) Levels I or II were included as a sufficient
balance and mobility is required to perform the tests. The GMFCS29,30 is a five-level
system utilized to classify the severity of motor disabilities in persons with intellectual and
physical disabilities. Individuals classified at Level I are generally capable of walking
without restrictions but tend to have limitations in advanced motor skills. Persons
classified in Level II are capable of walking with minimal restrictions but do not
spontaneously increase their speed while walking. Persons classified in Level III are




16439-Dijkhuizen_BNW.indd 104

03-05-19 08:27


capable of walking only with the help of walking devices. The locomotor skills of persons
classified in GMFCS Levels IV or V are very limited; therefore, they had to be excluded
from the current study. Characteristics including gender, age, level of ID, level of GMFCS,
visual impairment, presence of a hearing impairment, weight, and height were retrieved
from the clients’ medical records. Data regarding visual impairment were categorized as
no visual impairment, visual impairment, or being blind. These characteristics were
determined and categorized by a physician specialized in intellectual disabilities in
collaboration with a health care psychologist.
Exclusion criteria consisted of mental or physical health issues that prevented the client
from participating such as psychoses, depression, or other severe psychological problems
such as behavioural and prolonged stress; somatic diseases defined as chronic diseases
and/or diseases that are not resolved in a short period of time such as osteoarthritis,
osteoporosis, pneumonia, and general illness or fever; taking antibiotics; worsening of
asthma or epilepsy as signified with recent insult or epileptic fits; fresh
wound(s)/bruise(s); or other factors causing pain during movement; and, finally, stress as
evidenced by a participant’s behavior shortly prior to the date of measurement.
Design
This is a repeated measurements study to examine measurement properties of three
muscle strength measurements: The Minimum Sit-to-Stand Height Test (MSST), the Leg
Extension (LE), and the 30 seconds Chair-Stand (30sCS).
Participants performed the MSST, LE and 30sCS within one session once a week for a
period of five weeks. Prior to measuring, the test administrator completed a checklist on
all exclusion criteria. A test administrator and a gymnastics instructor were present during
the measurements. The latter was well informed on the mental and physical limitations of
each of the participants andwas familiar to the participants which facilitated the accuracy
of the performance during testing.31 The test administrator was a physical therapist or a
physical therapy bachelor student familiar with the protocols of the strength tests. The
tests were performed in the established order whereby the 30sCS was measures first: the
participant then performed the LE; and, finally, the MSST. At least a one-minute pause
was taken between each performance of a test.
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Ethical statement
This study was performed in accordance with the guidelines of the Helsinki Declaration.32
Dispensation was obtained from the legal Medical Ethics Committee (2014/137, Medical
Ethics Committee, University Medical Center Groningen, the Netherlands, METcUMCG).
Because the participants were not able to, their legal representatives gave informed
consent. The measurements were performed in accordance with the behavioral code
section entitled ‘Resistance among people with an intellectual disability in the framework
of the Act Governing Medical-Scientific Research Involving Humans’.33 Consistent distress
or unhappiness was interpreted as a sign of a lack of assent, and further participation in
the study was reconsidered.
Measurements
Extra verbal instructions and encouragement were given to the participant during the
test. Participants were also shown the expected movement and modelling in order to
ensure an accurate performance. This form of adapted guidance was offered to maintain
a minimal stress level for the participant because a presence of SIVD and a possible
additional hearing impairment make it difficult or impossible for the participants to
undergo measurements. If participants were able to complete the tests according to the
protocol, the test result was recorded as ‘successfully performed’. When participants
could not be present at time of the measurements due to extenuating circumstances,
‘not present’ was noted. Measurements were defined as ‘not feasible’ if participants
could not perform the tests properly according to the protocol at the time of the
measurements; e.g., when participants were unable to perform the test for cognitive
reasons because they did not understand the test; when participants wanted to get up/
raise by using their hands or arms while performing the MSST and the 30sCS; and when
participants showed an incomplete lifting of the lower leg in the performance of LE.
Minimum Sit-to-Stand Height Test (MSST)
The participant was asked to stand up from the lowest possible position to fully upright
without using his / her hands (without pushing off with arms/hands) or widening their
foot position outside the legs of the seat. This position was recorded in unit centimeters.
In order to rise from this deepest position, a special stepless in-depth-adjustable seat was
developed. Below 18 cm, judo mats with a thickness of 4 cm were used. This allowed the
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seat depth to be reduced to 16 cm, 12 cm, 8 cm, 4 cm to eventually be phased to 0 cm
when standing up from the floor. The minimum sit-to-stand height test has an excellent
reliability of ICC 0.91 (95% confidence interval) CI 0.81-0.96 and moderate
responsiveness for an inpatient rehabilitation setting.17
Leg Extension test (LE)
The participant sat on appropriate fitness equipment to perform maximum leg extension.
Before performing the test, the maximum achievable extension (range of motion) was
recorded. We then asked the participant to fully extend the leg against the maximum
achievable resistance. The 1RM leg extension is a feasible and reliable instrument for
measuring muscle strength of m. Quadriceps in adults with ID.22
30 seconds Chair-Stand test (30sCS)
The participant sat in a firm chair that had no arms. We asked the participant to correctly
stand up (full stance) and sit down as often as possible within a 30 second time frame
without using his/her hands (without pushing off with hands) and, when possible, with
arms crossed over chest /over each other. Testing time (30 seconds) was recorded using
a handheld stopwatch. The number of completed standing incidents (up–down) was
recorded. The 30sCS is developed in a population of older adults and is highly correlated
with strength of the lower limbs.14 The 30sCS is a valid and reliable instrument in the
general population14 to measure muscular endurance.15 Feasibility and test-retest
reliability was moderate to good in adults with ID (ICC of 0.72 for same-day interval and
0.65 for a two-week interval).19,20 Reliability and validity of the 30sCS in the general
elderly population is good with high test-retest reliability (r = 0.89).14,16 Test–retest
reliability of the 30sCS in older adults with ID is moderate ICC 0.72 (same-day interval)
and 0.65 (two-week interval).19
Data analyses
Data analyses were performed using the Statistical Package for the Social Sciences
(SPSS 22).
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Feasibility
The number of unsuccessful measurements (not feasible) was compared with the total
number of measurements to derive the percentage of all successful measurements in
order to determine feasibility. Feasibility was considered to be sufficient if the percentage
of successful assessments exceeded 85%.34-36
Learning period
The difference scores between consecutive time points of MSST, LE and 30sCS
measurements was subjected to the Shapiro-Wilk and the Anderson-Darling normality
tests. To gain insight into the learning period for the MSST, LE, and 30sCS, we used the
paired t-test and the Wilcoxon signed rank test to investigate whether there was a
difference in mean between two consecutive measurements over a period of five weeks.
A non-significant difference was considered as the end of the learning period for a
particular instrument.
Test re-test reliability
Between Weeks 4 and 5, test-retest reliability was analyzed by an intra-class correlation
coefficient (ICC, one way random) for the MSST, LE, and 30sCS where an ICC ≥ 0.75 was
considered to be acceptable.37,38 An ICC <0.75 indicated poor or moderate, 0.75 - 0.90
good, and > 0.90 very good reliability.39 For the reference range of the differences
between the two measurements of the MSST, LE, and 30sCS, the limits of agreement
(LOA) were calculated as ±1.96 timed the SD of the difference. The LOA is considered to
be an indicator of test-retest reliability expressed in units of the measurement instrument
as well as in a percentage of the mean of the first test.37 To assess test-retest reliability,
the Standard Error of Measurement (SEM) was calculated for the MSST, LE, and 30sCS.
The Standard Error of Measurement (SEM) represents the standard deviation of
measurement error.39 The SEM reflects the reliability of the response.39
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Association between MSST, LE and 30sCS
To investigate the degree in which the MSST, LE, and 30sCS measure the same
construct, the Pearson correlations (two-tailed) were calculated for Week 5. Correlations
of 1.0-0.9 are indicated as nearly perfect, 0.9-0.7 very large, 0.7-0.5 large, 0.5-0.3
moderate, 0.3-0.1 small, and anything smaller than 0.1 trivial /very small.40 We applied a
principal components analysis (PCA) to the MSST, LE, and 30sCS, to analyze the
percentage of common variance between the three measurements on the basis of their
inter-correlations.
Results
Written consent was requested from the representatives of 75 candidates whereby 44
agreed. Fifteen individuals were excluded for medical/behavioral reasons. None of the
participants were excluded from the study due to consistent distress or unhappiness that
was interpreted as a sign of a lack of consent. The 29 participants in this study comprise
16 males and 13 females. The mean (SD) age of all of the participants was 38.7 (14.5)
with a minimum age of 20 and a maximum age of 63. The characteristics of the
participants are depicted in Table 1.
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Table 1. Characteristics of the participants (N=29).
Gender, N (%)
Male
Female
Age, Mean, ± SD
Intellectual disability, N (%)
Moderate
Severe
GMFCS level, N (%)
Level I
Level II
Visual Impairment, N (%)
(Severely) partially sighted
Blind
Auditory Impairments, N (%)
Normal hearing
(Severely) hearing loss
Deaf
Weight in kg, Mean, ± SD

16 (55.2%)
13 (44.8%)
38.7 ±14.5
7 (24.1%)
22 (75.9%)
25 (86.2%)
4 (13.8%)
16 (55.2%)
13 (44.8%)
16 (55.2%)
11 (37.9%)
2 (6.9 %)
69.4 ±12.2

Height in cm, Mean, ± SD

167.4 ±12.8

BMI, Mean, ± SD

24.8 ±3.5

Feasibility
The percentage of successfully performed MSST measures was over a period of five
consecutive measurements between 86% and 100%, for LE between 86% and 97%, and
between 93% and 100% for 30sCS. This indicates sufficient feasibility for the three
different measurements.
Learning period
The normality of the difference scores between consecutive time points of the MSST, LE
and, the 30sCS test, revealed in rejection of normality in all three tests. The parametric ttest and the non-parametric Wilcoxon signed rank test gave comparable p-values.
Table 2 shows the mean (SEM) differences of the consecutive weeks, the T-values, and
the P-values corresponding to the paired differences in the mean. The size of the
differences decreased for the sequential measurements. For the MSST, a non-significant
difference was determined between the measures of Weeks 3 and 4. Regarding the
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30sCS test, there was no significant difference between the first and the second
measurements and, for the LE, a non-significant difference was found between the
measures of Weeks 4 and 5.
Test re-test reliability
Table 2 summarizes the results of the (paired) t-tests and the Wilcoxon signed rank tests,
ICC analyses, the LOA, and the LOA as a percentage of the mean between measurements
of Weeks 4 and 5. Intra class correlation coefficients (one way random) were very strong
and significant. The LOA, expressed as a percentage of the means (LOA %), were less
than or equal to 17% for all three methods (MSST 6.7 %; LE 16.4%; 30sCS 17%). The
standard error of measurement (SEM) was (0.12) for the MSST, (0.53) for the LE, and
(0.21) for the 30sCS.
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Mean Diff (SEM)

1.4 (0.47)

0.69 (0.38)

0.00 (0.12)

Mean Diff (SEM)

-2.7 (0.67)

MSST 2-3

MSST 3-4

MSST 4-5

LE (kg)

1-2

2-3

3-4

4-5

LE

LE

LE

LE

T

P value
t-test Wilcoxon
0.020 / 0.024

ICC

95% CI

LOA

LOA as
mean %

-0.68 (0.53)

-0.23 (0.39)

-1.1 (0.295)

-0.15 (0.21)

30sCS 1-2

30sCS 2-3

30sCS 3-4

30sCS 4-5

-0.8

-3.8

-0.6

-1.3

T

-0.3

-2.8

-3.8

-4.0

T

0.0

1.8

3.1

2.5

0.461 / 0.448

0.001 / 0.001

0.563 / 0.582

0.208 / 0.199

P value

0.747 / 0.484

0.011 / 0.004

0.001 / 0.001

0.001 / 0.001

P value

1.000 / 1.000

0.085 / 0.090

0.004 / 0.004

0.967*

ICC

0.973*

ICC

0.999*

0.927 – 0.985

95% CI

0.939 – 0.989

95% CI

0.997 – 0.999

1.96

LOA

5.09

LOA

1.16

17.0

LOA as
mean %

16.4

LOA as
mean %

6.7





MSST: Minimum Sit-to-Stand height test in centi meters (cm); LE: Leg Extension expressed in kilograms (kg); 30sCS: 30 seconds Chair Stand test expressed
in number of repetitions (no); SEM: Standard error of measurement; Correlation is significant at the 0.01 level (1-tailed); *P value <0.001

Mean Diff (SEM)

30sCS (no)

-0.17 (0.53)

-2.6 (0.94)

-3.1 (0.795)

1.6 (0.63)

MSST 1-2

MSST (cm)

Table 2. (Paired) t-tests (measurements 1-5), Wilcoxon signed rank test (measurements 1-5), ICC analyses, the LOA and the LOA as a
percentage of the mean for MSST, LE and 30sCS (measurements 4-5).
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Figure 1 Boxplots MSST week 1-5

Figure 2 Boxplots LE week 1-5

Figure 3 Boxplots 30sCS week 1-5
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The Box-and-whiskers plots in Figures 1, 2, and 3 visualize the measurements obtained
for the MSST, LE, and 30sCS over a period of five weeks.
Association between MSST, LE and 30sCS
A Pearson Correlation was computed for Week 5 in order to assess the association
between the MSST, LE, and 30sCS. The correlation between the MSST and 30sCS was
large (MSST-30sCS r = -0.56, p= 0.004), moderate between MSST and LE (MSST-LE r = 0.31, p= 0.165) and moderate between LE and 30sCS (LE-30sCS r = 0.45, p= 0.031).
The principal components analysis (PCA) of the MSST, LE and, 30sCS, revealed that 62%
of the variance is explained by the the first principal component.
Discussion
The results show sufficient feasibility for the MSST, LE, and the 30sCS with an acceptable
learning period of a maximum of five practice sessions for individuals with severe
intellectual and visual disabilities (SIVD). Test re-test reliability is very good for all three
methods in persons with SIVD. The correlation between the MSST, LE, and 30sCS ranges
from moderate to large, suggesting that these instruments measure a different construct.
Our results indicate a sufficient feasibility for the MSST (86%-100%), LE (86% and 97%),
and 30sCS (93%-100%) for persons with SIVD. The MSST is a feasible instrument for
persons experiencing SIVD possibly due to its required functional movement which often
occurs during daily life. Feasibility of the LE is sufficient which may be explained by the
fact that the required movement was in one fixed direction. Our 30sCS feasibility
percentage is considerably better compared to that found by Hilgenkamp and colleagues
who found 44% 30sCS feasibility in older adults with intellectual disabilities (ID).19 In
addition, this may be due to Hilgenkamp’s study design where participants performed
seven different physical fitness tests including the 30sCS. Furthermore, in our study,
extra verbal instructions and encouragement were given to the participants during testing
by gymnastic instructors who also demonstrated the movement expected from the
participants. This additional guidance could possibly have improved the feasibility of the
tests in our study. Lastly, in our study, persons with profound ID were excluded, and the
mean age of the participants was younger than in the study of Hilgenkamp.19
Our results show a non-significant difference between the measures of Weeks 3 and 4 for
the MSST that may indicate a learning period of at least four practice sessions, which is
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one week (one session) shorter compared to the learning period of the LE. As for the
30sCS, a non-significant difference was noticeable from the first measures which could
indicate the absence of a learning period. For persons with SIVD, the MSST, and the
30sCS appear to be easier to perform than the LE possibly because of the required
functional movement in both measurements. The LE requires a coordinative difficult
movement, and it is not a functional test. Therefore, we already expected that the LE
would be the most difficult test to perform for those experiencing SIVD. The learning
periods we found were in accordance with those of other performance tests in persons
with SIVD, for example, five practice sessions were performed to become familiar with a
modified Berg Balance Scale.35 In another study of Waninge and colleagues in which
persons with SIVD performed the six minutes walking distance at relatively short
intervals, a learning period of two weeks was required.24 It is possible that the learning
period of the present study could be decreased if the training sessions were planned
closer to each other. The participants in our study seemed to be capable of performing
the 30sCS well with the given instructions and guidance from the first measurement,
which could indicate that persons with SIVD can perform the 30sCS well without the need
of a learning period. The possible absence of a learning period for 30sCS seems to be in
line with the findings of Hilgenkamp who found no statistically significant learning effect
in the test results of 30sCS between their practice session and their first measurement.19
Also, the means in our study are not less than those determined by Hilgenkamp.19
Due to the limitations of persons with SIVD, it was necessary to adapt the guidance of the
participants during testing in the sense of some extra standardized verbal instructions,
encouragement, and demonstrating the expected movement and modelling to the
participant during the test in order to achieve optimal performance. These additional
instructions ensured that participants kept their arms crossed over the chest during the
performances of the MSST and the 30sCS. Also, encouragement was provided by
counting out loud while participants performed the 30sCS to ensure that they did not stop
prior to the end of the 30sCS. This support was also offered to maintain the most minimal
stress level as possible for the participant. In some cases, the test instructor indicated
that the limit had been reached concerning the mental capacity of the participant to
maintain a minimal stress level. To decrease the influence of differences in these limits,
the gymnastics instructors were all instructed in the same manner and were wellinformed of the test protocols prior to the measurement period.
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The test re-test reliability for the MSST, the LE, and the 30sCS is very good in persons
experiencing SIVD. This accords with the findings of Schurr regarding the MSST17 and
Hilgenkamp concerning 30sCS.19 Moreover, our results showed that LOA, expressed as a
percentage of the means, were less than or equal to 17% for all three methods. In
general, higher LOA's are found in performance tests when compared to nonperformance testing such as, for example, BMI measurements. Our LOA’s are in line with
the findings of Waninge who found a sufficient test-retest reliability for the aSRT (LOA% =
23%), and for the 6MWD (LOA% = 30%) in persons with SIVD.24 Taking into account the
limited abilities of persons with SIVD to perform measurements, in general, and the
required level of intelligence, concentration, and coordination to perform the MSST, the
LE, and the 30sCS well, we consider the LOA expressed as a percentage sufficient for
these methods. Hence, we consider that the reliability is sufficient for the MSST, LE, and
30sCS in persons with SIVD.
A significant correlation was determined between the MSST and the 30sCS, a moderate
correlation between the MSST and the LE, and a moderate correlation between the LE
and the 30sCS (p 0.031). It seems that our finding concerning the correlation between LE
and MSST is in line with findings of Schurr and colleagues who ascertained that 8-17% of
the variability in the MSST was explained by the strength of the m. Quadriceps.17
Apparently, performance of MSST is influenced by factors other than knee extensor
muscle strength.17 In our study, a number of participants had achieved their maximum
depth while performing the MSST; however, they were able to repeat the test several
times from this maximum depth. This could indicate that the participant’s mobility or
agility was the limiting factor instead of muscle strength. It appears that all three
methods actually measure different aspects, e.g., the MSST for agility and strength, the
LE for strength, and the 30sCS for muscle endurance with which they could complement
one another. However, the principal components analysis (PCA) to the MSST, LE and,
30sCS, revealed that 62% of the variance is common. Therefore, the first principal
component (strength) explains a relatively large amount of variance. Clinically, the tests
seem to be partly complementary (a view sustained by our PCA). Therefore, we
recommend that when the Quadriceps strength is the primary outcome for a training
program, then the LE test as a measuring instrument would be legitimate to use in
persons with (S)IVD. If, however, functional aspects such as measuring and mapping the
performance or level of ambulatory activities, are deemed important, then the MSST
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(flexibility and strength) and / or 30sCS (muscle endurance and strength) are of added
value and therefore the tests might be used as a test-set to gain insight into clients’
ambulatory abilities and their need for support.
A limitation of this study is that, due to the exclusion criteria implied by the research
question, only a rather small number of participants could be included. The aim of the
study was to explore if the tests developed for persons with severe intellectual and visual
disabilities (SIVD), would be feasible and reliable. In this study, the measurements were
repeated every week over a period of five weeks. This frequency per week was expected
to be too intensive for persons with profound intellectual disability. Therefore, they were
excluded implying a smaller sample size. Nevertheless, this study provides extensive
statistical analyses to firstly explore the feasibility and reliability of the measurements
and secondly to investigate the correlation between the measurements, for persons with
SIVD. A follow-up study should aim at providing further evidence concerning the feasibility
and reliability of the results in a larger more heterogeneous group. Therefore, further
research of the feasibility and reliability in persons with less severe and more severe
intellectual disabilities, and both with and without additional visual impairment is
recommended to be able to better generalize the results for a broader target group.
In conclusion, the MSST, the LE, and the 30sCS are feasible methods with an acceptable
learning period and a sufficient test re-test reliability for persons with SIVD.
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Abstract
Background Knowledge concerning the feasibility and effects of progressive resistance
training (PRT) for persons with intellectual disabilities (ID) and visual impairment who are
categorized in Gross Motor Function Classification System (GMFCS) level 1 is limited. The
aim of our study was to evaluate feasibility and effect of PRT on participants’ Quadriceps
strength and personal goals.
Methods Eight Participants followed a PRT program for ten weeks. Feasibility was
determined by percentage of attendance and compliance. The effect of PRT was analyzed
with a linear mixed model (p<0.05) and by normalized bootstrap (95%CI).
Results Participants attended 87.8% of the sessions and trained according to the PRT
program, indicating sufficient compliance. Quadriceps strength increased significantly by
69%, and participants’ personal goals were achieved.
Conclusion PRT is a feasible and potentially effective method for increasing Quadriceps
strength as well as achieving personal goals in persons with ID and visual impairment
with GMFCS level 1.
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Introduction
Muscle strength and muscle endurance are components of health-related physical fitness
in addition to body composition, cardiorespiratory fitness, and flexibility.1 Muscle strength
contributes to mobility which affects quality of life,2 and the strength of the lower limbs is
important for ambulatory activities.3 Loss of strength in these muscles may lead to a
decrease in daily activities4 and diminished health-related quality of life.5,6 Moreover, the
weakness of Quadriceps is a predictor of mortality7 as they are one of the first muscles
that degenerates due to inactivity.8
Persons with intellectual disabilities (ID) have less muscle strength particularly in the
Quadriceps muscles9 compared to their peers without ID.10 This may be related to a
sedentary lifestyle11,12 as well as a central nervous system failure to activate motor units
and to some abnormal intrinsic muscle properties.11 It has previously been shown that
persons with ID and visual impairment are physically weaker compared to those with
ID.13-15
Improvement in muscle strength is associated with positive changes in functional
activities for adults with Down Syndrome16,17 and in work-related skills of persons with
ID.18 A threshold for Quadriceps strength concerning common tasks in daily life was
found19 whereby higher force production is associated with better functional performance
in the general population20,21 as well as in persons with ID.10,22 A higher level of physical
fitness also improves the ability to perform general daily activities of persons with ID23,24
and those with severe/ profound ID with visual impairment.25 Changes in these functional
activities can be measured with Goal Attainment Scaling,26 which is mainly used in
rehabilitation care to measure individual goals focused on activities and participation
levels. Although it is not frequently used as a research method in persons with SPIVD, it
seems to be a very useful outcome measure.27-29 Thereby, determining the individual
goals can influence people's involvement and has a positive effect on the achievement of
these goals.30
Progressive resistance training (PRT) has been evaluated and found to be safe for
persons with a variety of health conditions and disabilities.31 It has also been found
effective at improving endurance and strength for persons with Down Syndrome32-34 with
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high adherence and no serious adverse events recorded.33 However, these studies
mainly included individuals with mild to moderate intellectual disabilities and not persons
with more severe ID or persons with ID and visual impairments. Given that research has
shown positive effects of other exercise programs for persons with ID 11,35 and a past
study has demonstrated successful use of the leg extension test for individuals with ID
and visual impairment,36 PRT of the Quadriceps muscles performed with the leg
extension may also be feasible and effective for this population.
However, for persons with ID and visual impairment, knowledge regarding the feasibility
and effects of PRT is lacking. The aim of this study is to evaluate the feasibility and the
effect of a PRT of the Quadriceps muscles in persons with ID and visual impairment who
are categorized in Gross Motor Function Classification System level 1 on Quadriceps
strength and attainment of participants’ personal goals.
Methods
Design
A multiple-case study was conducted to examine the feasibility and effect of progressive
resistance training (PRT) of the Quadriceps muscles in persons with ID and visual
impairment. Participants took part in a PRT program two or three times per week that was
intended to increase Quadriceps strength over a ten-week training period. A
physiotherapist annex researcher and a gymnastics instructor supervised the
implementation of the PRT program. Quadriceps strength was measured in Week 1,
Week 5, and Week 10 and participants’ personal goals in Week 1 and Week 10.
Participants
Participants were recruited from a residential facility in the Netherlands. Inclusion criteria
consisted of having a moderate to severe ID according to the ICD-10,37 having visual
impairments (‘mild-severe visual impairment to blindness’)37 and being categorized at
Level 1 on the GMFCS.38,39 The GMFCS is a five-level system that is utilized to classify the
severity of motor disabilities of persons with intellectual and physical disabilities.38,39
Those classified at Level 1 are generally capable of walking without restrictions but tend
to have limitations in advanced motor skills.38,39
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Procedure
After explaining the intervention and its purpose, each participant was asked about the
individual’s willingness to be involved in the PRT program. Depending on the degree of
intellectual impairment, permission was obtained either directly from either the
participant’s representative or from the participant and their representative. When written
consent was obtained, participants were screened regarding support for participation
from a physician specialized in ID in collaboration with a health care psychologist. Written
consent was received from the representatives of eight participants to take part twice
(n=3) or trice per week (n=5).
Participants’ characteristics in terms of gender, age, level of ID (estimated IQ), level of
GMFCS, visual impairment, presence of a hearing impairment, weight, height, and BMI
were retrieved from the medical records in order to describe the sample. Data regarding
visual impairment were categorized as mild visual impairment, moderate visual
impairment, severe visual impairment, or blindness (Table.1). These characteristics were
determined and categorized by a physician specialized in ID in collaboration with a health
care psychologist.
In this study, participants were excluded if they exhibited any of the following exclusion
criteria shortly prior to the PRT program or at the time of the trainings sessions /
measurements: mental or physical health issues that prevented the participant from
taking part such as psychoses, depression, or other severe psychological problems such
as behavioural and prolonged stress; somatic diseases defined as chronic diseases
and/or diseases that are not resolved in a short period of time such as osteoarthritis,
osteoporosis, pneumonia, and general illness or fever; taking antibiotics; worsening of
asthma or epilepsy as signified with recent insult or epileptic fits; fresh
wound(s)/bruise(s); or other factors causing pain during movement; and, finally, stress as
evidenced by a participant’s behavior, for example, unrestful behavior, distracted
behavior, or signs of unhappiness. The participants’ caregivers, representatives, and the
gymnastics instructor evaluated if the level of this behavior was such that exclusion was
warranted. In the end, this decision was made in consultation between professionals and
representatives. Participants with profound ID were excluded due to the duration and
intensity of this study.
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Ethical statement
This study was performed in accordance with the guidelines of the Helsinki Declaration.40
Permission was obtained from the legal Medical Ethics Committee (2017/361),
University Medical Center Groningen, the Netherlands. Consistent distress or
unhappiness was interpreted as a sign of a lack of consent, and further participation in
the study was reconsidered. Participation in the PRT was voluntary and without any
compulsion at all times.
Intervention
The participants were scheduled group wise at fixed timed intervals of 45 minutes, two or
three times a week with at least 48 hours of resting time in between. The gymnastics
instructor was familiar with the mental and physical limitations of the participants which
facilitated the accuracy of the performance during testing.41
PRT program
The structure and intensity of the PRT program were determined according to the
standards of the American College of Sports and Medicine.42 After warming up, the
participants trained their Quadriceps strength on the leg extension equipment35
according to the leg extension protocol in which attention was given to well-executed
movements without compensation and to breathing through or blowing out during force.
During each PRT session, participants were positively stimulated and encouraged. It was
continuously checked whether participants trained to the level of fatigue of the
Quadriceps muscles by verifying the possibility of increasing the number of kilograms
during the PRT or performing more repetitions all without compensation. At the beginning
of the PRT program, participants trained at 50% of their measured One Repetition
Maximum (1RM) to ultimately 80% in Weeks 9 and 10 as summarized in the
supplemented table.
Measurement instruments
Feasibility
The number of absences per training session as well as reasons for these were recorded.
The percentage of attendance was computed as the number of times present was divided
by the total number of training sessions. Sufficient compliance was determined as the
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percentage of participants that managed to train up to the final 80% of their baseline
1RM. The program was monitored to determine whether it needed to be adapted to the
participants’ capabilities, specifically when or if it was too difficult /heavy to perform due
to their cognitive or physical abilities.
Quadriceps Strength- Leg Extension Test (1RM)
The participant sat on appropriate fitness equipment to perform maximum leg extension
with two legs at the same time. Before performing the test, the maximum achievable
extension (range of motion) was recorded. After practicing the leg extension, the
participant was requested to fully extend the legs against the maximum achievable
resistance.
In past research, persons with (severe) ID and visual impairment, required a learning
period of four to five times for adequately performing the leg extension test in an
appropriate/reliable manner.36 In this study, we determined whether a participant could
properly perform the leg extension test in Week 1, i.e., by performing the 1RM up to the
maximum without any compensation. If participants achieved this, then the 1RM was
measured at the beginning of the PRT program. If a learning period was required to
perform the leg extension test in an appropriate/ reliable way, the 1RM was measured
later in the first week of the PRT program. The leg extension test has shown to be a
feasible and reliable instrument for measuring Quadriceps strength in persons with
moderate and severe ID with visual impairment.36
Personal Goals- Goal Attainment Scaling
In Goal Attainment Scaling, labels are formulated in such a way that the extent to which
the goal is achieved is taken as a measure of the effectiveness of treatment: the baseline
level is expressed as -2, a decrease compared to this initial baseline situation as -3,
progress without fully achieving the goal as -1, a goal fully achieved as 0, a progress
beyond the set goal as +1, and a progress far beyond the set goal as +2.
All six levels are formulated as specific, measurable, acceptable, relevant, and timerelated (SMART).43 The participants’ individual goals were explicitly formulated in
consultation/ agreement with them and their representatives since this increases the
likelihood of actually achieving the goals that are established.30 Individual changes in
Goal Attainment scores were examined at the multiple case level subdivided into varying
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types of goals, specifically, on body composition (BMI/waist circumference), physical
fitness (cycling and walking), and physical activity (ambulatory activities).
Goal Attainment Scaling has shown to be a reliable and validated method for scoring
achievements of goal sets that are especially aimed at activities and participation.28,44-49
In various rehabilitation teams, it has also proved to be reliable,46-49 and its sensitivity to
changes in scores/ outcomes has shown to be better than that of common standardized
functional measures of abilities and participation.27 To formulate Goal Attainment scales,
standardization of this scale based on predetermined agreements is needed43 and
influences its reliability.29,49 As it takes time to learn to use this method in an appropriate
way and to gain experience, we elaborated the GAS-scores in cooperation with an
instructor of the GAS-course in the Netherlands. In this study, participants’ personal
goals, such as reducing waist circumference, did not meet the classification in activities
and participation according to ICF. Though, to gain unity and overview in the evaluation of
achievement of participants’ personal goals, Goal attainment Scaling was used.
Data-analyses
The statistical analyses were performed using the Statistical Package for Social Studies
(SPSS) version 22 for Windows with respect to descriptive statistics, and the statistical
programming language R version 3.4.050 for the mixed models, and bootstrap estimation
of a confidence interval.
Quadriceps strength was measured in Week 1, Week 5, and Week 10 and participants’
personal goals were evaluated in Week 1 and Week 10.
Quadriceps strength was analyzed using a linear mixed model estimation51 with
Quadriceps strength as the outcome variable and a random intercept and slope for each
participant.
If a participant had multiple personal goals, then the goal with the lowest score was used
as the Goal Attainment score for statistical testing. The median Goal Attainment score
after PRT was analyzed by the normalized bootstrap to compute its 95 percent
confidence interval.52 This tests the null-hypothesis of group median -2, which
corresponds to whether the group attained improvement compared to the baseline level
of Week 1.
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Results
The sample consisted of five males and three females with ages ranging from 22-40
years. One participant ended participating from the fifth week due to surgery. Further
characteristics of the participants are depicted in Table 1.
Table 1. Characteristics of the participants (n=8)



Age, Mean, ± SD

Total
N=8
29.6 ± 5.9

Height in cm, Mean, ± SD

169.8 ± 11.2

Weight in kg, Mean, ± SD

70.4 ± 12.2

BMI, Mean, ± SD

24.4 ± 3.2

Intellectual disability, N
Moderate (IQ 36 to 69 points)
Severe (IQ 20-35 points)
Visual Impairment, N
Mild visual impairment
Severe visual impairment
Blindness
Auditory Impairment, N
Normal hearing
Hearing loss
Deaf

4
4
1
5
2
5
2
1

Feasibility
The percentage of successful training attendance was 87.8%, including the participant
who could no longer participate from week 5. This particular participant attended 34.5%,
with 58.6% absence due to surgery. Other reasons for absence in this study included
health problems (9.2%), a special occasion (1.5%), and vacation (2.9%).
Seven participants that completed the whole ten-week PRT program trained up to the
final 80% of their 1RM, indicating sufficient compliance.
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Effects PRT
Quadriceps Strength- Leg Extension Test (1RM)
The results of Quadriceps strength measured over time are shown for each participant in
Figure 1. It can be observed that participants differ in strength at baseline, however, all of
the participants increased in strength during each measurement with varying elevation.
This suggests a random intercept as well as a random slope (steepness of line) for each
of the participants. Improvement of Quadriceps strength (fixed effect) was estimated as
the contrast (difference) with Time point 1 as a reference.

Figure 1. Time-by-Strength line plot of the individual Quadriceps strength measures by
1RM in Week 1, Week 5, and Week 10.

The mean Quadriceps strength in Week 1 (n=8) was 37.6 kg (SD=9.8).
With linear mixed model estimation, a significant time effect on Quadriceps strength was
determined between Week 1 and Week 5 (b* 10.9, SE 2.8, t (9.4) = 3.8, p= .0037). This
indicates that, after five weeks of PRT, a significant increase of 10.9 kilograms was
achieved, which amounts to an increase of 29%. Between Week 1 and Week 10, a
significant time effect on Quadriceps strength was observed (b* 26.0, SE 5.0, t (6.0) =
5.2, p= .0020) which indicates that, after ten weeks of PRT, a significant increase of 26.0
kilograms was achieved with respect to Week 1, which amounts to an increase of 69%.
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Individual characteristics, percentages of attendance, 1RM in Weeks 1, 5, and 10 and
percentage of progress of 1RM are shown in Table 3.
Personal Goals- Goal Attainment Scaling
Three participants formulated two goals instead of one (see Table 3.) Four participants
selected their personal goals in the category body composition varying from a decrease in
BMI (n=1), waist circumference (n=4), and buttock circumference (n=1). Regarding
physical fitness (cycling test and walking test), two participants had selected their goals in
this category, whereof one selected 2 goals, and two participants had designated their
goals within the activity category (climbing stairs independently and improving confidence
while walking outside). The participants’ achieved goal sets displayed in Goal Attainmentlevels are shown in Table 2.
Table 2. Achieved Goal Attainment- levels for three types of goals set by the participants.
GAS-levels
Type of goal set

-3

Body composition

1

-2

-1

0

+1

+2

1

3

1

Physical fitness
Activity

3
1

1

-2: baseline/ starting situation

In Week 10, the median of the Goal Attainment scores was 1.0 with 95% CI -0.29, 2.35,
calculated with the normalized bootstrap (Davison & Hinkley 1997), this implies that the
median value in Week 10 significantly increased compared to the value -2 in Week 1.
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40

31

28

30

23

22

35

28

1

2

3

4

5

6

7

8

M

M

M

M

M

F

F

F

Gender
M/F

176.0

181.0

156.0

184.0

169.0

170.0

170.0

152.0

Height
Cm

82.5

73.0

46.0

71,7

75.5

81.7

74.0

59.0

Weight
Kg

26.6

22.3

18.9

21.2

26.4

28.3

25.6

25.5

BMI

Severe

Severe

Moderate

Severe

Moderate

Moderate

Moderate

Severe

ID
Level

Severe

Severe

Severe

Blindness

Severe

Mild

Severe

Blindness

Vis. Imp
Level

Normal

Normal

Normal

Loss

Severe loss

Deaf

Normal

Normal

Aud. Imp
Level

34.5%
3xpw

95%
2xpw

100%
2xpw

100%
3xpw

93.1%
3xpw

89.7%
3xpw

100%
2xpw

89.7%
3xpw

Attend.
%
pw

-3: Decline

+2: Much more

+2: Much more

0: Expected goal

+1: More

0: Expected goal
+2: Much more

+2: Much more
+2: Much more

+1: More
+1: More

GAS
Level
wk 10

wk 10
Δ 10
%

51 kg 80 kg
27.5% 100%

58 kg 77 kg
48.7% 97.4%

36 kg 39 kg
33.3% 44.4%

wk 5
Δ5
%

53 kg

-----

-----

25 kg 45 kg 67 kg
80.0% 168%

30 kg 37 kg 47 kg
23.3% 56.7%

40 kg 44 kg 55 kg
10.0% 37.5%

47 kg 55 kg 67 kg
17.0% 42.6%

40 kg

39 kg

27 kg

1RM
wk 1





Pt: participant (no: number); Age: years Height: in cm; Gender: M= male, F= female; Height: in cm; Weight: in kg; ID: Intellectual Disability (level); Vis. Imp.: Visual
Impairment (level); Aud. Imp: Auditory Impairment (level); Attend: attendance in percentages (%) and per week (pw); GAS: Goal Attainment Scaling (level); wk: Week;
pw: per week; 1 RM week: One Repetition Maximum week 1, week 5 and week 10. 1 RM in kg; Δ: Percentages improvement in week 5 and week 10.

Age
Years

Pt
No

Table 3. Individual characteristics, percentages of attendance, 1RM in Weeks 1, 5, and 10, percentage of progress of 1RM (as
percentage of T1/week 1 level) and achieved Goal Attainment- levels in Week 10.
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Discussion
Our results indicate that the PRT was feasible for persons with ID and visual impairment
who were categorized in GMFCS level 1. After PRT, Quadriceps strength increased, and
the participants’ personal goals were generally achieved.
The percentage of attendance in this study (87.8% ) is in accordance with the results of
studies with participants with Down Syndrome.32,33 Significant attention was paid to
informing and stimulating the participants’ caregivers and representatives in order to
obtain and retain their cooperation to enable participants to engage in the program for
ten weeks. This intensive contact and coordination appear to be important in this context
because caregivers and representatives have a role in guiding participants to and from
the gym. This attention may have positively affected the percentage of attendance. The
predetermined training program proved to be feasible as participants were able to train
up to 80% of their 1RM.
We ascertained significant increasing effects on Quadriceps strength after PRT, however,
at baseline, participants differed in strength. All of the participants increased in
Quadriceps strength during each measurement, though with varying elevation.
Participants also differed in levels of ID and additional limitations. To be certain if the
predetermined baseline 1RM was correct, it was continuously checked if participants
trained to the fatigue limit of the Quadriceps muscles in order to prevent them from
training below their level due to a possibly underestimated 1RM as a starting point. This
only occurred with one participant in Week 8 after which the weight was further
increased.
The mean increase of Quadriceps strength found in our study is in accordance with
results of a similar study in persons with ID.35 The average percentage increase in muscle
strength in our study was higher (69%) compared to comparable studies (Rimmer, 39%43%; Shields, 42%).53,33 It is not clear why this percentage in our study is so much higher
than those of these comparable studies. Possibly, the physical starting levels of the
participants in the different studies were different and of influence. However, it was not
possible to compare those levels as, in the other studies, the leg press was used to
measure the strength of the lower limbs (sum of Quadriceps and Hamstrings), and we
used the leg extension to measure isolated Quadriceps strength. In general, the training
programs in the comparable studies were similar to ours except that, in our study,
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participants’ personal goals were used as a measuring instrument in addition to muscle
strength. Perhaps this could have been an influence on achieving goals through strength
training. It is possible to attribute the significant increase in Quadriceps strength in our
study to the participants’ learning effects, increased locomotor experiences, learning how
to train, pushing boundaries, increasing self-confidence, and being venturesome.
However, this is less likely as, in that case, we would expect the strongest increase during
the first weeks of the PRT while our results showed that the increase in strength was
actually higher during the last five weeks. It appears as though the increasing weight of
the PRT could possibly be an important reason for this strong increase of Quadriceps
strength.
In our study, the personal goals in the category body composition have been achieved or
more than achieved after PRT. From literature, a slight but significant reduction in BMI of
adults with Down Syndrome was determined.53 However, an increase in BMI has also
been found with an unchanged waist size35 which demonstrates that the effects of PRT
on BMI are not yet clear. The findings in our study on physical fitness goal sets are in
accordance with the results of Rimmer and colleagues who found a significant
improvement in cardiovascular fitness for adults with Down Syndrome who performed
cardiovascular and strength training.53 The effects on participants’ activity goal sets
correspond to findings from Bassey and colleagues who determined that muscle strength
of lower limbs is important for ambulatory activities3 and that improvement in muscle
strength is associated with positive changes in functional activities in adults with Down
Syndrome.16,17 According to Steenbeek and colleagues, a significant improvement of at
least two points between the median of Week 1 and the median of Week 10 would
indicate a clinically relevant difference.54 In our study, all participants increased their
Goal Attainment value by at least 2 points except the participant who quited the PRT
program in Week 5.
Anecdotal note
Changes in participants’ behavior or functioning that may have occurred during the PRT
program were monitored by the gymnastics instructors and the participants’
representatives. Examples of reported side effects were increased walking speed,
increased self-confidence in exercise and in daily life, positive behavioral changes,
increase in initiative, and daring to push boundaries. All of the participants experienced
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pleasure performing the PRT program and expressed a desire to continue the training
sessions after the end of the program. This may have partly contributed to the percentage
of attendance.
Strengths and limitations
Limitations of this study are the limited number of participants and the lack of a control
group. This PRT program is intensive for persons with severe ID and visual impairment,
therefore, a multiple case study was selected to investigate whether PRT is feasible for
persons who are categorized in GMFCS level 1. In this way, the groundwork for a more
comprehensive study with a comparison group and a follow-up measurement was
established. In a randomized controlled trial, it may also be important to investigate side
effects such as changes in the participants’ structure, behavior, and functioning. It is also
recommended to repeat a comparable study with a group of persons with more severe ID
or motor impairments.
In addition, this research was only focused on PRT of the Quadriceps muscles, however,
according to the American College of Sports Medicine, all major muscle groups should be
trained intensively (total body workout) whereby the more intensive the strength training
is, the greater the potential health benefits.1
In conclusion, PRT is a feasible and potentially effective method for increasing
Quadriceps strength as well as achieving personal goals set by persons with ID and visual
impairment who are categorized in GMFCS level 1. This study can be the basis for a larger
study with a control group in order to gain insight into the effects of PRT in persons with
ID and visual impairment.
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Summary and General discussion
General purpose of this study
Being physically fit and active is important for good health, well-being, and participation in
and quality of life.1 However, this is not self-evident for persons with severe or profound
intellectual and visual disabilities (SPIVD) due to the combination of these limitations.
With the lack of sufficient physical activity, the risk of additional health problems is high.
Due to their lower cognitive skills, visual impairments, limited motor skills, and
comorbidity, measuring physical fitness in persons with SPIVD is problematic. Fitness
tests developed for the general population cannot easily be applied to individuals with ID
or SPIVD. Feasible, reliable, and valid measurement instruments for measuring physical
fitness and interventions for improving physical fitness in persons with SPIVD are lacking.
The conducted studies provide insight into the impact of visual impairment on ADLperformance, the validity of the mBBS, physical fitness over a long-term period,
applicability of muscle strength measurements, and the feasibility and effects of PRT in
persons with (SP)IVD. The participants of the conducted studies varied from persons with
(severe) intellectual and visual disabilities (S)IVD to persons with (severe of profound)
intellectual disabilities (SP)IVD and persons with severe or profound intellectual and
visual disabilities (SPIVD).

Summary
Many persons with SPIVD also have visual impairment. It is not clear whether these
individuals require more support in their daily functioning than their peers without visual
impairment. Therefore, the impact of visual impairment on ADL-performance in persons
with SPIVD was examined in Chapter 2. In this study, 120 persons with severe/profound
ID and 120 with severe/profound ID and visual disabilities participated. All of the
participants could walk without or with slight restrictions. To measure the ability of
performing ADL, the Barthel Index questionnaire (BI) and the Comfortable Walking Speed
(CWS) were used. It was found that, for individuals with severe or profound ID, an
additional visual impairment only slightly affected the ADL-performance. The level of
motor skills, the level of ID, and presence of a visual impairment each led to lower BIscores. Limited motor skills (GMFCS Levels 2 or 3) and profound ID-level resulted in lower
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walking speed. Compared to persons with specific (chronic) health conditions, the
participants in this study walked with low gait speed, and they had lower BI-scores
compared to same-aged peers without severe/profound ID. These low gait speed and low
BI-scores of persons with severe/ profound ID may explain the limited influence of an
additional visual impairment on gait speed and BI. It was concluded that an additional
visual disability only slightly affects the ability to perform ADL in persons with
severe/profound ID.
The modified Berg Balance Scale (mBBS) is an adapted balance scale that has been
proven to be a feasible and reliable test for persons with ID and visual impairment.
However, the validity of the mBBS to measure balance for this group is yet unknown.
Therefore, the aim of the study in Chapter 3 was to determine the concurrent and
predictive validity of the mBBS in adults with (SP)IVD as these individuals may have
decreased balance and may be at risk for falling. In this study, 55 participants performed
the mBBS, the Center of Gravity test (COG), and the Comfortable Walking Speed test
(CWS). Additionally, the Barthel Index questionnaire (BI) was filled in by the participants’
residential caretakers in order to gain insight into the ability to perform ADL. To monitor
the participants’ number of falling incidents, a monthly registration calendar was
recorded. It was found that, for persons with (SP)IVD, the validity of the mBBS to predict
balance and for predicting risk of falling was not sufficient. Scores of the mBBS were
strongly related to BI and ADL-performance and, to a lesser extent, balance. It was found
that the COG and the CWS were significant predictors of fall incidents and that the mBBS
had no additional predictive contribution. In conclusion, the mBBS is not sufficiently valid
to measure balance nor to predict falls for persons with (SP)IVD.
Persons with SPIVD have low physical fitness levels. Their life expectancy is increasing
while daily functioning decreases with increasing age. For this group, physical decline
begins at a much younger age compared to the general population. Insight into the
physical fitness levels of this population measured over several years is necessary to
track the course of physical fitness over a long-term period, to discover which
components of physical fitness should be improved, and to gain insight into their need for
support and care. The aim of the study in Chapter 4 was to examine changes in physical
fitness levels of 55 individuals with SPIVD and GMFCS Levels 1 and 2 over a ten-year
period. The participants performed the mBBS, the adapted Shuttle Run Test (aSRT), and
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the six-minute walk distance test (6MWD). In addition, Body Mass Index (BMI) and waist
circumference (Wcf) were measured. Due to different levels of motor skills, the
participants with GMFCS Level 1 performed the aSRT and those with GMFCS Level 2 did
the 6MWD. Over this ten-year period, BMI remained reasonably stable as well as Wcf
except for the participants with GMFCS 1 whereby Wcf increased. In contrast to the
general population, we observed a higher percentage of women being obese. Participants
with GMFCS 1 improved on mBBS, and those with GMFCS 2 remained reasonably stable
on mBBS. Cardiorespiratory fitness levels (aSRT and 6MWD) remained quite stable for
both persons with GMFCS 1 and GMFCS 2 over this ten- year period. However,
cardiorespiratory fitness levels were generally low for persons with SPIVD. In conclusion,
for persons with SPIVD and GMFCS Levels 1 and 2, body composition and physical fitness
levels are low but remained stable or improved slightly over a long-term period whereas
waist circumference for persons with GMFCS 1 increased.
Persons with ID generally have low muscle strength particularly of the Quadriceps
muscles. Until now, for persons with (SP)IVD, feasible and reliable instruments to
measure strength are lacking. Also, the time frame that is necessary for persons with
(SP)IVD to learn to adequately perform a strength test is currently unknown. The aim of
the study in Chapter 5 was to examine the feasibility and reliability of three measurement
instruments for Quadriceps strength in persons with moderate to severe ID and visual
impairment (S)IVD) and the degree of the association between these tests. For a period of
five weeks, 29 persons with (S)IVD performed the Minimum Sit to Stand Height Test
(MSST), the Leg Extension test (LE) and, the 30 seconds Chair Stand test (30sCS) within
one session once per week. The feasibility, the learning period, and the reliability of these
three methods was established. It was found that all three of the measurement
instruments were feasible. Also, it was determined that no learning period was required
for the 30sCS, four practice sessions were needed for MSST, and five for the LE in order
to adequately perform the tests. All three methods had sufficient test re-test reliability.
The moderate to sufficient correlations between the MSST, the LE, and the 30sCS
revealed that the tests are complementary. It was concluded that the MSST, LE, and
30sCS are feasible methods for measuring muscle strength in individuals with (S)IVD with
an acceptable learning period and a sufficient test re-test reliability. If Quadriceps
strength is the primary outcome for a training program, it is recommended to use the LE
test as a measuring instrument in persons with (S)IVD. However, if functional aspects
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such as measuring the performance or level of ambulatory activities are deemed
important, then the MSST (flexibility and strength) and 30sCS (muscle endurance and
strength) are of added value for obtaining insight into clients’ ambulatory abilities as well
as their need for support.
Just as with persons with ID, it is expected that individuals with (SP)IVD have less muscle
strength as they may not move sufficiently due to their severe limitations. Progressive
resistance training (PRT) is considered to be safe for individuals experiencing a wide
range of health conditions and disabilities. However, for individuals with (SP)IVD, it was
unknown whether this is a feasible and effective method to improve muscle strength. The
feasibility and the effect of PRT on Quadriceps strength in individuals with (S)IVD is
described in a multiple-case study in Chapter 6. Over a ten-week period, eight persons
with (S)IVD participated two or three times per week in a PRT-program for Quadriceps
strength. The feasibility and the effect of PRT on Quadriceps strength and participants’
personal goals were examined. Quadriceps strength was measured in Week 1, Week 5,
and Week 10 with the 1RM leg extension test (LE), and the participants’ personal goals
were measured with Goal Attainment Scaling (GAS) in Week 1 and Week 10. It was
ascertained that participants attended more than 85% of the PRT sessions and trained
up to the final 80% of their 1RM, indicating sufficient compliance. None of the
participants missed a training session due to lack of motivation. Moreover, all
participants experienced pleasure performing the PRT program and expressed a desire to
continue participating in training sessions. Quadriceps strength increased significantly by
nearly 80%, and the participants’ personal goals were achieved. It was concluded that
PRT is a feasible and potentially effective method for increasing Quadriceps strength as
well as achieving personal goals in persons with moderate to severe ID and visual
impairment with GMFCS Level 1.

Implications
It is important to mention that not all individuals with SPIVD are residing in specialized
institutions for this group but regularly within organizations for persons with ID that are
not specifically aimed at individuals with additional visual impairments. Persons with
SPIVD often demonstrate less initiative to communicate or perform activities due to their
visual impairment. If it is not known whether a visual impairment is present, this could
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easily lead to underestimation of the wishes and skills of the person in question.
Therefore, sufficient attention is important for the timely diagnosis of the presence of and
the degree of a visual impairment that can be offered by two expertise centers in the
Netherlands. With their expertise, they are also able to provide education and advice
about the support and accompanying guidance that is needed as persons with SPIVD
require specific attention and support in their daily activities, living skills, communication,
initiative, and social skills.2 Within the facility where the studies were conducted,
fortunately, increasing attention is being paid to a healthy lifestyle with sufficient physical
activity. An explicit recommendation to all institutions for individuals with ID and
eventually visual impairment or other vulnerable groups is to integrate sufficient exercise
as part of daily support.

Measuring and monitoring physical fitness
Persons with SPIVD have low physical fitness levels. However, these low levels often
remain unnoticed along with a gradual decline in their physical fitness. If those involved
in the care of persons with SPIVD do not notice this, necessary interventions may not be
initiated to prevent further deterioration or improve physical fitness. This can be
prevented by annually measuring and thus monitoring physical fitness in persons with
SPIVD.
It is first essential that all who are involved in the daily care of persons with SPIVD, such
as direct support and care givers including physicians, physiotherapists and gymnastics
instructors, are aware of the low fitness levels in this group. In addition, it is important to
include physical fitness in, e.g., care plans and dossiers in a clear and accessible way.
Furthermore, physical fitness should be a regular element of the curricula of the
educational programs for these professions in order to increase awareness and
knowledge as well as provide a support base so that physical fitness becomes (even)
more of a fixed component of the daily care of this group.
With respect to monitoring physical fitness, a first step has been made in measuring
Quadriceps strength in persons with (S)IVD and GMFCS Levels 1 and 2 (Chapter 5). Using
the MSST, the LE, and the 30sCS, it is possible to gain insight into their Quadriceps
strength, ambulatory skills, and consequently their need for support. A next step is to
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actually use these methods annually to reliably determine Quadriceps strength for this
group as a condition for ambulatory activities and participation (Figure 1. page 11).
Muscle strength can be monitored by scheduling these measurements every year for
persons with SPIVD to be able to detect a decrease over a period of time with the aim to
intervene in time. In addition to this, sufficient muscle mass is proven to be important for
healthy body composition. Regarding body composition of persons with SPIVD, BMI and
Wcf are generally measured regularly. Because a lower BMI with a high Wcf may also
indicate less muscle mass, it appears to be important to also measure fat-percentage
annually in addition to BMI and Wcf.
To monitor physical fitness in a larger group, the MSST, the LE, and the 30sCS or similar
methods may also be feasibly applicable for individuals with more severe and profound
ID and visual impairment and for those who are more limited in their motor skills, for
example, GMFCS Level 3. However, in the future, it is of interest to investigate whether
adapted methods need to be developed for those individuals. In addition, it is expected
that, in addition to these measurements for Quadriceps strength, comparable methods
for measuring muscle strength of other major muscle groups in the upper and lower
extremities are also applicable for persons with (SP)IVD. Measurements that require a
movement in one fixed direction and measurements that require a functional movement
might possibly be feasible with a certain learning period.

Improving and maintaining physical fitness
It was demonstrated that PRT is potentially effective for improving muscle strength and
other components of physical fitness for persons with (S)IVD and GMFCS Level 1. These
improvements will probably be beneficial for activities such as transfers, standing,
walking (gait speed), stand-up, climbing stairs, and cycling which may increase ADLperformance and participation and reduce risk factors for all-cause mortality.
Despite the small study group, it is very likely that PRT is also applicable for persons with
more severe and profound ID and visual impairment and for those who are more limited
in their motor skills. However, for the future, it is important to take a next step and
evaluate the applicability of PRT or other interventions aimed at improving physical
fitness for persons with more severe ID and limited motor skills. If necessary, adapted
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programs can be developed for those individuals. Another continuation of the conducted
study is to carry out a larger study with a control group in order to gain insight into the
effects of PRT in persons with SPIVD. It is likely that, besides PRT of the Quadriceps
muscles (Chapter 6), it is also possible for persons with SPIVD to improve all major
muscle groups in the upper and lower extremities with PRT. This is important as it is
recommended by the American College of Sports Medicine that all major muscle groups
should be trained intensively for better health benefits.3
Although there is still a need for further research, a first step has been made with
promising results after PRT for improvement in Quadriceps strength and the achievement
of personal goals (Chapter 6). Considering these achievements, it appears to be
necessary that training programs or sports be scheduled as a permanent element in the
weekly program of persons with SPIVD just as with other day-spending activities. This may
be required to improve or prevent deterioration of their physical fitness. However, this is
not yet the case in the daily support of this group. A condition for achieving this might be
changing the focus to the abilities of persons with SPIVD rather than to their limitations
regarding training programs and sports. In addition, it is important that those involved in
the care of this group are aware of the exercise opportunities in order to provide better
health conditions for this group. Moreover, awareness is needed that persons with SPIVD
are capable of participating in training programs and might experience it as being fun to
push their personal and fatigue limits and thus really make progress on physical fitness.
Therefore, it is recommended to adopt a positive or stimulating attitude regarding sports
for persons with SPIVD, knowing that training is necessary due to their low physical
fitness and their ability to improve this through training. In addition to the attitude of
support persons, it is important to take into account the stimulating and motivating
influence of training in a group and training in a stimulating environment that is focused
on sports.
From the study that was conducted in Chapter 6, it was discovered that all of the
participants experienced pleasure in training/ sports and that interaction increased
between participants and between participants and the supervisors. These are all very
important factors that are beneficial for personal factors such as motivation and probably
for an increase in participation. In addition, self-confidence in exercise and in daily life
may also increase due to strength training/sports as well as positive behavioural
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changes, increase in initiative, and daring to push boundaries which might be conditioned
for being more active or increasing ADL-performance and participation. Related to the
abovementioned factors, the awareness and, therefore, the actual stimulating influence
of all of the involved professionals and peers of persons with SPIVD is decisive for
actually accomplishing progress on those personal factors in this group.
In general, however, the basic attitude towards pushing boundaries and training with this
vulnerable group can generally be characterised by cautiousness. It is recommended that
physiotherapists and gymnastics instructors actually train individuals with SPIVD with the
associated pushing of boundaries including fatigue limits when possible aiming at
improving muscle strength and physical fitness. To accomplish this, it is essential that
parents, direct support, and caregivers encourage this group to exercise. Furthermore,
physical fitness, strength training and other interventions to improve the physical fitness
of persons with ID or ID with visual impairment, should be a regular part of the curriculum
of studies such as physiotherapy or gymnastics instructor. By gathering knowledge about
these specific target groups with their concerns and possibilities and the opportunities to
actually train these individuals, future professionals have a certain basic knowledge that
is needed for adequately guiding this group of individuals. As it is necessary to push
boundaries, including the fatigue limit, to improve the physical fitness of these groups,
knowledge about this is very important in order to provide high quality care.
The question, however, is to what extent the results obtained by PRT will be maintained
for this group in the long term if it is not possible to schedule sports as a permanent
component in the weekly program of persons with SPIVD. In general, it is difficult to
maintain achieved fitness levels and to prevent deterioration without a fixed continuous
training program. This will not be different for persons with SPIVD. To maintain achieved
fitness levels, environmental factors such as the facility, parents/ legal representatives,
direct support/ care givers, and also physiotherapists and gymnastics instructors play an
important role because they are involved in the daily care of persons with SPIVD. For
example, achieved improved gait speed as a result of an intervention might be retained
by direct support and care givers stimulating walking whenever possible in the daily life of
persons with SPIVD. This may require a different focus on daily care and awareness of
their important role in maintaining physical fitness in this population. On the other hand,
it is crucial that physiotherapists and gymnastics instructors are also aware of this and



16439-Dijkhuizen_BNW.indd 149

03-05-19 08:27

&KDSWHU
ensure proper knowledge transfer to the care providers and guide them in how physical
fitness levels can be maintained in the daily lives of their clients. For example, teach
them to stimulate and guide clients in walking on a treadmill and guide them in how to
stimulate a client’s walking pace during the daily walking moments. A multidisciplinary
collaboration appears to be necessary to develop strategies to stimulate gait speed in
persons with SPIVD during daily care. In this way, improving or maintaining gait speed as
part of physical fitness can become a permanent element of the daily care of this group.
Regarding PRT, it is of interest to gain insight into the long-term effects of strength
training and to monitor the period after an intervention when clients no longer participate
in an intervention. Additionally, it is important to gain insight into the needs to maintain
the effects of a training program. For example, is it necessary to continually incorporate a
fixed frequency of training into daily life in order to prevent them from reverting back to
their earlier lifestyle patterns? What does it take to prevent this possible relapse? Are
factors such as having sufficient time or a fixed time to exercise a condition decisive for
retaining the achieved results or are other environmental factors such as exercising in a
sporting environment or training in a group decisive for this?
Persons with (SP)IVD are likely to be encouraged to continue exercising because of the
effect of group dynamics, a stimulating environment in which it is clearly the intention to
train or practice, and through challenging training instruments, just like the general
population. This makes it important for an organization for persons with (SP)IVD to create
a sporting atmosphere with the pleasure of exercising together in order to guarantee a
positive long-term effect.

Transferring improved physical fitness to ADL-performance and participation
According to the ICF-model shown in Figure 1. (page 14), improved balance, gait speed,
body composition, cardiorespiratory fitness, and Quadriceps strength are related to
activities, ADL-functioning, and participation. The question, however, is whether
improvement of these body functions will actually lead to being physically more active,
improved ADL-functioning, and increased participation. In general, social support is an
important mediator of successfully changing health habits.4 Since persons with SPIVD are
(to a large extent) dependent on the support and care from others, environmental factors
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such as direct support and care givers are not only of influence, but even decisive, for
actually becoming more active and exhibiting increased ADL-performance and
participation. The institutional policy, the attitude of parents, direct support, and care
givers with regard to increasing physical fitness, being active, ADL functioning, and
participation of persons with SPIVD are particularly important to actually achieve this for
this group. Additionally, practitioners such as physiotherapists and gymnastics instructors
are part of these environmental factors and have an important role not only in improving
the physical fitness of this group but also in the actual conversion of improved fitness into
becoming more active, improved ADL-performance, and increased participation in daily
life of persons with SPIVD. Together, these environmental factors may be pivotal in this.
The ICF-model (Figure 1. page 14) reflects these environmental factors, however, not as a
distinguished determining factor for the transfer of physical fitness to activity, ADLfunctioning, and participation. Additionally, in Figure 2. page 15, the dotted arrows
indicate that the direct relation between physical fitness and physical activity as well as
participation is currently unknown for persons with SPIVD. Since the environmental
factors seem to have a decisive influence on the transfer of physical fitness to physical
activity as well as participation for this group, these factors are added as a determining
component for the transfers in Figure 3.
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Figure 3. Adapted integration of models and concepts of I: Schalock5 and III: Bouchard,1
expressing participation, quality of life, physical well-being, physical activity, physical
fitness, and health,2 including environmental factors.
The research in this thesis demonstrated that it is possible to improve components of
physical fitness with an intervention (Chapter 6) aimed at improving ADL-performance
and participation. With this PRT program, Quadriceps strength improved, and personal
goals were achieved, for example, climbing stairs. However, the achieved results from an
intervention or treatment may not automatically lead to more activity or increased ADLfunctioning and participation in daily life of persons with SPIVD. As mentioned above,
environmental factors such as care providers are decisive in this regard given the
guidance and supportive care that these persons require. Furthermore, with a lack of
initiative2 and motivation,6 these individuals will not be inclined to be more active
themselves, do new activities, push boundaries, or participate more in their daily life.
Guidance and support from the environment are essential to accomplish this.
Also, regarding this topic, awareness is required from gymnastics instructors,
physiotherapists, and direct support and caregivers that improved physical fitness in
persons with SPIVD is no guarantee that they will actually perform more activities or that
they will participate more actively in daily life. In this context, the professionals who are
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directly responsible for or involved in the daily care of this group are designated to ensure
that increased physical fitness is also reflected in being more active, improved ADL
performance, and increased participation. In practice, this transfer/translation is often
omitted, and old daily habits or familiar care quickly return. To prevent this and in order to
develop an environment that is facilitating and motivating this group, gymnastics
instructors and physiotherapists should have a supervising role in the transfer of
achieved improved fitness levels to actually increased ADL-performance and
participation. This supervising role could consist of providing feedback and training to
direct support and caregivers in order to establish improvement of attitude and
knowledge. For example, physical therapists could give advice to these individuals on how
to use increased muscle strength during daily life such as picking up their own clothing
from the floor or similar activities in different daily situations or brushing their teeth while
standing rather than sitting, carrying groceries or raking the yard, motivating them to walk
outside, how to guide clients properly, and how to stimulate a person to walk with a
higher speed. In addition, the availability of materials such as a home trainer in a living
room and encouraging its use are important possibilities to stimulate clients to be more
active. Additionally, in daily reports, it should be noted to what extent a person had been
sufficiently active during the day. This could help supervisors to actually ensure that this
group moves sufficiently. It may be needed to investigate which conditions are necessary
for direct support, care givers, and persons with SPIVD (like sufficient time, sufficient
staff, and adequate stimulus) to implement sufficient exercise in the daily lives of persons
with SPIVD. In short, there are many possibilities and opportunities regarding appropriate
activities for individuals with SPIVD aimed at being more active, improved ADL
performance, and increased participation. A plan of action should be made that is
focused on how this increased physical fitness can result in clients becoming more active
or being stimulated to perform tasks that are more difficult in daily life.
Communication between all disciplines involved with a person with SPIVD should be
optimized and become a fixed component during multidisciplinary consultation. Perhaps
a few professionals per discipline can have a pioneering role in this to ensure that this
becomes a broad-based approach. In addition, Goal Attainment Scaling7 can also be
used as an instrument to stimulate clients and those involved in order to actually
increase ADL- performance and participation. In this thesis, a promising example of the
use of GAS scores has been made in persons with (S)IVD.
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Lastly, as mentioned in the introduction, due to their need for support, self-care has a
social context for persons with SPIVD and belongs to ‘participation’.8 Therefore, it is
important for all of those involved in the daily care of persons with SPIVD to focus on the
social context of this care as being participation at times when help or support is
provided. Awareness of this cooperation with each other and the social context of daily
care might also be beneficial to improve participation opportunities for this group. By
stimulating active engagement and involvement of persons with SPIVD in their daily care,
daily activities, social contacts, and societal and leisure activities, participation might
increase.8

Aging
Currently, individuals with ID are reaching older ages. Despite this increase in life
expectancy, older persons with ID often have multiple health problems and an early
functional decline.8 The common understanding is that persons with ID are considered
old after the age of 50 years due to this early onset of functional decline.9-11 In this group,
frailty occurs more often and to a more severe extent at a relatively young age compared
to the general population and increases with age.9,10,12 Moreover,13 within the group with
ID, frailty is more common in individuals with more severe ID due to the high degree of
comorbidity.10,12 Generally, frailty is described as a state of high vulnerability for adverse
health outcomes at an older age.9 Internationally, two operalizations are commonly used
to determine frailty, i.e., the frailty phenotype13 and the Frailty Index.14 In older adults with
ID, both proved to be feasible of which the Frailty Index appeared to be more
applicable.12 These instruments are probably also applicable to persons with SPIVD. For
future research, therefore, it is important to determine the applicability of the frailty
phenotype13 and the Frailty Index14 in order to annually monitor the level of frailty for this
group. It is important to determine frailty in time to be able to intervene timely.
Since there is increasing attention being paid to frailty, first for the general population
and now for persons with ID, it is important to focus more attention on this subject for
individuals with SPIVD. Because physical fitness levels of persons with SPIVD are
worrisomely low, which may affect the daily functioning of this group, research regarding
frailty and how to determine it in this group needs to be developed. For persons with ID, a
higher degree of frailty is predictive for decreased ADL-functioning and mobility and to an
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increased need for care, use of medication, and mortality.9 Perhaps, the measuring
instruments that were obtained to determine the physical fitness of persons with SPIVD
could serve as a basis for the development of physical frailty and social/participation
frailty indexes for this group. It is interesting to examine the possibilities of determining
frailty in persons with SPIVD and for developing a paradigm for this. It is of interest to
further investigate and develop this in conjunction with various experts from the field.
For the general population, frailty can be reduced or even restored with interventions.15,16
However, the higher the degree of frailty, the more difficult it is to reduce it.17 Therefore, it
is recommended that the residential care facilities for persons with (SP)IVD and others
with ID to measure health, fitness levels, and frailty annually throughout the life of the
residents in order to be able to intervene in time. It should even be recommended that
beginning at an earlier time, perhaps during childhood, might prevent these persons’
levels of physical fitness from diminishing. To gain insight into the influence of
intervention programs on frailty and regarding the possibility of reducing frailty in persons
with SPIVD, future research is recommended.

Recommendations
In this thesis, a start has been made in the field of measuring physical fitness and
improvement of these levels with strength training and sports for persons with ID and
visual impairment. Although it seems to be an important step, further research is required
in order to gain additional detailed insight into this.

Recommendations for practice and education
The challenge is to annually measure physical fitness and to actually train at an
appropriate level in order to improve it.
To achieve this, an approach is needed from all involved in persons with SPIVD from ‘care
for’ to ‘care that’.
It is recommended to pay more attention to physical fitness and its improvement for
persons with ID. Therefore, this should be a regular part of the curriculum of various
studies, such as physiotherapy and gymnastics instructor, so that future professionals
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have a certain basic knowledge about this specific target group with their concerns and
opportunities.
Since persons with (SP)IVD have worryingly low fitness levels, it is recommended to
monitor these levels as an integral part of care, annually and lifelong, regarding: body
composition; cardiorespiratory fitness and gait speed; muscle strength and endurance;
balance and ADL-performance. With this monitoring, the necessary care can be
coordinated better and deterioration signaled with the aim to intervene in time.
It is recommended to implement progressive resistance training for all major muscle
groups in upper and lower extremities for individuals with (SP)IVD.
Recommendations for research
For future research, it is recommended to gain insight into training and related
physiological processes specifically for persons with severe or profound ID, whether there
is a ceiling to improve their physical fitness, and which type of training is most beneficial
for improved ADL-performance.
As the risk for being frail is high for individuals with (SP)IVD, future research is
recommended that is aimed at developing an applicable frailty index for persons with
SPIVD, for example, a physical frailty index and a social/participation frailty index. In
addition, it is of interest to investigate the influence of an intervention on the reduction of
frailty in this group.
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Samenvatting

Voldoende fysiek fit en actief zijn, is belangrijk voor het hebben van een goede
gezondheid, de mogelijkheid om te participeren, het welbevinden en de kwaliteit van
leven. Voor mensen met een ernstige of zeer ernstige verstandelijke en visuele beperking
is voldoende bewegen en actief zijn echter niet vanzelfsprekend. Door deze beperkingen
kan hun functioneren in het dagelijkse leven afnemen en lopen zij het risico op het
krijgen van gezondheidsproblemen. Daarom is het van belang om het niveau van de
fysieke fitheid van deze groep te optimaliseren. Het probleem is echter, dat
meetinstrumenten die gebruikt worden om de fysieke fitheid te meten bij de algemene
bevolking, vaak niet geschikt zijn om toe te passen bij mensen met een (zeer) ernstige
verstandelijke en visuele beperking. Dat komt door de beperkte cognitieve vaardigheden,
de visuele beperking, de vaak bijkomende motorische beperkingen en andere
gezondheidsproblemen. Ook trainingsprogramma’s die beschikbaar zijn voor de
algemene bevolking, kunnen daarom mogelijk niet uitgevoerd worden door mensen met
een (zeer) ernstige verstandelijke en visuele beperking. Uitvoerbare, betrouwbare en
valide testen voor het meten van fysieke fitheid en zelfredzaamheid en
trainingsprogramma’s om de fysieke fitheid en zelfredzaamheid te verbeteren zijn nodig
om fitter te worden en om gezond oud te worden.
Veel mensen met een (zeer) ernstige verstandelijke beperking hebben een visuele
beperking. Het is echter niet bekend of deze mensen meer ondersteuning nodig hebben
in hun dagelijkse functioneren dan mensen met een vergelijkbare verstandelijke
beperking, maar zonder deze bijkomende visuele beperking. In hoofdstuk 2 is de impact
van een visuele beperking op het vermogen om activiteiten van het dagelijkse leven (ADL)
uit te voeren onderzocht. Aan deze studie namen 120 mensen deel met een (zeer)
ernstige verstandelijke beperking en 120 mensen met een (zeer) ernstige verstandelijke
en visuele beperking [(Z)EVVB]. Alle deelnemers waren in staat om te lopen zonder
beperkingen, met lichte beperkingen of met een loophulpmiddel. Om het ADLfunctioneren van de deelnemers te meten, zijn de meetinstrumenten Barthel Indexvragenlijst en de comfortabele wandelsnelheid gebruikt. Uit de resultaten bleek dat het
hebben van een aanvullende visuele beperking, voor mensen met een (Z)EVVB slechts
een geringe invloed heeft op hun ADL-prestaties. Het niveau van de motorische
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vaardigheden, de mate van de verstandelijke beperking en de aanwezigheid van een
visuele beperking leidden tot lagere scores van de Barthel Index en ADL-prestaties.
Daarnaast resulteerden lagere motorische vaardigheden (GMFCS-niveaus 2 of 3) en het
hebben van een zeer ernstige verstandelijke beperking in een lagere loopsnelheid.
Opvallend was dat de deelnemers uit deze studie een zeer lage loopsnelheid en lage
Barthel Index-niveaus (ADL) hadden in vergelijking met andere populaties en vergeleken
met hun leeftijdsgenoten zonder een ernstige of zeer ernstige verstandelijke beperking.
Dit lijkt een aannemelijke verklaring voor de gevonden geringe invloed van de
bijkomende visuele beperking op de loopsnelheid en het ADL-functioneren bij deze groep.
Met andere woorden, nog langzamer lopen is bijna niet mogelijk en deze groep kan
waarschijnlijk al zo weinig zelf, dat een visuele beperking bijna niet voor een nog lagere
zelfredzaamheid zorgt. De conclusie was dat een bijkomende visuele beperking slechts
een geringe invloed heeft op het vermogen om ADL uit te voeren bij mensen met een
(Z)EVVB. Om het ADL functioneren en de benodigde zorg voor mensen met een (Z)EVVB
goed in te kunnen schatten is het belangrijk om inzicht te krijgen in hun motorische
vaardigheden, het niveau van de verstandelijke beperking en in de aanwezigheid van een
visuele beperking. Daarnaast is het van belang om de mobiliteit (loopsnelheid) te
verbeteren omdat deze erg laag is bij mensen met (Z)EVVB.
De aangepaste Berg Balans Schaal (mBBS) is een uitvoerbaar en betrouwbaar
meetinstrument voor mensen met een verstandelijke en visuele beperking. Het is echter
nog niet bekend in hoeverre het een valide test is voor het meten van balans bij deze
groep. Het doel van de studie in hoofdstuk 3 was om de validiteit en de voorspellende
waarde van de mBBS te onderzoeken bij mensen met een (ernstige of zeer ernstige)
verstandelijke en visuele beperking [(ZE)VVB], vanwege hun verminderde balans en het
aanzienlijke risico om te vallen. In deze studie voerden 55 deelnemers de mBBS uit om
balans in kaart te brengen, de Center of Gravity om de ligging van het
lichaamszwaartepunt in kaart te brengen en de wandelsnelheid waarmee ze comfortabel
kunnen wandelen. Daarnaast werd de Barthel Index-vragenlijst ingevuld door de
begeleiders van de deelnemers om inzicht te krijgen in het ADL functioneren. Om het
aantal valincidenten van de deelnemers in kaart te brengen, werd een maandelijkse
registratiekalender bijgehouden gedurende een periode van 26 weken. De resultaten
toonden aan dat, voor mensen met (ZE)VVB, de mBBS een lage validiteit heeft voor wat
betreft het meten van balans en een lage voorspellende validiteit ten aanzien van
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valrisico. Gevonden werd dat de balans, gemeten met de mBBS, sterk gerelateerd was
aan de uitkomsten van de Barthel Index en dus aan ADL-prestaties en in mindere mate
aan balans. Het meten van het lichaamszwaartepunt en de comfortabele wandelsnelheid
bleken significante voorspellers te zijn van valincidenten terwijl de mBBS geen
aanvullende voorspellende waarde had. Concluderend, de validiteit van de mBBS is niet
toereikend om balans te meten noch om vallen te voorspellen voor mensen met een
(ZE)VVB. Aanbevolen wordt, om een vervolgstudie uit te voeren bij mensen met (ZE)VVB,
die gericht is op de voorspellende waarde van het bepalen van het lichaamszwaartepunt
en de comfortabele wandelsnelheid. Deze testen zijn veelbelovend om valrisico te
kunnen voorspellen, echter onderzoek naar de uitvoerbaarheid en test-hertest
betrouwbaarheid van deze testen wordt aanbevolen evenals nader onderzoek bij een
grotere groep participanten naar de voorspellende validiteit van valincidenten. Op deze
manier kunnen mensen met (ZE)VVB geïdentificeerd worden die een grotere kans maken
op vallen en kans hebben op recidiverende of meerdere valincidenten.
De levensverwachting van mensen met verstandelijke beperkingen neemt toe, terwijl het
dagelijks functioneren afneemt bij het ouder worden. Voor deze groep begint de
veroudering op veel jongere leeftijd in vergelijking met de algemene bevolking. Daarom is
inzicht in fysieke fitnessniveaus van mensen met een (ernstige en zeer ernstige)
verstandelijke en visuele beperking [(ZE)VVB)] noodzakelijk om het verloop van hun
fysieke fitheid over een lange periode te bepalen, om te ontdekken welke componenten
van fysieke fitheid moeten worden verbeterd en om inzicht te krijgen in hun behoefte aan
ondersteuning en zorg. In hoofdstuk 4 zijn de veranderingen in fysieke fitheidsniveaus
van 55 mensen met (ZE)VVB, die konden lopen (GMFCS 1 en 2), over een periode van
tien jaar onderzocht. Gedurende deze periode van tien jaar voerden de deelnemers de
aangepaste Berg Balance Scale (mBBS), de aangepaste Shuttle Run Test en 6-minuten
wandeltest uit en daarnaast werd hun Body Mass Index (BMI) en taille omvang gemeten.
Vanwege de verschillen in motorische niveaus, hebben de deelnemers met GMFCSniveau 1, de aangepaste Shuttle Run test uitgevoerd en de deelnemers met GMFCSniveau 2, de 6-minuten wandeltest. Uit de resultaten bleek dat, gedurende deze periode
van tien jaar, de BMI redelijk stabiel bleef evenals de taille omvang, behalve voor de
deelnemers met GMFCS 1, waarbij de taille omvang toenam. Gevonden werd dat het
percentage vrouwen met obesitas hoger was in vergelijking met mannen, ditzelfde werd
voor centrale obesitas (taille omvang) gevonden. Voor de deelnemers met GMFCS 1, nam
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de mBBS-score toe en de mBBS bleef voor de GMFCS 2-groep redelijk stabiel. De
cardiorespiratoire fitnessniveaus bleven nagenoeg stabiel voor zowel mensen met
GMFCS 1 als 2. Echter, de resultaten op de 6-minuten wandeltest waren vergelijkbaar of
zelfs lager dan voor mensen met specifieke (chronische) gezondheidsproblemen zoals
hartfalen en COPD. Concluderend, voor mensen met (ZE)VVB en GMFCS-niveaus 1 en 2,
bleven de lichaamssamenstelling en fysieke fitheidsniveaus stabiel of verbeterden ze
licht gedurende een lange periode, waarbij echter wel een toename van de taille omvang
voor mensen met GMFCS 1 en een hoger percentage van vrouwen met obesitas werd
waargenomen in vergelijking met mannen. Daarnaast werden lage cardiorespiratoire
fitnessniveaus gevonden voor mensen met (ZE)VVB vergeleken met andere kwetsbare
doelgroepen. Aanbevolen wordt, om een grotere groep mensen met (ZE)VVB gedurende
een periode van decennia te monitoren, om zodoende de veranderingen in
lichaamssamenstelling en fysieke fitheid bij veroudering te onderzoeken en uitkomsten
vergeleken kunnen worden met ouderdomsverschijnselen in de algemene bevolking.
Mensen met een verstandelijke beperking hebben lage spierkracht, in het bijzonder van
de Quadriceps spieren. Tot op heden ontbreekt echter een goed uitvoerbaar en
betrouwbaar meetinstrument om de spierkracht te meten bij mensen met een (ernstige
of zeer ernstige) verstandelijke en visuele beperking. Ook is het tijdsbestek waarin deze
groep mogelijk kan leren om een spierkracht test goed uit te voeren onbekend. Het doel
van de studie in hoofdstuk 5 was, om de uitvoerbaarheid en de betrouwbaarheid van drie
meetmethoden te onderzoeken om de spierkracht van Quadriceps spieren te meten bij
mensen met een (ernstige) verstandelijke en visuele beperking (E)VVB. Tijdens deze
studie voerden 29 deelnemers de 30 seconden Chair Stand-test (30sCS) uit, waarbij ze in
30 seconden zo vaak mogelijk moesten gaan staan en gaan zitten zonder steun van de
handen, de Leg Extension-test (LE), waarbij ze met een zo zwaar mogelijk gewicht de
benen moesten strekken en de Minimum Sit-to-Stand Height Test (MSST), waarbij ze
vanuit een zo laag mogelijke positie moesten komen tot stand zonder gebruik te maken
van steun van de handen. Deze testen werden binnen één sessie, één keer per week
gedurende een periode van vijf weken uitgevoerd door de deelnemers. In deze studie met
herhaalde metingen, werden de uitvoerbaarheid, de leerperiode en de betrouwbaarheid
van deze drie meetinstrumenten onderzocht. Daarnaast is de samenhang tussen scores
van deze verschillende meetinstrumenten onderzocht. Uit de resultaten blijkt dat alle drie
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meetmethoden goed uitvoerbaar waren voor mensen met (E)VVB. Er was geen
leerperiode vereist voor het goed kunnen uitvoeren van de 30sCS, voor het goed
uitvoeren van de LE waren vijf oefensessies nodig en voor de MSST vier. Alle drie de
methoden hadden een goede test-hertest betrouwbaarheid en er werden matige tot
voldoende correlaties gevonden tussen de 30sCS, de LE en de MSST. Klinisch gezien
lijken deze tests elkaar gedeeltelijk aan te vullen. Om deze reden wordt aanbevolen om,
indien (toename van) Quadricepskracht als doel wordt gesteld van een
trainingsprogramma, de LE-test als meetinstrument legitiem zou zijn om te gebruiken
voor mensen met (E)VVB. Echter, als daarnaast ook functionele aspecten en lenigheid
geëvalueerd dienen te worden, is de MSST geschikter en voor het meten van functionele
aspecten en uithoudingsvermogen is de 30sCS juist van toegevoegde waarde. In dat
geval kunnen deze meetinstrumenten worden gebruikt als een test-set, om inzicht te
krijgen in de ambulante vaardigheden van mensen met een (E)VVB en hun behoefte aan
ondersteuning. Concluderend, de drie onderzochte testen zijn goed uitvoerbare en
betrouwbare meetinstrumenten om Quadriceps kracht te meten bij mensen met (E)VVB,
met een aanvaardbare leerperiode.
De verwachting is dat mensen met een (Z)EVVB minder spierkracht hebben omdat ze
mogelijk niet voldoende bewegen vanwege de ernst van hun beperkingen. Progressive
Resistance Training (PRT), waarbij de krachtoefeningen steeds zwaarder worden, blijkt
een veilige manier van trainen te zijn voor mensen met uiteenlopende
gezondheidssituaties en beperkingen. Echter, voor mensen met (ZE)VVB is kennis over de
uitvoerbaarheid en het effect van PRT beperkt. In hoofdstuk 6 is de uitvoerbaarheid en
het effect van PRT van de Quadriceps spieren onderzocht bij mensen met een (E)VVB.
Aan deze multiple-case study namen 8 mensen deel, met een matige tot ernstige
verstandelijke en visuele beperking en GMFCS-niveau 1. De deelnemers voerden drie
keer per week gedurende een periode van tien weken, een PRT-programma uit ter
verbetering van de Quadricepskracht. De uitvoerbaarheid en het effect van PRT op de
Quadricepskracht, alsmede het bereiken van persoonlijk gestelde doelen van deelnemers
werd onderzocht. De Quadricepskracht werd gemeten in week 1, week 5 en in week 10
door middel van de 1RM Leg Extension test (LE) en de persoonlijke doelen van de
deelnemers werden gemeten met Goal Attainment Scaling in week 1 en week 10.
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Eventuele absentie van de deelnemers en de reden daarvoor, werden per trainingssessie
geregistreerd. Het percentage succesvolle trainingen was 87.8% en deelnemers trainden
volgens het vooraf vastgestelde PRT-programma tot de uiteindelijke 80% van hun 1RM.
Dit geeft aan dat het programma goed uitvoerbaar was voor deze onderzoeksgroep. Geen
van de deelnemers miste een training vanwege een gebrek aan motivatie. De
Quadricepskracht steeg met 69% en de persoonlijke doelen van de deelnemers werden
behaald. We concludeerden dat PRT een goed uitvoerbare en potentieel effectieve
methode is om Quadricepskracht te vergroten en om persoonlijke doelen te bereiken bij
mensen met (E)VVB en GMFCS-niveau 1. Deze studie kan worden gebruikt als basis voor
een grotere studie met een controlegroep om zodoende inzicht te krijgen in de effecten
van PRT bij mensen met een verstandelijke en visuele beperking. Daarnaast is het aan te
bevelen om een vergelijkbare studie uit te voeren bij mensen met een ernstiger mate van
verstandelijke en visuele beperking of bij mensen uit deze groep met meer motorische
beperkingen of een combinatie van beide. Ook is het van belang om het lange
termijneffect van PRT te onderzoeken middels een follow-up meting. Tot slot, was deze
studie alleen gericht op PRT van de Quadricepsspieren, echter, alle grote spiergroepen
zouden intensief getraind moeten worden (totale lichaamstraining), voor grotere
potentiële gezondheidsvoordelen.
Met behulp van de uitgevoerde studies is meer inzicht verkregen in de impact van visuele
beperkingen op de ADL-prestaties, in de validiteit van de mBBS, de fysieke fitheid
gedurende een lange periode, de toepasbaarheid van spierkrachtmetingen en de
uitvoerbaarheid en de effecten van PRT bij mensen met (ZE)VVB.
In dit proefschrift is een begin gemaakt met het meten van fysieke fitheid en het
verbeteren hiervan met behulp van een krachttrainingsprogramma voor mensen met een
verstandelijke en visuele beperking. Hoewel dit een belangrijke stap lijkt te zijn, is verder
onderzoek nodig om hier nog meer inzicht in te verkrijgen. In hoofdstuk twee tot en met
zes zijn naast conclusies ook aanbevelingen gedaan die vooral gericht zijn op
vervolgonderzoek terwijl in hoofdstuk zeven met name aanbevelingen worden gedaan
voor de dagelijkse zorg van mensen met een (ZE)VVB. Hieruit komt naar voren dat het
daadwerkelijk jaarlijks meten van de fysieke fitheid van mensen met (ZE)VVB en het
daadwerkelijk op een passend niveau trainen van deze groep, een grote uitdaging is voor
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mensen die deze doelgroep ondersteunen. Om dit te kunnen bereiken is een andere
aanpak nodig van alle betrokkenen van mensen met (ZE)VVB, namelijk van ‘zorgen voor’
naar ‘zorgen dat’. Fysieke fitheid en de verbetering daarvan bij mensen met (ZE)VVB, zou
een vast onderdeel moeten zijn van het curriculum van verschillende studies, zoals
fysiotherapie en sportstudies, zodat toekomstige professionals een zekere basiskennis
hebben over deze specifieke doelgroep met hun zorgen en hun kansen. Omdat mensen
met (ZE)VVB zorgwekkend lage fysieke fitheidsniveaus hebben, is het belangrijk om de
fysieke fitheid te monitoren als een integraal onderdeel van de zorg, jaarlijks en
levenslang, met betrekking tot: lichaamssamenstelling; cardiorespiratoire fitheid en
loopsnelheid; spierkracht en uithoudingsvermogen; balans en ADL-functioneren. Met
behulp van deze monitoring kan de noodzakelijke zorg beter worden gecoördineerd en
kan achteruitgang van fitheidsniveaus tijdig worden gesignaleerd om zodoende op tijd te
kunnen ingrijpen. Tenslotte wordt aanbevolen om progressieve weerstandstraining in het
weekprogramma van mensen met (ZE)VVB te implementeren, als vast onderdeel van de
zorg, voor alle belangrijke spiergroepen in de bovenste en onderste ledematen. Zoals
eerdergenoemd is er op het gebied van het meten van de fysieke fitheid en het
verbeteren hiervan voor mensen met een verstandelijke en visuele beperking een mooi
begin gemaakt maar is er nog veel onderzoek nodig om hierin nog meer inzicht in te
verkrijgen. Zo is het bijvoorbeeld nodig om meer inzicht te krijgen in het trainen van
mensen met (ZE)VVB en de daaraan gerelateerde fysiologische processen specifiek voor
deze groep, om te onderzoeken of er sprake is van een zogenaamd ‘plafond’ om hun
fysieke fitheid te verbeteren en om inzicht te krijgen in welk type training het meest
gunstig is voor verbeterde ADL-prestaties bij deze groep. Omdat het risico op
kwetsbaarheid/frailty hoog is voor mensen met een (ZE)VVB, is het van belang om een
toepasbare kwetsbaarheidsindex te ontwikkelen voor mensen met (ZE)VVB, met name op
het fysieke en sociale domein. Daarnaast is het van belang om de invloed van een
interventie, zoals een PRT, op de mate van kwetsbaarheid in deze groep te onderzoeken.
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Dankwoord

Promoveren doe je niet alleen. Graag wil ik iedereen bedanken, die op wat voor manier
dan ook, betrokken is geweest bij de onderzoeken en iedereen die me heeft bijgestaan in
het voltooien van dit proefschrift. Zonder iemand tekort te doen, wil ik graag een aantal
mensen in het bijzonder bedanken.
Allereerst wil ik mijn begeleiders bedanken, promotor Prof. dr. C.P. van der Schans en copromotores Dr. A. Waninge en Dr. W.P. Krijnen.
Beste Aly, jij hebt me vanaf het begin aan de hand genomen en stap voor stap kennis
laten maken met het doen van wetenschappelijk onderzoek bij de bijzondere doelgroep,
mensen met een verstandelijke en visuele beperking. Al ver voor aanvang van mijn
promotietraject werkten we samen. Eerst samen studenten van de opleiding
fysiotherapie begeleiden tijdens het uitvoeren van hun afstudeeropdrachten en
langzamerhand groeide dat uit tot meer en zie hier nu zelfs een echt proefschrift. Ik
bewonder je bevlogenheid, positiviteit, enorme doorzettingsvermogen, helikopterblik en
kennis en kunde. Elke ‘overwinning’ verdiende een pluim en een enthousiaste high five.
Van begin tot eind heb je me vol overgave begeleid, prettig, snel en accuraat feedback
gevend, altijd op een opbouwende manier. Je hebt me steeds meer vertrouwen gegeven
en losgelaten maar je was er altijd op momenten dat het nodig was, gelijk een telefoontje
of een berichtje. Aly, ontzettend veel dank voor alles.
Beste Cees, toen ik jaren terug aangaf dat ik graag wat meer wilde leren over het doen
van onderzoek, was je gelijk enthousiast en stelde je me voor aan Aly. Een schot in de
roos. Je hebt me vanaf het begin van mijn (pre)promotietraject begeleid op een erg
prettige manier. Altijd vol enthousiasme en positiviteit met humor en ook even tijd voor
andere praat. Op momenten van ‘paniek’, alles even in perspectief zetten, relativeren,
geruststellen en positief doorgaan. Op die momenten viel er een last van mijn schouders
en kon ik vol goede moed verder. Ik heb me erg op mijn gemak gevoeld met de manier
waarop je me hebt begeleid en dat heeft ervoor gezorgd dat ik steeds sterker in mijn
schoenen begon te staan. Hierdoor ben ik aardig wat drempels overgestapt, zelfs een
presentatie op een internationaal congres in het Engels, wie had dat gedacht, ikzelf niet.
Daarnaast je altijd waardevolle visie, je kennis en kunde. Ik herinner me, op momenten
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dat we tijdens een gezamenlijk overleg ergens niet goed uitkwamen, dat jij vanuit een
geheel ander perspectief met de oplossing kwam. Cees, heel veel dank voor alles, voor
de prettige begeleiding, je positiviteit, je accurate en zeer waardevolle feedback, ik heb
de afgelopen jaren als een hele leerzame en fijne periode ervaren waarin ik enorm heb
kunnen groeien.
Beste Wim, als co-promotor heb je je later aangesloten bij Cees en Aly. Toch hadden we al
wel vanaf het begin van mijn promotietrajcet samengewerkt, jij als statisticus en coauteur van de eerste artikelen. Een logische stap was dat jij co-promotor zou worden
vanwege je betrokkenheid bij de uitgevoerde studies. Het bleek een goed lopend team
met jou erbij. Altijd vriendelijk en betrokken en geduldig. Door jouw expertise werd ik stap
voor stap meegenomen in de wereld van de statistiek en gemotiveerd om mij daar ook
steeds meer in te verdiepen, zeg maar rustig in vast te bijten. Het heeft me heel wat
uurtjes gekost maar de voldoening dat je wat meer grip op deze materie krijgt is groot.
Dank Wim voor je geduldige uitleg en het creatieve meedenken, je scherpe kritische blik,
je accurate en waardevolle feedback en het ‘vlooien’ van de stukken die je onder ogen
kreeg. Ik heb veel van je geleerd en heb onze samenwerking erg gewaardeerd.
Naast mijn begeleiders wil ik ook mijn co-auteurs bedanken voor hun inbreng en fijne
samenwerking. Thessa Hilgenkamp, ontzettend bedankt voor je uitvoerige feedback, je
enorme gedrevenheid en enthousiasme. Ik heb bewondering voor je expertise en energie
en heb ontzettend veel aan onze samenwerking gehad en erg veel van je geleerd, heel
veel dank Thessa. Rob Douma, heel erg bedankt voor alles. Het was me een genoegen
om met jou samen te werken, je bent niet alleen een hele goede collega van me maar
ook m’n maat. Wat hebben we gesjouwd met die ontilbare fitnessapparaten, heel
Groningen door in een gehuurde vrachtauto om uiteindelijk de Leg Extension naar Vries
te brengen voor ons onderzoek. Wat hebben we gelachen om de hilarische situaties
waarin we terecht kwamen en wat hebben we vervolgens een pien in de rug gehad. Rob,
heel veel dank voor je inbreng en je expertise, ik heb erg veel van je geleerd. Seph
Hermans, heel hartelijk dank voor de fijne samenwerking. Je bevlogenheid en
enthousiasme werkte aanstekelijk. Dankzij jou hebben we Goal Attainment Scaling een
onderdeel kunnen laten zijn van onze studie. Het bleek een erg belangrijk onderdeel te
zijn, niet alleen voor de cliënten maar ook voor de professionals in het werkveld en op het
gebied van onderzoek. Heel veel dank dat je je expertise met mij wilde delen, je geduld
en je inbreng.
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De leden van de beoordelingscommissie, Prof. dr. A. A. J. van der Putten, Prof. dr. A. J. H.
M. Beurskens en Prof. dr. P. P. De Deyn. Heel hartelijk dank voor het lezen en beoordelen
van dit proefschrift. Voor uw bereidwilligheid om deel te nemen aan de oppositie, voor uw
moeite en tijd wil ik ook graag mijn dank uitspreken.
Mijn paranimfen, Sander en Yvonne. Voor mij is de verdediging van het proefschrift
eigenlijk het spannendste onderdeel. Wat ontzettend fijn dat jullie me daarbij letterlijk
terzijde wilden staan. Een bijzonder moment om samen te beleven, heel veel dank
daarvoor.
De collega’s van het lectoraat, Healthy Ageing, Allied Health Care and Nursing en de
onderzoeksgroep. Judith, tijdens mijn eerste jaar, heel hartelijk dank voor alles. Ineke en
Trudy, ontzettend bedankt voor alles, jullie flexibiliteit, gezelligheid en alle hulp en
ondersteuning, altijd onder het mom van ‘daar zijn wij voor’, geweldig. De leden van de
onderzoeksgroep, dank voor jullie feedback en meedenken tijdens de
onderzoeksbijeenkomsten. Zonder iemand tekort te willen doen wil ik graag een paar
promovendi bij naam noemen om te bedanken, Rianne, Mariël, Leentje, Annelies, Ellen
en Rik. Wat was het fijn om tijdens dit traject samen op te kunnen trekken met een
maatje. Dinette, ontzettend bedankt voor alles. Ik heb genoten van onze gezamenlijke
activiteiten, samen op cursus, op pad naar het congres in Den Haag, onze gesprekken,
de appjes, de slogan ‘Blief kalm en kop der veur’ en daar gingen we weer, elkaar moed in
praten, lachen en relativeren. Naast het plezier dat we samen hebben gehad ben je me
enorm tot steun geweest, dank je wel.
Koninklijke Visio de Brink, heel hartelijk dank. Allereerst ben ik veel dank verschuldigd
aan de cliënten, cliëntvertegenwoordigers, ouders en alle betrokken medewerkers.
Zonder jullie gastvrijheid, toestemming, flexibiliteit en enthousiaste medewerking had dit
onderzoekstraject niet kunnen plaatsvinden. De tijd die ik heb doorgebracht op de Brink
was erg inspirerend en leerzaam. Ik heb veel bewondering voor de passie en tomeloze
inzet van jullie. De fysiotherapeuten wil ik ook graag bedanken, Peter, Jetty, Renate en
Gineke hartelijk dank voor jullie gastvrijheid, hulp, collegialiteit en fijne gesprekken.
Gineke, onze wegen hebben elkaar nog vaker gekruist als promovendi van dezelfde
doelgroep. Ik heb onze gesprekken, je waardevolle feedback, je wijsheid, integriteit en je
visie enorm gewaardeerd evenals je vele vakantietips. De bewegingsagogen ben ik
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ontzettend veel dank verschuldigd. Eric, Marjan, Janine, Henny en Jackie, dank voor al
jullie hulp, enthousiasme, het denken in mogelijkheden, inbreng, energie, positiviteit en
inzet. Het was me een genoegen om met jullie samen te werken, ik heb genoten van jullie
gastvrijheid en warme onthaal, telkens als ik weer langskwam om jullie medewerking te
vragen voor een onderzoek, teamwork.
Jenny Hill, thank you very much for improving the articles. It was a pleasure working with
you.
Als coach wil ik Margreet Roorda heel hartelijk danken. Margreet, je bent van
onschatbare waarde, naast je geweldige expertise ben je ook een geweldig mens.
Ontzettend bedankt voor de coaching en al je adviezen, je hebt erg veel voor me
betekend de afgelopen jaren.
De studenten fysiotherapie die op wat voor manier dan ook hebben meegewerkt aan een
van de studies wil ik graag hartelijk danken. Ik heb onze samenwerking als erg plezierig
en waardevol ervaren.
De dean en teamleiders van de opleiding Fysiotherapie van de Hanzehogeschool
Groningen wil ik heel hartelijk danken. Arwin Nimis, Jan Peter Landsman en Karin
Sulmann, dank voor de facilitatie van mijn promotietraject. Jan Peter, als teamleider,
dank voor het meedenken en meeleven, je belangstelling en je enthousiasme, dat heb ik
als erg prettig ervaren. Het team management ook heel hartelijk dank. José en Ronald,
altijd goedgestemd en hulpvaardig, de reminders als ik weer eens iets was vergeten in de
drukte. Anja Kraster, jij ook dank voor alle hulp. Anja Pluijter, ontzettend bedankt voor
alles wat je altijd hebt gedaan. Dankzij jou was het mogelijk om qua roostering het
proefschrift af te ronden. Dank voor je luisterend oor en de fijne gesprekken die we
hebben gehad, je bent goud waard voor de opleiding en een geweldig mens.
Mijn collega’s en ex-collega’s van de opleiding Fysiotherapie, heel hartelijk voor onze
samenwerking en voor jullie belangstelling de afgelopen jaren. Wat is het fijn om zoveel
leuke, inspirerende en gezellige collega’s te hebben. Zonder iemand tekort te willen doen
wil ik graag een paar collega’s bij naam noemen om te bedanken. Angeline, dank voor je
oppeppende berichtjes en dat je ervoor zorgde dat ik aan chocolade geen gebrek had
tijdens het schrijven. Dan ook een speciaal woord van dank aan alle kamergenoten en
aanverwanten van de oude kamer A.014 en appgroep Eikeltje te weten, Paul, Rob D,
Ron, Rob B, Albert, Letty, Roland, Tim, Caspar, Hans L, Harry, Jan en Egbert. De ruwe
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bolsters met blanke pitten, dank voor jullie steun en hulp, jullie knuffels en gekkigheid,
aan de ene kant humor en plezier en aan de andere kant het er voor elkaar zijn, alles
voor mij van onschatbare waarde. Daarvan nog even speciaal een dankwoordje voor
Paul, voor alle hulp, wat heerlijk dat je altijd overal een antwoord op hebt en je
bereidwilligheid om iets uit te leggen en Roland, dank voor het uit de brand helpen met
de ‘figuren’.
Ik heb het geluk dat ik daarnaast ook nog een hele lieve familie heb en fijne vrienden.
Ook als we elkaar niet zien, weet ik dat jullie er voor mij zijn, dank daarvoor.
Elke week lekker dansen met de dansgroep, even de zinnen verzetten met alleen maar
leuke ‘meiden’, dank voor jullie gezelligheid, de ontspanning en het fijne contact en
plezier dat we met elkaar hebben. Paulien, dank voor je vriendschap, je steun, je
interesse en de fijne gesprekken. Ellen, elke week een stevige wandeling in de Drentsche
frisse buitenlucht doet wonderen, dank voor je vriendschap, de fijne gesprekken en je
steun. Caroline en Monica, dank voor jullie vriendschap, het meedenken, de fijne
gesprekken, de steun, de leuke dingen die we samen ondernemen en het plezier samen.
Peter en Jotika, als oudste ben je altijd een lieve rustige en wijze broer Peter, een rots in
de branding. Altijd zijn jullie positief en denken jullie mee, wat fijn dat jullie er voor mij
zijn. Ontzettend bedankt voor jullie steun en hulp, belangstelling en enthousiasme. Dank
ook voor de ‘vakantie/reis lessen’die jullie ons hebben gegeven, voor mij ook een
ontdekkingsreis.
Yvonne en Bert, als zus sta je altijd achter me, vol overgave en passie steun je me door
dik en dun. Wat heb ik daar veel aan gehad de afgelopen jaren en nog steeds. Ontzettend
bedankt daarvoor. Jullie wonen niet in de buurt maar zijn altijd vlakbij, dank voor jullie
steun, hulp, interesse, eerlijkheid, meedenken en jullie enthousiasme. Altijd even een
kaartje of een verrassing bij elke mijlpaal, of op momenten dat ik het even nodig had, zo
attent en lief, heel veel dank daarvoor.
Martijn en Julian, twee geweldige neven. Martijn, dank voor je gezelligheid, je
enthousiasme en dat je er altijd voor zorgt dat ik overal veilig naar toe kan rijden. Julian,
dank voor het helpen met de cover van het proefschrift, het is prachtig geworden dankzij
jouw inspanningen.
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Wat heb ik een geluk met zulke fantastische lieve ouders. Lieve pa en moe, jullie zijn
altijd zo goed voor mij geweest en zijn dat nog steeds. In voor- en tegenspoed, altijd staan
jullie voor me klaar, niks is te veel. Ontzettend bedankt voor alles wat jullie voor mij
hebben gedaan, ik weet dat jullie erg trots op me zijn en dat ben ik ook op jullie. Dank dat
jullie achter me staan, voor jullie steun, meedenken en jullie enthousiasme en positiviteit.
Bij het nieuws van een geaccepteerd artikel stonden jullie gelijk met een bos bloemen
voor de deur en in drukke tijden met een pan boerenkool, dank mam, geweldig. Ik hoop
dat we nog veel samen blijven klussen pap, al pratend of gewoon muziekje aan en
doorwerken tot het klaar is. Heel erg bedankt voor alles.
Sander en Marit, de belangrijkste personen in mijn leven. Dank jullie wel voor jullie begrip
als ik ‘druk’ was, weer eens diep zat na te denken en er toch niet helemaal bij was met
mijn gedachten. Jullie flexibiliteit, in erg drukke tijden was erg fijn, even wat eten halen in
plaats van koken, het was allemaal geen probleem. Marit, jouw styling tips over de
kledingkeuze en de stijl van de cover waren van onschatbare waarde, dank je wel. Ik ben
ontzettend trots op je. Sander, ontzettend bedankt voor jouw hulp met heel veel figuren
uit het proefschrift. Als ik weer eens zat te prutsen en ten slotte jou om hulp vroeg, was je
altijd bereid even te helpen. Dankzij jou zijn die figuren erg mooi geworden. Daarnaast
heb jij de foto gemaakt die nu op de cover staat, het was bijzonder en leuk om samen te
doen. Ik ben ontzettend trots op je. Lieve Sander en Marit, zonder jullie was het nooit
gelukt om dit traject positief af te sluiten, heel heel erg bedankt daarvoor.
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