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1  | INTRODUCTION

Muscle strength and muscle endurance are components of health‐
related physical fitness in addition to body composition, cardio‐
respiratory fitness and flexibility (American College of Sports 
Medicine (ACSM), 2013). Muscle strength contributes to mobility 
which affects quality of life (Brooks & Faulkner, 1994), and the 
strength of the lower limbs is important for ambulatory activities 
(Bassey et al., 1992). Loss of strength in these muscles may lead 
to a decrease in daily activities (Vinciguerra, Musaro, & Rosenthal, 
2010) and diminished health‐related quality of life (Mostert, Goris, 
Weling‐Scheepers, Wouters, & Schols, 2000; Rantanen et al., 1999). 

Moreover, the weakness of Quadriceps is a predictor of mortality 
(Newman, Kupelian, & Visser, 2006) as they are one of the first mus‐
cles that degenerates due to inactivity (Boonyarom & Inui, 2006).

Persons with intellectual disabilities have less muscle strength 
particularly in the Quadriceps muscles (Horvat, Croce, Pitetti, & 
Fernhall, 1999) compared to their peers without ID (Carmeli, Imam, 
& Merrick, 2012). This may be related to a sedentary lifestyle (Borji, 
Zghal, Zarrouk, Sahli, & Rebai, 2014; Hall & Thomas, 2008) as well 
as a central nervous system failure to activate motor units and to 
some abnormal intrinsic muscle properties (Borji et al., 2014). It has 
previously been shown that persons with ID and visual impairment 
are physically weaker compared to those with ID (Hilgenkamp, 
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Abstract
Background: Knowledge concerning the feasibility and effects of progressive resist‐
ance training (PRT) for persons with intellectual disabilities 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 par‐
ticipants' Quadriceps strength and personal goals.
Methods: Eight Participants followed a PRT program for 10 weeks. Feasibility was 
determined by percentage of attendance and compliance. The effect of PRT was ana‐
lyzed 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 sig‐
nificantly 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 intellectual 
disabilities and visual impairment with GMFCS Level 1.
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Wijck, & Evenhuis, 2012; Waninge et al., 2011; Waninge et al., 2010; 
Waninge, Evenhuis, Wijck, & Schans, 2016).

Improvement in muscle strength is associated with positive 
changes in functional activities for adults with Down syndrome 
(Carmeli, Kessel, Coleman, & Ayalon, 2002; Cowley et al., 2011) and 
in work‐related skills of persons with ID (Zetts, Horvat, & Langone, 
1995). A threshold for Quadriceps strength concerning common 
tasks in daily life was found (Cress & Meyer, 2003) whereby higher 
force production is associated with better functional performance 
in the general population (Cress et al., 1996; Foldvari et al., 2000) 
as well as in persons with ID (Carmeli et al., 2012; Cowley et al., 
2010). A higher level of physical fitness also improves the ability 
to perform general daily activities of persons with ID (Hilgenkamp, 
Wijck, & Evenhuis, 2010; Oppewal, Hilgenkamp, Wijck, Schoufour, 
& Evenhuis, 2014) and those with severe/profound ID with visual 
impairment (Dijkhuizen, Hilgenkamp, Krijnen, Schans, & Waninge, 
2016). Changes in these functional activities can be measured with 
Goal Attainment Scaling (GAS; Kiresuk & Sherman, 1968), which is 
mainly used in rehabilitation care to measure individual goals fo‐
cused on activities and participation levels (Steenbeek, Ketelaar, 
Galama, & Gorter, 2007; Turner‐Stokes, Williams, & Johnson, 
2009; Bovend'Eerdt, Botell, & Wade, 2009). Although it is not 
frequently used as a research method in persons with severe of 
profound intellectual and visual disabilities, it seems to be a very 
useful outcome measure to evaluate the effects of an interven‐
tion on individual goals. Thereby, determining the individual goals 
can influence people's involvement and has a positive effect on 
the achievement of these goals (Ekström‐Ahl, Johansson, Granat, 
& Carlberg, 2005).

Progressive resistance training (PRT) has been evaluated and 
found to be safe for persons with a variety of health conditions 
and disabilities (Taylor, Dodd, & Damiano, 2005). It has also been 
found effective at improving endurance and strength for persons 
with Down syndrome (Shields & Taylor, 2010; Shields, Taylor, & 
Dodd, 2008; Shields et al., 2013) with high adherence and no se‐
rious adverse events recorded (Shields & Taylor, 2010). 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 programmes for persons 
with ID (Borji et al., 2014; Calders et al., 2011) and a past study 
has demonstrated successful use of the leg extension test for indi‐
viduals with ID and visual impairment (Dijkhuizen, Douma, Krijnen, 
Schans, & Waninge, 2018), PRT of the Quadriceps muscles per‐
formed 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 was 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.

2  | METHODS

2.1 | Design

A multiple case study was conducted to examine the feasibility and 
effect of PRT of the Quadriceps muscles in persons with intellectual 
disabilities and visual impairment. Participants took part in a PRT 
programme two or three times per week that was intended to in‐
crease Quadriceps strength over a ten‐week training period. A phys‐
iotherapist annex researcher and a gymnastics instructor supervised 
the implementation of the PRT programme. Quadriceps strength 
was measured in Week 1, Week 5 and Week 10 and participants' 
personal goals in Week 1 and Week 10.

2.2 | Participants

Participants were recruited from a residential facility in the 
Netherlands. Inclusion criteria consisted of having a moderate to se‐
vere ID according to the ICD‐10 (World Health Organization (WHO), 
2016), having visual impairments (“mild‐severe visual impairment 
to blindness,” WHO, 2016) and being categorized at Level 1 on the 
Gross Motor Function Classification System (GMFCS; Gorter, 2001; 
Palisano et al., 2000). The GMFCS (Gorter, 2001; Palisano et al., 
2000) is a five‐level system that is utilized to classify the severity 
of motor disabilities of persons with intellectual and physical dis‐
abilities. Those classified at Level 1 are generally capable of walking 
without restrictions but tend to have limitations in advanced motor 
skills (Gorter, 2001; Palisano et al., 2000).

2.3 | Procedure

After explaining the intervention and its purpose, each partici‐
pant was asked about the individual's willingness to be involved in 
the PRT programme. Depending on the degree of intellectual im‐
pairment, permission was obtained either directly from either the 
participant's representative or from the participant and their rep‐
resentative. When written consent was obtained, participants were 
screened regarding support for participation from a physician spe‐
cialized in ID in collaboration with a healthcare 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 Body Mass Index (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 
healthcare psychologist.

In this study, participants were excluded if they exhibited any of 
the following exclusion criteria shortly prior to the PRT programme 
or at the time of the trainings sessions/measurements: mental or 
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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 dis‐
eases defined as chronic diseases and/or diseases that are not re‐
solved 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 move‐
ment; and, finally, stress as evidenced by a participant's behaviour, 
for example, unrestful behaviour, distracted behaviour or signs of 
unhappiness. The participants' caregivers, representatives and the 
gymnastics instructor evaluated if the level of this behaviour 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.

2.4 | Ethical statement

This study was performed in accordance with the guidelines of the Helsinki 
Declaration (World Medical Association (WMA), 2008). Permission 
was obtained from the legal Medical Ethics Committee (2017/361), 
University Medical Center Groningen, the Netherlands. Consistent dis‐
tress 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.

2.5 | Intervention

The participants were scheduled group wise at fixed timed intervals 
of 45 min, two or three times a week with at least 48 hr of rest‐
ing time in between. The gymnastics instructor was familiar with 

the mental and physical limitations of the participants which facili‐
tated the accuracy of the performance during testing (Hale, Bray, & 
Littmann, 2007).

2.5.1 | PRT programme

The structure and intensity of the PRT programme were determined 
according to the standards of the American College of Sports and 
Medicine (ACSM, 2009). After warming up, the participants trained 
their Quadriceps strength on the leg extension equipment (Calders 
et al., 2011) according to the leg extension protocol in which atten‐
tion 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 encour‐
aged. It was continuously checked whether participants trained to 
the level of fatigue of the Quadriceps muscles by verifying the pos‐
sibility of increasing the number of kilograms during the PRT or per‐
forming more repetitions all without compensation. At the beginning 
of the PRT programme, participants trained at 50% of their meas‐
ured one repetition maximum (1RM) to ultimately 80% in Weeks 9 
and 10 as summarized in Table S1.

2.6 | Measurement instruments

2.6.1 | Feasibility

The number of absences per training session as well as reasons for 
these was 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 per‐
centage of participants that managed to train up to the final 80% 
of their baseline 1RM. The programme 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.

2.7 | 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 par‐
ticipant 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 per‐
forming the leg extension test in an appropriate/reliable manner 
(Dijkhuizen et al., 2018). In this study, we determined whether a par‐
ticipant could properly perform the leg extension test in Week 1, 
that is, by performing the 1RM up to the maximum without any com‐
pensation. If participants achieved this, then the 1RM was measured 
at the beginning of the PRT programme. If a learning period was re‐
quired to perform the leg extension test in an appropriate/reliable 

TA B L E  1   Characteristics of the participants (n = 8)

 Total

 N = 8

Age, Mean, ±SD 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 36–69 points) 4

Severe (IQ 20–35 points) 4

Visual impairment, N

Mild visual impairment 1

Severe visual impairment 5

Blindness 2

Auditory Impairment, N

Normal hearing 5

Hearing loss 2

Deaf 1
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way, the 1RM was measured later in the first week of the PRT pro‐
gramme. The leg extension test has shown to be a feasible and reli‐
able instrument for measuring Quadriceps strength in persons with 
moderate and severe ID with visual impairment (Dijkhuizen et al., 
2018).

2.7.1 | Personal goals—goal attainment scaling

In GAS, 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 treat‐
ment: 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, rel‐
evant and time‐related (SMART) (Dekkers, Viet, Eilander, & Steenbeek, 
2011). 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 (Ekström‐Ahl et al., 2005). If this was not possible due to 
the intellectual disability, these goals were determined after intensive 
consultation with the participants' representatives in cooperation with 

their parents or day care. Individual changes in Goal Attainment scores 
were examined at the multiple case level subdivided into varying 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 (Bouwens, Heugten, & Verhey, 
2008; Donnelly & Carswell, 2002; Ertzgaard, Ward, Wissel, & Borg, 
2011; King, McDougall, Palisano, Gritzan, & Tucker, 1999; Schlosser, 
2004; Steenbeek, Ketelaar, Lindeman, Galama, & Gorter, 2010; 
Turner‐Stokes et al., 2009). In various rehabilitation teams, it has also 
proved to be reliable (Bouwens et al., 2008; Donnelly & Carswell, 
2002; Schlosser, 2004; Steenbeek et al., 2010), and its sensitivity 
to changes in scores/outcomes has shown to be better than that 
of common standardized functional measures of abilities and par‐
ticipation (Steenbeek et al., 2007). To formulate Goal Attainment 
scales, standardization of this scale based on pre‐determined agree‐
ments is needed (Dekkers et al., 2011) and influences its reliability 
(Bovend'eerdt, Dawes, Izadi, & Wade, 2011; Steenbeek et al., 2010). 
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 

TA B L E  2   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

Pt 
No

Age 
Years

Gender 
M/F

Height 
cm

Weight 
kg BMI ID Level

Vis. Imp 
Level

Aud. Imp 
Level

Attend. 
% 
pw

GAS 
Level 
wk 10

1RM

wk 1

wk 5 
Δ 5 
%

wk 10 
Δ 10 
%

1 40 F 152.0 59.0 25.5 Severe Blindness Normal 89.7% +1: More 27 kg 36 kg 39 kg

3xpw +1: More  33.3% 44.4%

2 31 F 170.0 74.0 25.6 Moderate Severe Normal 100% +2: Much more 39 kg 58 kg 77 kg

2xpw +2: Much more  48.7% 97.4%

3 28 F 170.0 81.7 28.3 Moderate Mild Deaf 89.7% 0: Expected 
goal

40 kg 51 kg 80 kg

3xpw +2: Much more  27.5% 100%

4 30 M 169.0 75.5 26.4 Moderate Severe Severe 
loss

93.1% +1: More 47 kg 55 kg 67 kg

3xpw   17.0% 42.6%

5 23 M 184.0 71,7 21.2 Severe Blindness Loss 100% 0: Expected 
goal

40 kg 44 kg 55 kg

3xpw   10.0% 37.5%

6 22 M 156.0 46.0 18.9 Moderate Severe Normal 100% +2: Much more 30 kg 37 kg 47 kg

2xpw   23.3% 56.7%

7 35 M 181.0 73.0 22.3 Severe Severe Normal 95% +2: Much more 25 kg 45 kg 67 kg

2xpw   80.0% 168%

8 28 M 176.0 82.5 26.6 Severe Severe Normal 34.5% −3: Decline 53 kg – –

3xpw   – –

Abbreviations: 1 RM week: one repetition maximum Week 1, Week 5 and Week 10. 1 RM in kg; Age: years Height: in cm; Attend: attendance in per‐
centages (%) and per week (pw); Aud. Imp: auditory impairment (level); GAS: Goal Attainment Scaling (level); Gender: M = male, F = female; Height: 
in cm; ID: intellectual disability (level); Pt: participant (no: number); pw: per week; Vis. Imp.: visual impairment (level); Weight: in kg; wk: Week; Δ: 
Percentages improvement in Week 5 and Week 10.
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with an instructor of the GAS course in the Netherlands. In this 
study, participants' personal goals, such as reducing waist circum‐
ference, did not meet the classification in activities and participation 
according to ICF. Though, to gain unity and overview in the evalua‐
tion of achievement of participants' personal goals, GAS was used.

3  | DATA ANALYSES

The statistical analyses were performed using the Statistical Package 
for Social Studies (SPSS) version 22 for Windows with respect to de‐
scriptive statistics, and the statistical programming language R ver‐
sion 3.4.0 (R Development Core Team, 2017) 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 analysed using a linear mixed model 
estimation (Pinheiro & Bates, 2000) 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 analysed 
by the median and the normalized bootstrap to compute its 95 per 
cent confidence interval (Davison & Hinkley, 1997). This approach 
statistically tests the null‐hypothesis of group median −2, which cor‐
responds to whether the group attained improvement compared to 
the baseline level of Week 1.

4  | RESULTS

The sample consisted of five males and three females with ages 
ranging from 22 to 40 years. One participant ended participating 
from the fifth week due to surgery. Further characteristics of the 
participants are depicted in Table 1.

4.1 | Feasibility

The percentage of successful training attendance was 87.8%, includ‐
ing 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 the absence of the participants 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 pro‐
gramme trained up to the final 80% of their 1RM, indicating suffi‐
cient compliance.

4.2 | Effects PRT

4.2.1 | 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 in‐
creased in strength during each measurement with varying eleva‐
tion. 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.

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 = 0.0037). This indicates 
that, after 5 weeks of PRT, a significant increase of 10.9 kg 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 = 0.0020) which indicates 
that, after 10 weeks of PRT, a significant increase of 26.0 kg was 
achieved with respect to Week 1, which amounts to an increase 
of 69%. Individual characteristics, percentages of attendance, 
1RM in Weeks 1, 5 and 10 and percentage of progress of 1RM are 
shown in Tables 2.

4.3 | Personal goals—goal attainment scaling

Three participants formulated two goals instead of one (see Table 2). 
Four participants selected their personal goals in the category body 
composition varying from a decrease in BMI (n = 1), waist circumference 

F I G U R E  1   Time‐by‐strength line plot 
of the individual Quadriceps strength 
measures by 1RM in Week 1, Week 5 and 
Week 10
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(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 two goals, and two partic‐
ipants had designated their goals within the activity category (climbing 
stairs independently, partly due to his visual impairment and improving 
confidence while walking outside). The participants' achieved goal sets 
displayed in Goal Attainment—levels are shown in Table 3.

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.

5  | 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' per‐
sonal 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 
(Shields & Taylor, 2010; Shields et al., 2008). Significant attention was 
paid to informing and stimulating the participants' caregivers and rep‐
resentatives in order to obtain and retain their cooperation to enable 
participants to engage in the programme for 10 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 percent‐
age of attendance. The pre‐determined training programme 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 pre‐determined baseline 1RM was correct, it was continu‐
ously checked whether 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 (Calders 

et al., 2011). The average percentage increase in muscle strength in 
our study was higher (69%) compared to comparable studies (39%–
43% Rimmer, Heller, Wang, & Valerio, 2004; 42% Shields & Taylor, 
2010). 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 differ‐
ent 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 programmes in the comparable studies 
were similar to ours except that, in our study, 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 signifi‐
cant 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 ven‐
turesome. However, this is less likely as, in that case, we would ex‐
pect 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 5 weeks. It appears as though the increasing weight 
of the PRT could possibly be an important reason for this strong in‐
crease of Quadriceps strength.

In our study, the personal goals in the category body compo‐
sition 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 (Rimmer et al., 2004). However, 
an increase in BMI has also been found with an unchanged waist 
size (Calders et al., 2011) 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 cardiovas‐
cular and strength training (Rimmer et al., 2004). 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 activities (Bassey et al., 1992) and that 
improvement in muscle strength is associated with positive changes 
in functional activities in adults with Down syndrome (Carmeli et al., 
2002; Cowley et al., 2011). 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 rel‐
evant difference (Steenbeek, Meester‐Delver, Becher, & Lankhorst, 
2005). In our study, the median significantly increased and all par‐
ticipants increased their Goal Attainment value by at least 2 points 
except the participant who quited the PRT programme in Week 5.

6  | ANECDOTAL NOTE

Changes in participants' behaviour or functioning that may have 
occurred during the PRT programme were monitored by the 

TA B L E  3   Achieved Goal Attainment—levels for three types of 
goals set by the participants

 GAS levels

Type of goal set −3 −2 −1 0 +1 +2

Body composition 1   1 3 1

Physical fitness      3

Activity    1  1

Note: −2: baseline/starting situation.
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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 be‐
havioural changes, increase in initiative and daring to push bound‐
aries. All of the participants experienced pleasure performing the 
PRT programme and expressed a desire to continue the training 
sessions after the end of the programme. This may have partly 
contributed to the percentage of attendance.

7  | STRENGTHS AND LIMITATIONS

Limitations of this study are the limited number of participants and 
the lack of a control group. This PRT programme 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 rand‐
omized controlled trial, it may also be important to investigate side 
effects such as changes in the participants' structure, behaviour 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 (ACSM), all major muscle groups should be trained in‐
tensively (total body workout) whereby the more intensive the strength 
training is, the greater the potential health benefits (ACSM, 2013).

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 catego‐
rized 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.

ACKNOWLEDGMENTS

The authors kindly acknowledge and thank the participants for their 
participation in this study, their representatives for giving permis‐
sion and the gymnastics instructors of Royal Dutch Visio the Brink 
for assistance with the assessments.

CONFLICT OF INTEREST

The content of this study has not been published before and is not 
under consideration for publication elsewhere. All the listed authors 
have participated sufficiently in the conception and design of this 
manuscript as well as in the analysis of the data and interpretation of 
the results. The listed authors have no conflict of interest to declare.

ORCID

Annemarie Dijkhuizen  https://orcid.org/0000‐0003‐4095‐5947 

REFERENCES

American College of Sports Medicine (ACSM) (2013). ACSM's guide‐
lines for exercise testing and prescription (9th ed.). Philadelphia, PA: 
Lippincott Williams & Wilkins.

American College of Sports Medicine (ACSM) (2009). Progression mod‐
els in resistance training for healthy adults. Medicine and Science 
in Sports and Exercise, 41(3), 687–708. https ://doi.org/10.1249/
MSS.0b013 e3181 915670

Bassey, E. J., Fiatarone, M. A., O'Neill, E. F., Kelly, M., Evans, W. J., & 
Lipsitz, L. A. (1992). Leg extensor power and functional performance 
in very old men and women. Clinical Science, 82(3), 321–327. https ://
doi.org/10.1042/cs082 0321

Boonyarom, O., & Inui, K. (2006). Atrophy and hypertrophy of skeletal 
muscles: Structural and functional aspects. Acta Physiologica, 188(2), 
77–89. https ://doi.org/10.1111/j.1748‐1716.2006.01613.x

Borji, R., Zghal, F., Zarrouk, N., Sahli, S., & Rebai, H. (2014). Individuals 
with intellectual disability have lower voluntary muscle activation 
level. Research in Developmental Disabilities, 35(12), 3574–3581.  
https ://doi.org/10.1016/j.ridd.2014.08.038

Bouwens, S. F., van Heugten, C. M., & Verhey, F. R. (2008). Review of goal 
attainment scaling as a useful outcome measure in psychogeriatric 
patients with cognitive disorders. Dementia and Geriatric Cognitive 
Disorders, 26, 528–540. https ://doi.org/10.1159/00017 8757

Bovend'Eerdt, T. J., Botell, R. E., & Wade, D. T. (2009). Writing SMART 
rehabilitation goals and achieving goal attainment scaling: a prac‐
tical guide. Clinical Rehabilitation, 23(4), 352–61. https ://doi.org/ 
10.1177/02692 15508 101741

Bovend'Eerdt, T. J., Dawes, H., Izadi, H., & Wade, D. T. (2011). Agreement 
between two different scoring procedures for goal attainment scal‐
ing is low. Journal of Rehabilitation Medicine, 43, 46–49. https ://doi.
org/10.2340/16501 977‐0624

Brooks, S. V., & Faulkner, J. A. (1994). Skeletal muscle weakness in old 
age; underlying mechanisms. Medicine & Science in Sports & Exercise, 
26, 432–439.

Calders, P., Elmahgoub, S., Roman de Mettelinge, T., Van den Broeck, C., 
De Wandele, I., Rombaut, L., … Cambier, D. (2011). Effect of com‐
bined exercise training on physical and metabolic fitness in adults 
with intellectual disability: A controlled trial. Clinical Rehabilitation, 
25(12), 1097–1108. https ://doi.org/10.1177/02692 15511 407221

Carmeli, E., Kessel, S., Coleman, R., & Ayalon, M. (2002). Effects of a 
treadmill walking program on muscle strength and balance in el‐
derly people with Down syndrome. Journals of Gerontology Series A: 
Biological Sciences and Medical Sciences, 57, M106–M110. https ://doi.
org/10.1093/geron a/57.2.m106

Carmeli, E., Imam, B., & Merrick, J. (2012). The relationship of pre‐sar‐
copenia (low muscle mass) and sarcopenia (loss of muscle strength) 
with functional decline in individuals with intellectual disability (ID). 
Archives of Gerontology and Geriatrics, 55(1), 181–185. https ://doi.
org/10.1016/j.archg er.2011.06.032

Cowley, P. M., Ploutz‐Snyder, L. L., Baynard, T., Heffernan, K., Jae, S. Y., 
Hsu, S., … Fernhall, B. (2010). Physical fitness predicts functional 
tasks in individuals with Down syndrome. Medicine and Science 
in Sports and Exercise, 42(2), 388–393. https ://doi.org/10.1249/
MSS.0b013 e3181 b07e7a

Cowley, P. M., Ploutz‐Snyder, L. L., Baynard, T., Heffernan, K. S., Jae, S. 
Y., Hsu, S., … Fernhall, B. (2011). The effect of progressive resistance 
training on leg strength, aerobic capacity and functional tasks of daily 
living in persons with Down syndrome. Disability and Rehabilitation, 
33(23–24), 2229–2236. https ://doi.org/10.3109/09638 288.2011. 
563820

Cress, M. E., Buchner, D. M., Questad, K. A., Esselman, P. C., deLateur, 
B. J., & Schwartz, R. S. (1996). Continuous‐scale physical functional 
performance in healthy older adults: A validation study. Archives of 
Physical Medicine and Rehabiitationl, 77, 1243–1250.

https://orcid.org/0000-0003-4095-5947
https://orcid.org/0000-0003-4095-5947
https://doi.org/10.1249/MSS.0b013e3181915670
https://doi.org/10.1249/MSS.0b013e3181915670
https://doi.org/10.1042/cs0820321
https://doi.org/10.1042/cs0820321
https://doi.org/10.1111/j.1748-1716.2006.01613.x
https://doi.org/10.1016/j.ridd.2014.08.038
https://doi.org/10.1159/000178757
https://doi.org/10.1177/0269215508101741
https://doi.org/10.1177/0269215508101741
https://doi.org/10.2340/16501977-0624
https://doi.org/10.2340/16501977-0624
https://doi.org/10.1177/0269215511407221
https://doi.org/10.1093/gerona/57.2.m106
https://doi.org/10.1093/gerona/57.2.m106
https://doi.org/10.1016/j.archger.2011.06.032
https://doi.org/10.1016/j.archger.2011.06.032
https://doi.org/10.1249/MSS.0b013e3181b07e7a
https://doi.org/10.1249/MSS.0b013e3181b07e7a
https://doi.org/10.3109/09638288.2011.563820
https://doi.org/10.3109/09638288.2011.563820


     |  1201
Published for the British Institute of Learning Disabilities  

DIJKHUIZEN Et al.

Cress, M. E., & Meyer, M. (2003). Maximal voluntary and functional 
performance levels needed for independence in adults aged 65 to 
97 years. Physical Therapy, 83(1), 37–48. https ://doi.org/10.1093/
ptj/83.1.37

Davison, A. C., & Hinkley, D. V. (1997). Bootstrap methods and their appli‐
cation. Cambridge, UK: Cambridge University Press.

Dekkers, K., de Viet, E., Eilander, H., & Steenbeek, D. (2011). Goal 
Attainment Scaling (GAS) in de praktijk, Handleiding 2011.

Donnelly, C., & Carswell, A. (2002). Individualized outcome measures: 
A review of the literature. Canadian Journal of Occupational Therapy, 
69(2), 84–94. https ://doi.org/10.1177/00084 17402 06900204

Dijkhuizen, A., Hilgenkamp, T. I. M., Krijnen, W. P., van der Schans, C. P., 
& Waninge, A. (2016). The impact of visual impairment on the ability 
to perform activities of daily living for persons with severe/profound 
intellectual disability. Research in Developmental Disabilities, 48, 35–
42. https ://doi.org/10.1016/j.ridd.2015.10.001

Dijkhuizen, A., Douma, K. W., Krijnen, W. P., Van der Schans, C. P., & 
Waninge, A. (2018). Measuring Quadriceps strength in adults with 
severe or moderate intellectual and visual disabilities: Feasibility and 
reliability. Research in Developmental Disabilities, 31(6), 1083–1090 
https ://doi.org/10.1111/jar.12468 

Ekström‐Ahl, E., Johansson, E., Granat, T., & Carlberg, E. B. (2005). 
Functional therapy for children with cerebral palsy: An ecological 
approach. Developmental Medicine and Child Neurology, 47, 613–619. 
https ://doi.org/10.1017/s0012 16220 5001210

Ertzgaard, P., Ward, A. B., Wissel, J., & Borg, J. (2011). Practical consid‐
erations for goal attainment scaling during rehabilitation following 
acquired brain injury. Journal of Rehabilitation Medicine, 43(1), 8–14. 
https ://doi.org/10.2340/16501 977‐0664

Foldvari, M., Clark, M., Laviolette, L. C., Bernstein, M. A., Kaliton, 
D., Castaneda, C., … Singh, M. A. (2000). Association of mus‐
cle power with functional status in community‐dwelling elderly 
women. The Journals of Gerontology. Series A, Biological Sciences and 
Medical Sciences, 55, M192–M199. https ://doi.org/10.1093/geron 
a/55.4.m192

Gorter, J. W. (2001). Gross motor function classification system (Dutch 
translation). Utrecht: Revalidatiecentrum De Hoogstraat.

Hale, L., Bray, A., & Littmann, A. (2007). Assessing the balance capacities 
of people with profound intellectual disabilities who have experi‐
enced a fall. Journal of Intellectual Disability Research, 51, 260–268. 
https ://doi.org/10.1111/j.1365‐2788.2006.00873.x

Hall, J. M., & Thomas, M. J. (2008). Promoting physical activity and  
exercise in older adults with developmental disabilities. Topics in 
Geriatric Rehabilitation, 24, 64–73. https ://doi.org/10.1097/01.tgr. 
00003 11407.09178.55

Hilgenkamp, T. I. M., van Wijck, R., & Evenhuis, I. J. (2010). Physical fit‐
ness in older people with ID ‐ Concept and measuring instruments: A 
review. Research in Developmental Disabilities, 31, 1027–1038. https 
://doi.org/10.1016/j.ridd.2010.04.012

Hilgenkamp, T. I. M., van Wijck, R., & Evenhuis, I. J. (2012). Low physi‐
cal fitness levels in older adults with ID: Results of the HA‐ID study. 
Research in Developmental Disabilities, 33(4), 1048–1058. https ://doi.
org/10.1016/j.ridd.2012.01.013

Horvat, M., Croce, R., Pitetti, K. H., & Fernhall, B. (1999). Comparison of 
isokinetic peak force and work parameters in youth with and without 
mental retardation. Medicine and Science in Sports and Exercise, 31(8), 
1190–1195. https ://doi.org/10.1097/00005 768‐19990 8000‐00017 

King, G. A., McDougall, J., Palisano, R. J., Gritzan, J., & Tucker, M. A. 
(1999). Goal attainment scaling: Its use in evaluating pediatric ther‐
apy programs. Physical & Occupational Therapy in Pediatrics, 15, 31–
52. https ://doi.org/10.1080/j006v 19n02_03

Kiresuk, T. J., & Sherman, R. E. (1968). Goal attainment scaling: A general 
method for evaluating comprehensive community mental health pro‐
grams. Community Mental Health Journal, 4(6), 443–453. https ://doi.
org/10.1007/BF015 30764 

Mostert, R., Goris, A., Weling‐Scheepers, C., Wouters, E. F., & Schols, 
A. M. (2000). Tissue depletion and health related quality of life in 
patients with chronic obstructive pulmonary disease. Respiratory 
Medicine, 94, 859–867. https ://doi.org/10.1053/rmed.2000.0829

Newman, A. B., Kupelian, V., & Visser, M. (2006). Strength, but not mus‐
cle mass, is associated with mortality in the health, aging and body 
composition study cohort. Journals of Gerontology Series A, 61, 72–77. 
https ://doi.org/10.1093/geron a/61.1.72

Oppewal, A., Hilgenkamp, T. I. M., van Wijck, R., Schoufour, J. D., & 
Evenhuis, H. M. (2014). Physical fitness is predictive for a decline in 
daily functioning in older adults with intellectual disabilities: Results 
of the HA‐ID study. Research in Developmental Disabilities, 35(10), 
2299–2315. https ://doi.org/10.1016/j.ridd.2014.05.027

Palisano, R., Hanna, S. E., Rosenbaum, P. L., Rusell, D. J., Walter, S. D., 
Wood, E. P., … Galuppi, B. E. (2000). Validation of a model of gross 
motor function for children with cerebral palsy. Physical Therapy, 80, 
974–985.

Pinheiro, J. C., & Bates, D. M. (2000). Mixed‐effects models in S and S‐plus. 
New York, NY: Springer. https ://doi.org/10.1007/978‐1‐4419‐0318‐1

R Core Team. (2017). R: A language and environment for statistical comput‐
ing. Vienna, Austria: R Foundation for Statistical Computing. https ://
www.R‐proje ct.org/.

Rantanen, T., Guralnik, J. M., Sakari‐Rantala, R., Leveille, S., Simonsick, E. 
M., Ling, S., & Fried, L. P. (1999). Disability, physical activity, and mus‐
cle strength in older women: The women's health and aging study. 
Archives of Physical Medicine and Rehabilitation, 80, 130–135. https ://
doi.org/10.1016/s0003‐9993(99)90109‐0

Rimmer, J. H., Heller, T., Wang, E., & Valerio, I. (2004). Improvements in 
physical fitness in adults with Down syndrome. American Journal of 
Mental Retardation: AJMR, 109, 165–174. https ://doi.org/10.1352/08
95‐8017(2004)109<165:iipfi a>2.0.co;2

Schlosser, R. W. (2004). Goal attainment scaling as a clinical measure‐
ment technique in communication disorders: A critical review. Journal 
of Communication Disorders, 37, 217–239. https ://doi.org/10.1016/j.
jcomd is.2003.09.003

Shields, N., Taylor, N. F., & Dodd, K. J. (2008). Effects of a commu‐
nity based progressive resistance training program on muscle per‐
formance and physical function in adults with Down syndrome: 
A randomized controlled trial. Archives of Physical Medicine & 
Rehabilitation, 89, 1215–1220. https ://doi.org/10.1016/j.apmr.2007. 
11.056

Shields, N., & Taylor, N. (2010). Effects of a student‐led progressive re‐
sistance training program on muscle strength and physical function 
in adolescents with Down syndrome. Journal of Physiotherapy, 56, 
187–193. https ://doi.org/10.1016/s1836‐9553(10)70024‐2

Shields, N., Taylor, N. F., Wee, E., Wollersheim, D., O'Shea, S. D., & 
Fernhall, B. (2013). A community‐based strength training programme 
increases muscle strength and physical activity in young people 
with Down syndrome: A randomised controlled trial. Research in 
Developmental Disabilities, 34, 4385–4394. https ://doi.org/10.1016/j.
ridd.2013.09.022

Steenbeek, D., Meester‐Delver, A., Becher, J. G., & Lankhorst, G. J. 
(2005). The effect of botulinum toxin type A treatment of the lower 
extremity on the level of functional abilities in children with cerebral 
palsy: Evaluation with goal attainment scaling. Clinical Rehabilitation, 
19(3), 274–282. https ://doi.org/10.1191/02692 15505 cr859oa

Steenbeek, D., Ketelaar, M., Galama, K., & Gorter, J. W. (2007). Goal at‐
tainment scaling in paediatric rehabilitation: A critical review of the 
literature. Developmental Medicine and Child Neurology, 49, 550–556. 
https ://doi.org/10.1111/j.1469‐8749.2007.00550.x

Steenbeek, D., Ketelaar, M., Lindeman, E., Galama, K., & Gorter, J. 
W. (2010). Interrater reliability of goal attainment scaling in re‐
habilitation of children with cerebral palsy. Archives of Physical 
Medicine and Rehabilitaion, 91(3), 429–35. https ://doi.org/10.1016/j.
apmr.2009.10.013

https://doi.org/10.1093/ptj/83.1.37
https://doi.org/10.1093/ptj/83.1.37
https://doi.org/10.1177/000841740206900204
https://doi.org/10.1016/j.ridd.2015.10.001
https://doi.org/10.1111/jar.12468
https://doi.org/10.1017/s0012162205001210
https://doi.org/10.2340/16501977-0664
https://doi.org/10.1093/gerona/55.4.m192
https://doi.org/10.1093/gerona/55.4.m192
https://doi.org/10.1111/j.1365-2788.2006.00873.x
https://doi.org/10.1097/01.tgr.0000311407.09178.55
https://doi.org/10.1097/01.tgr.0000311407.09178.55
https://doi.org/10.1016/j.ridd.2010.04.012
https://doi.org/10.1016/j.ridd.2010.04.012
https://doi.org/10.1016/j.ridd.2012.01.013
https://doi.org/10.1016/j.ridd.2012.01.013
https://doi.org/10.1097/00005768-199908000-00017
https://doi.org/10.1080/j006v19n02_03
https://doi.org/10.1007/BF01530764
https://doi.org/10.1007/BF01530764
https://doi.org/10.1053/rmed.2000.0829
https://doi.org/10.1093/gerona/61.1.72
https://doi.org/10.1016/j.ridd.2014.05.027
https://doi.org/10.1007/978-1-4419-0318-1
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1016/s0003-9993(99)90109-0
https://doi.org/10.1016/s0003-9993(99)90109-0
https://doi.org/10.1352/0895-8017(2004)109%3C165:iipfia%3E2.0.co;2
https://doi.org/10.1352/0895-8017(2004)109%3C165:iipfia%3E2.0.co;2
https://doi.org/10.1016/j.jcomdis.2003.09.003
https://doi.org/10.1016/j.jcomdis.2003.09.003
https://doi.org/10.1016/j.apmr.2007.11.056
https://doi.org/10.1016/j.apmr.2007.11.056
https://doi.org/10.1016/s1836-9553(10)70024-2
https://doi.org/10.1016/j.ridd.2013.09.022
https://doi.org/10.1016/j.ridd.2013.09.022
https://doi.org/10.1191/0269215505cr859oa
https://doi.org/10.1111/j.1469-8749.2007.00550.x
https://doi.org/10.1016/j.apmr.2009.10.013
https://doi.org/10.1016/j.apmr.2009.10.013


1202  |    
Published for the British Institute of Learning Disabilities  

DIJKHUIZEN Et al.

Taylor, N., Dodd, K., & Damiano, D. (2005). Progressive resistance exer‐
cise in physical therapy: A summary of systematic reviews. Physical 
Therapy, 85, 1208–1223.

Turner‐Stokes, L., Williams, H., & Johnson, J. (2009). Goal attainment 
scaling: Does it provide added value as a person‐centred measure 
for evaluation of outcome in neurorehabilitation following acquired 
brain injury? Journal of Rehabilitaion Medicine, 41(7), 528–35. https ://
doi.org/10.2340/16501 977‐0383

Vinciguerra, M., Musaro, A., & Rosenthal, N. (2010). Regulation of 
muscle atrophy in aging and disease. Advances in Experimental 
Medicine and Biology, 694, 211–33. https ://doi.org/10.1007/978‐1‐ 
4419‐7002‐2_15

Waninge, A., Ligthart, K. A., Kramer, J., Hoeve, S., van der Schans, C. P., 
& Haisma, H. H. (2010). Measuring waist circumference in disabled 
adults. Research in Developmental Disabilities, 31(3), 839–847. https ://
doi.org/10.1016/j.ridd.2010.02.009

Waninge, A., Evenhuis, I. J., van Wijck, R., & van der Schans, C. P. (2011). 
Feasibility and reliability of two different walking tests in people 
with severe intellectual and sensory disabilities. Journal of Applied 
Research in Intellectual Disabilities, 24(6), 518–527 10. https ://doi.
org/10.1111/j.1468‐3148.2011.00632.x

World Health Organization (WHO). (2016). International statistical clas‐
sification of diseases and related health problems (ICD‐10). 10th re‐
vision, Geneva.

World Medical Association (WMA). (2008). Declaration of Helsinki, eth‐
ical principles for medical research involving human subjects. Seoul. 
Retrieved from http://www.wma.net/en/30pub licat ions/10pol icies/ 
b3/

Zetts, R., Horvat, M., & Langone, J. (1995). Effects of a community‐based 
progressive resistance training program on the work productiv‐
ity of adolescents with moderate to severe intellectual disabilities. 
Education and Training in Mental Retardation, 30, 166–178.

SUPPORTING INFORMATION

Additional supporting information may be found online in the 
Supporting Information section at the end of the article. 

How to cite this article: Dijkhuizen A, Waninge A, Hermans 
S, van der Schans CP, Krijnen WP. Progressive resistance 
training for persons with intellectual disabilities and visual 
impairment. J Appl Res Intellect Disabil. 2019;32:1194–1202. 
https ://doi.org/10.1111/jar.12610 

https://doi.org/10.2340/16501977-0383
https://doi.org/10.2340/16501977-0383
https://doi.org/10.1007/978-1-4419-7002-2_15
https://doi.org/10.1007/978-1-4419-7002-2_15
https://doi.org/10.1016/j.ridd.2010.02.009
https://doi.org/10.1016/j.ridd.2010.02.009
https://doi.org/10.1111/j.1468-3148.2011.00632.x
https://doi.org/10.1111/j.1468-3148.2011.00632.x
http://www.wma.net/en/30publications/10policies/b3/
http://www.wma.net/en/30publications/10policies/b3/
https://doi.org/10.1111/jar.12610

