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Research context  
 
This thesis is written to obtain our master degree in the rehabilitation science and 

physiotherapy study program. It can be situated within the paediatric rehabilitation domain, 

more particularly within the subdomain ‘development of Duchenne Muscular Dystrophy’. This 

thesis is part of a larger ongoing PhD project of Dra. Hoskens J. on the early development in 

multiple developmental domains in young boys with DMD, in collaboration with UZ Leuven / 

KU Leuven under the supervision of prof Dr. Klingels K. and Prof Dr. Goemans N.. 

  

Currently, there is a lack of information about the natural course of motor development and 

the symptoms in infants and young boys with DMD. This lack of information often causes a 

delay between the onset of symptoms and the time of diagnosis. It is essential to expand the 

knowledge about early motor development in boys with DMD. This knowledge is important 

to complete a detailed assessment which can contribute to the identification of specific 

difficulties that occur in the development. These detailed assessments can result in an 

improved individualized treatment intervention in the early lifespan. This study focuses on the 

evaluation of early motor development in boys with DMD between the age of 0 to 5 years and 

11 months compared to typically developing boys. To describe the evolution in this 

developmental domain, the boys with DMD were followed up for one year.  

 

For this dual master thesis an existing research protocol was provided by Hoskens J.. In 

agreement with the promotor and mentor, the study design and research questions were 

determined. The two students selected useful elements of the existing protocol to define the 

study method.  

The boys with DMD were recruited from the Neuromuscular Reference Centre of UZ Leuven 

and the data acquisition was performed during standard consultations by the research team 

of UZ Leuven. The typically developing boys were recruited and tested by the two students. 

The data-analysis of the boys with DMD and the typically developing boys were also 

performed by the two students.  

The two students had an equally large contribution to the writing of the study, with limited 

guidance from the promotor and mentor.  

 



 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 5 
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1 Abstract  

 

Background: Duchenne Muscular Dystrophy (DMD) is a progressive neuromuscular disease, 

causing deterioration of skeletal muscles which leads to motor problems. Symptoms are 

already present before the age of five but are insufficiently known. Early recognition of 

symptoms plays a crucial role in the effective management of DMD. 

Objectives: This study aimed to assess early motor development in DMD boys between 0 and 

5 years 11 months compared to typically developing (TD) boys. Secondly, a six and 12 months 

follow-up was performed.   

Participants: In total 16 DMD and 31 age-matched TD boys participated in the cross-sectional 

part of the study. Eleven DMD boys were followed up over 12 months. 

Measurements: Motor development was assessed with the Bayley Scales of Infant and 

Toddler Development-III (Bayley-III), Peabody Developmental Motor Scales-II (PDMS-II), 

Motor Function Measure for neuromuscular diseases-20 (MFM-20), Timed Function Tests 

(TFTs), 3-minute walk test (3MWT), Performance of Upper Limb Measure for DMD 2.0 (PUL-

2) and Revised North Star Ambulatory Assessment (NSAA) depending on the age of the boys.  

Results: Significantly lower gross and fine motor performances were detected in all DMD boys 

compared to TD peers (p<0,001–p=0,017). The locomotor subdomain of the PDMS-II was the 

most affected subdomain for gross motor function. Most difficulties were detected during 

explosive strength items of the locomotor subdomain and TFTs. For the fine motor domain, 

most DMD boys older than three years scored lower on the grasping subdomain and all DMD 

boys showed more difficulties on the distal items of the PUL-2 than their TD peers. After 12 

months, most DMD boys improved their gross and fine motor performances. This 

developmental evolution showed some heterogeneity between the DMD boys. 

Conclusion: Preschool DMD boys show fine motor problems in addition to gross motor 

problems. DMD boys gain new motor skills but will never achieve the same level of motor 

performance as TD boys. 

 

Key words: Duchenne Muscular Dystrophy, preschool children, infant, motor, development 
 

 



 8 

2 Introduction  

Duchenne Muscular Dystrophy (DMD) is an X-linked recessive disorder which affects 1/3600–

6000 male births (Koenig et al., 1989). It is the most common form of muscular dystrophy 

(Koenig et al., 1989; Shieh, 2013). It is a fatal and progressive neuromuscular disease marked 

by a deterioration of skeletal, diaphragm and cardiac muscles. The deterioration and eventual 

death of muscle cells is caused by a mutation in the dystrophin gene. This mutation causes a 

loss of the protein dystrophin which results in muscle weakness (Bushby et al., 2010). In the 

first decade of life, DMD is characterised by proximal muscle weakness which evolves into loss 

of ambulation in the second decade of life (Brooke et al., 1989; Hoffman, Brown, & Kunkel, 

1987; Lo Mauro & Aliverti, 2016). Intellectual, language and behaviour disabilities also occur 

often before the age of five years but are not always recognised by clinicians (Cotton, 

Voudouris, & Greenwood, 2001; Mohamed, Appleton, & Nicolaides, 2000).  

  

Currently, a lack of information about the development in young boys with DMD is still 

present. This is one of the main reasons why the first signs of DMD are not always recognised 

on time and why DMD is mainly clinically diagnosed at five years (Ciafaloni et al., 2009). 

Extensive knowledge about the motor development in the early childhood may lead to an 

earlier recognition of DMD. This knowledge is important to complete a detailed assessment 

which can contribute to the identification of specific difficulties that occur during 

development. These detailed assessments can result in an improved individualized treatment 

intervention in the early lifespan (Pane et al., 2013). 

  

The available literature on motor function describes the presence of a honeymoon period up 

to the age of seven. Boys with DMD under the age of seven have the ability to improve their 

time on the 100m timed test (Alfano et al., 2017). Similar results were found in E. S. Mazzone 

et al. (2013) regarding the six minute walking test (6MWT). This longitudinal study reported 

that boys with DMD under the age of seven increased their distance on the 6MWT. Although 

a positive evolution is described in the early lifespan, boys with DMD will never reach the same 

level of functioning as typically developing boys (Alfano et al., 2017; E. S. Mazzone et al., 2013). 

Even the youngest boys with DMD (<3 years) scored one standard deviation (SD) lower on 

gross and fine motor skills compared to typically developing boys (Connolly et al., 2013; 
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Cyrulnik et al., 2008). However, fine and gross motor function show two different 

developmental profiles. Fine motor skills showed no correlation with age and thus remained 

relatively stable over the years (Connolly et al., 2013). Whilst for gross motor skills an inverse 

relationship with age was found (Connolly et al., 2013). So, boys with DMD gain gross motor 

skills, but with increasing age the difference between the DMD boys and typically developing 

boys becomes more noticeable.  

 

Despite this evidence, there is a lack of information about the specific elements of the motor 

domain that are more affected in boys with DMD.  The currently available information in DMD 

boys is mainly provided by cross-sectional studies. Longitudinal studies about the 

development in boys with DMD are lacking. Gathering more longitudinal information about 

gross and fine motor function can contribute to perceive a more detailed framework about 

the developmental evolution of DMD in young boys. This framework is useful to adjust the 

treatment to the different needs of each boy and to start the treatment as early as possible.  

The first aim of this study is to evaluate and describe the early motor development in boys 

with DMD between the age of 0 to 5 years and 11 months compared to typically developing 

boys. This study provides an overview based on cross-sectional data on which specific 

elements of the gross and fine motor domain the boys with DMD perform worse in 

comparison with typically developing boys. Secondly, these DMD boys were followed up over 

one year to describe the developmental evolution in this motor domain.  
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3 Methods  

3.1 Participants  

Sixteen young boys with DMD between the age of 0 to 5 years and 11 months were recruited 

from the NMRC of UZ Leuven between June 2018 and February 2020. During a standard 

consultation at UZ Leuven, information about the research project was given and informed 

consents were obtained from the interested families before entering the study. The 

participants were selected based on following inclusion criteria: diagnosis of DMD, age 

between 0 and 5 years and 11 months and the ability to perform the items of the evaluation 

scales. No exclusion criteria were determined. For the cross-sectional part of this study, a 

control group of aged-matched typically developing boys was selected. The control group 

consisted of two to three typically developing boys for each DMD participant. The age-

matched boys were enrolled from three local daycares and four local kindergartens. They 

were excluded when 1) known health problems (chronic cardiac, respiratory and motor 

problems) were present; 2) they regularly visited a physiotherapist. For the longitudinal part 

of this study all DMD boys under the age of five were followed up over one year. Follow-up 

assessments were performed at six and 12 months.  

 

3.2 Ethics statement  

The initial protocol of the study was approved by the UZ - KU Leuven ethics committee in 

August 2016, the amendment was approved in December 2018, reference number S59068. 

Informed consents to participate in the study were obtained from the parents of the DMD 

boys. For the typically developing boys, the managing board of the daycare centres and the 

kindergarten gave written approval to distribute the information and consent forms. The 

written informed consents of the interested families were collected at the daycare centres or 

kindergarten. The participating families had the possibility to end participating in the study at 

any moment.  

 

3.3 Procedure  

Characteristics of the participants were collected prior to testing with medical forms.  

The evaluations of the DMD boys were performed during half yearly standard consultations 

at the NMRC of UZ Leuven by an experienced paediatric physical therapist. In case of 
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incomplete data due to lack of evaluation time or lack of concentration of the DMD boys, a 

second consultation was organised at the children’s home, daycare or school to complete the 

measurements. Depending on the age of the boys, the assessment of the motor 

developmental domain was completed with one or more age appropriate evaluation scales 

(figure 1).  The average evaluation time was 30 minutes to one hour.   

For the typically developing boys the assessments were performed at the daycare, 

kindergarten or at the children’s home by two physical therapy students. These two students 

were trained to perform the testings by a physical therapist specialised in paediatric 

rehabilitation. The testings were video recorded to perform a secondary analysis to verify the 

findings.  

  

The assessment of the DMD and typically developing boys was performed with the Bayley-III, 

PDMS-II, MFM-20, TFTs, 3MWT, PUL-2 and Revised NSAA (figure 1). Some of these evaluation 

tools evaluate similar test items. These corresponding items were identified and scored at the 

same time to minimize the total test duration.  

3.3.1. Outcome measures 

Bayley Scales of Infant and Toddler Development, third edition (Bayley-III-NL) 

The aim of the Bayley-III scales is to describe the early development of babies and children 

between 16 days to 42 months and 15 days. These scales examine five different domains: 

1)  cognition (91 items); 2) language, subdivided into recessive communication (49 items) and 

expressive communication (46 items); 3)  motor skills, subdivided into fine (66 items) and 

gross motor skills (72 items); 4) social emotional development (35 items) and 5) adaptive 

behaviour (241 items).  

The scales have proven to be of good-to-excellent validity and fair-to-good reliability in 

typically developing children between 15 days to 42 months and 15 days. Flemish norm values 

are available (Bayley, 2006; Deroma et al., 2013). 

 

Peabody Developmental Motor Scales, second edition (PDMS-II) 

The aim of the PDMS-II is to evaluate fine and gross motor skills in babies and children from 0 

to six years and 11 months. The gross motor part consists of four subdomains: reflexes (8 

items), stationary (30 items), locomotion (89 items) and object manipulation (24 items). The 
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fine motor part consists of two subdomains: grasping (26 items) and visual motor integration 

(73 items). The PDMS-II includes 249 items in total. The scale has proven to be of good-to-

excellent validity and good reliability. Only USA norms are available (Folio & Pewell, 2000; 

Hua, Gu, Meng, & Wu, 2013). 

 

Motor Function Measure for neuromuscular diseases (MFM-20) 

The aim of the MFM-20 is to monitor the severity and progression of motor function in 

neuromuscular diseases in children from two to six years old. The MFM-20 consists of 20 items 

divided in three domains: standing position and transfers (8 items), axial and proximal motor 

function (8 items), and distal motor function (4 items). A good discriminant validity and a high 

intra- and interrater reliability were found for the MFM-20 for children with a neuromuscular 

disease (DMD, spinal muscular atrophy, Charcot-Marie-Tooth disease, congenital muscular 

dystrophy and congenital myopathy) between two to seven years (De Lattre et al., 2013). No 

norm values are available for the MFM-20. 

 

(Revised) North Star Ambulatory Assessment (NSAA) 

The aim of the NSAA is to measure functional gross motor abilities ranging from standing to 

running in ambulant boys with DMD older than five years. The scale consists of 17 items. The 

revised NSAA is a modified version, suitable for boys between the age of three and five years 

(Mercuri et al., 2016). No data is documented about reliability and validity of the revised NSAA 

and no norm values are available.  

 

Timed Function Tests (TFTs) 

The aim of the TFTs is to measure functional gross motor abilities. The TFTs consist of four 

tasks: rise from floor test, walk/run 10m, climb four stairs, descend four stairs. These tasks 

need to be performed as quickly as possible. The speed and quality of execution of the tasks 

are assessed (E. Mazzone et al., 2010). 

The rise from floor test and the walk/run 10m are two items included in the NSAA. The NSAA 

has proven to be valid and reliable for boys with DMD between three years and six months to 

15 years and five months (De Sanctis, Pane, & Sivo, 2015; Eagle et al., 2007; A. Mayhew et al., 

2011; E. Mazzone, Messina, & Vasco, 2009).   
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No data is documented about validity and reliability of the climb four stairs and descend four 

stairs. Reference values are collected from typically developing boys between 2.5 and six years 

old (Hoskens et al., 2019). 

 

3-minute walk test (3MWT) 

The aim of the 3MWT is to give more information about the submaximal functional mobility, 

endurance and the possibility to walk in ambulatory DMD boys. The 3MWT test is suitable for 

young children. This shortened version of the 6MWT can be used when there is a lack of 

motivation to perform the 6MWT. The children have to walk three minutes at a normal pace 

on a flat surface. The 3MWT is reliable in children from the age of five years onwards 

(Goemans et al., 2013). No data is documented about reliability and validity of the 3MWT 

before the age of five. Norm values are collected from typically developing boys between 2.5 

and six years old (Hoskens et al., 2019). 

 

Performance of Upper Limb Measure for DMD 2.0 (PUL-2) 

The aim of the PUL-2 is to measure upper extremity function in boys with DMD of three years 

and older. The evaluation tool consists of 22 items divided into three levels: shoulder (6 items), 

elbow (9 items) and wrist (7 items). The validity of the PUL-2 is comparable with the validity 

of the PUL-1.2. Though this validity needs to be investigated in larger cohorts (A. G. Mayhew 

et al., 2019). The PUL-2 has an excellent reliability in both ambulant and non-ambulant DMD 

patients (A. G. Mayhew et al., 2019; Pane et al., 2014). No norm values are available for the 

PUL-2. Pane et al. (2014) reported that the PUL-2 is more suitable for children older than five 

years.   
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 0Y 0,5Y 1Y 1,5Y 2Y 2,5Y 3Y 3,5Y 4Y 4,5Y 5Y 5,5Y 

Bayley-III (M)             

PDMS-II             

MFM-20             

TFTs             

3MWT             

PUL-2             
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Figure 1. Overview of the evaluation tools 
Bayley-III (M): Bayley-III motor; PDMS-II: Peabody Developmental Motor Scales; MFM-20: Motor 
Function Measure for neuromuscular diseases; TFTs: Timed Function Tests; 3MWT: 3-minute walk test; 
PUL-2: Performance of Upper Limb Measure for DMD 2.0; Revised NSAA: Revised NorthStar 
Ambulatory Assessment 
 

3.4 Data-analysis 

Descriptive statistics were used to describe the baseline characteristics of both groups. The 

significance level was set at 0.05 and the statistical analysis was performed in SPSS 20.   

Part 1: Cross-sectional study 

The Shapiro-Wilk test and the Brown-Forsythe test were used to assess normality and 

homoscedasticity of the data. Based on the data distribution, 1) mean and standard deviation 

or median and interquartile range were used; 2) the appropriate statistical tests were 

determined to compare the scores of the boys with DMD and the scores of the typically 

developing boys. For the Bayley-III and the PDMS-II, the Mann-Whitney-U test and the 

independent samples t-test were used (appendix A.1.). Scores on the 3MWT and TFTs were 

converted to a percentage of the expected norm values for each age group 

(2.5y;3y;4y;5y)(Hoskens et al., 2019). The Welch t-test was used to analyze the converted 

scores on the 3MWT and the TFTs (appendix A.1.). The data of the NSAA, MFM-20 and the 

PUL-2 was not normally distributed and had unequal variances, therefore no statistical 

analysis was performed. Visual representations were used to describe the NSAA, MFM-20 and 

the PUL-2 (appendix A.1.). To compare the gross and fine motor subdomains of both the 

Bayley-III and the PDMS-II within the DMD and control group, the Wilcoxon signed rank test 

and the paired sample t-test were used (appendix A.1.). The scaled scores (ss) of the different 
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subdomains of the PDMS-II were calculated, the mean scaled scores are 10 with a standard 

deviation (SD) of three. To identify the DMD boys at risk, the scaled scores were divided in 

three categories: 1) < 1SD below mean scaled score (>7ss) = normal; 2) ≥ 1SD - ≤ 2SD below 

mean scaled score (4-7ss) = at risk; 3) >2SD below mean (< 4ss) = deviant.   

Part 2: Longitudinal study  

The Shapiro-Wilk test was used to assess the data distribution. Based on this distribution, the 

Wilcoxon signed-rank test was selected to compare the baseline scores with the scores at 12 

months of the DMD boys (appendix A.2.). This statistical analysis was carried out for all the 

developmental tests and included all the DMD boys measured at baseline and 12 months. No 

statistical analysis were carried out at six months due to missing data of three boys leading to 

a small test group. To investigate the developmental evolution in boys with DMD over one 

year, a visual representation of the data at the three measurement moments (baseline, six 

months, 12 months) was made for each DMD boy.  
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4 Results  

Part 1: Cross-sectional study 

4.1 Participants  

Sixteen boys with DMD and 31 boys in the control group participated in the cross-sectional 

part of the study. Groups were well matched for age, height and weight. No significant 

differences were found for the characteristics in the DMD and control group (p > 0.05)(table 

1). Eight DMD boys were treated with corticosteroids.  

Table 1 
Characteristics DMD and control group (mean value ± standard deviation). 

Characteristics Mean (± SD)   P-value 

 NORM DMD  

Age (y) 3.54 (± 1.58) 3.53 (± 1.48) p = 0.986 

Height (cm) 100.92 (± 15.99) 96.64 (± 11.79) p = 0.351 

Weight (kg) 15.87 (± 4.37) 15.76 (± 4.56) p = 0.937 

Norm: control group; DMD: Duchenne Muscular dystrophy; SD: standard deviation 
*p < 0.05 

 

4.2 PDMS-II 

The PDMS-II was performed on all 47 boys included in this study (DMD N=16; control 

N=31).  One DMD boy did not complete the visual motor integration subtest due to lack of 

motivation.  

Total motor, gross and fine motor quotients were calculated, the mean quotients are 100 with 

SD 15. Boys with DMD had a mean total motor quotient of 75.47 (± 6.06) and the control group 

had a mean quotient of 102.97 (± 8.52). The mean scores on the total motor quotient as well 

as the fine and gross motor quotients were significantly different between the two groups (p 

< 0.001) (table 2). A significant difference between the gross and fine motor quotient was 

found in the DMD group (p < 0.001), whilst for the control group no significant difference was 

found (p = 0.645) (appendix B.1.). 

As presented in fig. 2a, boys with DMD scored better on fine motor skills compared to gross 

motor skills. For the gross motor skills, all boys with DMD scored 1SD lower than the mean 

quotient of 100. The locomotor subdomain was more affected than the other gross motor 

subdomains (fig. 2b).  

Table 3 shows the test scores of each DMD boy on the different subdomains of the PDMS-II. 

All DMD boys scored 1SD below the mean scaled score of 10 for the stationary, locomotor and 

object manipulation subdomain, except four boys for the stationary domain and one boy for 
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the object manipulation domain. The DMD boys younger than three years old scored within 

the normal range for the grasping subdomain. For the visual motor integration subdomain, 

less differences between the younger and older DMD boys were detected.  

Table 2 
PDMS-II mean motor quotients (SD) (mean=100; SD=15) and Bayley-III mean scaled scores (SD) 
(mean=10; SD=3) and index score (SD) (mean=100; SD=15): between group comparison. 

Tests 
Mean 

(± SD) P-value  Total 

 NORM DMD  NORM DMD 

PDMS-II      

- GMQ 102.61 (± 7.99) 71.81 (± 6.45) p < 0.001* N = 31 N = 16 

- FMQ 103.39 (± 10.56) 84.8 (± 7.64) p < 0.001* N = 31 N = 15 

- TQ 102.97 (± 8.52) 75.47 (± 6.06) p < 0.001* N = 31 N = 15 

Bayley-III       

- GMss 11 (± 3.00) 3.75 (± 1.67) p < 0.001* N = 17 N = 8 

- FMss 10.47 (± 3.12) 4.75 (± 2.81) p < 0.001* N = 17 N = 8 

- IS 104.6 (± 15.80) 65.5 (± 11.45) p < 0.001* N = 17 N = 8 

N: total participants; Norm: control group; DMD: Duchenne Muscular dystrophy; SD: standard 
deviation; GMss: gross motor scaled score; FMss: fine motor scaled score; IS: index score; GMQ: gross 
motor quotient; FMQ: fine motor quotient; TQ: total quotient 
*p < 0.05 

 

 

Figure 2a. Boxplots of the mean motor quotients (X) of the PDMS-II total, gross and fine motor 
quotients.  
The lines represent:  the mean quotient (Q=100);  = -1SD (Q=85);  = -2SD (Q=70). 
X = mean scaled score 
Norm: control group; DMD: Duchenne Muscular dystrophy; GMQ: gross motor quotient; FMQ: fine 
motor quotient; TQ: total quotient 
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Figure 2b. Boxplots of median scaled scores and Interquartile Range (IQR) of the different 
PDMS-II subtests. 
The lines represent:  = the mean scaled score (ss=10);   = -1SD (ss=7);  = -2SD (ss=4). 
Norm: control group; DMD: Duchenne Muscular dystrophy; STss: stationary scaled score; LOss: 
locomotion scaled score;  OMss: object manipulation scaled score; GRss: grasping scaled score; VMIss: 
visual motor integration scaled score 
 

Table 3 
Scaled scores (mean=10; SD=3) on the different subdomains of de PDMS-II for the DMD boys. 

Age Gross motor Fine motor 

 Stationary Locomotion 
Object 

manipulation 
Grasping VMI 

11mo 20d 7 5 / 10 9 

2y 0mo 8d 7 5 6 8 5 

2y 2mo 18d 5 2 5 9 / 

2y 2mo 24d 9 5 7 8 8 

2y 3mo 15d 9 4 5 8 7 

2y 7mo 28d 10 4 8 10 5 

2y 8mo 5d 8 3 2 10 5 

3y 2mo 19d 7 4 5 6 8 

3y 10mo 3d 6 4 5 9 8 

3y 10mo19d 5 4 4 4 6 

4y 0mo 28d 6 4 6 3 7 

4y 9mo 26d 7 4 6 5 9 

4y 10mo 9d 4 4 6 7 9 

4y 10mo 13d 6 6 6 9 6 

5y 11mo 5 4 7 4 13 

5y 11mo 22d 7 6 7 10 8 

Green: >7 = normal (< 1SD below mean scaled score); Yellow: 4-7 = at risk (≥ 1SD - ≤ 2SD below mean 
scaled score); Red: < 4 = deviant (>2SD below mean).   
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4.3 Bayley-III 

Eight DMD boys and 17 controls, younger than 3y 6mo, were also evaluated with the  

Bayley-III motor scales. The DMD boys had a significantly lower mean index score (65 ± 11.45) 

compared to the control group (104.65 ± 15.86) (p < 0.001). A significant difference was also 

found for the gross and fine motor scaled scores between the control and DMD group (p < 

0.001) (table 2). No significant difference was detected between the gross and fine motor 

scaled scores in both the DMD group (p = 0.316) and the control group (p = 0.495) (appendix 

B.1.).  

As presented in fig. 3, the fine motor scaled scores showed more variability than gross motor 

scaled scores. For the gross motor scaled scores, all boys with DMD scored 1SD below the 

mean scaled score (ss=10).  

 

 

Figure 3. Boxplots of mean scaled scores (X) of the Bayley-III gross and fine motor scaled 
scores. 
The lines represent:  = the mean scaled score (ss=10);  = -1SD (ss=7);  = -2SD (ss=4). 
X = mean scaled score 
Norm: control group; DMD: Duchenne Muscular dystrophy; BaFMss: Bayley-III fine motor scaled score; 
BaGMss: Bayley-III gross motor scaled score 
 

4.4 3MWT 
The 3MWT was completed by seven DMD boys and 20 boys in the control group. Four DMD 

boys with the appropriate age to complete the 3MWT did not have reliable data because the 

test was too difficult, they started running or they stopped during the walking test.  
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All DMD boys scored below the expected norm value for their age group. The median 

percentage was 82% (± 70% - 92%) (table 5). In the control group more variation in the scores 

occurred, though most of the boys scored near or above the expected norm values. The 

median percentage was 110.50% (± 92.50% - 138%) (figure 4). The Welch t-test revealed a 

significant difference between the DMD and control group for the 3MWT (p < 0.004) (table 4). 

 
Table 4 
TFTs and 3MWT median percentages and interquartile range: between group comparison. 

Tests 
Median 

Interquartiles 
(25% - 75%) 

P-value Total 

 NORM DMD  NORM DMD 

3MWTpc  110.50 (92.50-138) 82 (70-92) p < 0.004* N = 20 N = 7 

TFTspc      

- Rise from 
floor test  

72.50 (52-96) 186.5 (122.5-248.50) p = 0.001* N = 20 N = 10 

- Walk/run 
10m 

100.50(90.25-106) 159 (132.25-199.75) p = 0.001* N = 20 N = 10 

- Climb four 
stairs 

95 (69-113.50) 194 (138.5-401.25) p = 0.017* N = 
20 

N = 8 

- Descend 
four stairs 

98 (75-109.75) 194.50 (147.50-
324.50) 

p = 0.004* N = 20 N = 8 

N: total participants; Norm: control group; DMD: Duchenne Muscular dystrophy; Pc: percentage 
*p < 0.05 

 
Figure 4. Boxplots of median percentages of the distance and IQR of the 3MWT.  
The 100%-line represents the cut-off between achieving and not achieving the expected norm value 
based on age.  
Norm: control group; DMD: Duchenne Muscular dystrophy; Pc: percentage  
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4.5 Timed Function Tests 

All the TFTs were completed by 20 boys in the control group. Ten DMD boys performed the 

rise from floor test and the walk/run 10m and eight DMD boys performed the climb and 

descend four stairs test. Three DMD boys were unable to perform the climb and descend four 

stairs test without external help. One boy did not meet the requirements of the walk/run 10m 

test to have reliable data and one DMD boy also needed external help to perform the rise 

from floor test. The DMD boys needed more time than the expected norm values to perform 

the TFTs. Statistical analysis of the percentages of the time to complete the test revealed a 

significant difference between the control and DMD group for all the TFTs (p = 0.001 – p = 

0.017) (table 4).  

Fig. 5 shows boxplots with IQR for the percentages of the time needed to complete the test.  

 

 
Figure 5. Boxplots of median percentages of the time to complete the test and IQR of the 
different timed function tests. 
The 100%-line represents the cut-off between achieving and not achieving the expected norm value 
based on age. 
Norm: control group; DMD: Duchenne Muscular dystrophy; Pc: percentage 
 

4.6 MFM-20 

Fifteen DMD boys and 28 boys in the control group completed this neuromuscular test. Most 

of the boys in the control group achieved a maximum score. Whilst for the DMD group, none 

of the boys scored maximum (figure 6). 
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Figure 6. Boxplots of median scores and IQR of the MFM-20.  
The line at score 60 represents the maximum score on the MFM-20. 
Norm: control group; DMD: Duchenne Muscular dystrophy; Ts: total score  

 

4.7 PUL-2 

Eight DMD boys and 19 boys from the control group were evaluated with the PUL-2. One DMD 

boy with the appropriate age to complete the PUL-2 was unable to perform the test. Fig. 7 

shows a boxplot with IQR for the percentages of the scores on the PUL-2. These percentages 

represent the ratio between the achieved and maximum scores on the PUL-2 subtests. For the 

PUL shoulder and PUL elbow almost all boys in the control group, except one boy with the age 

of 3 years and two months, achieved a maximum score. Seven of the 22 controls, with varying 

age, did not achieve a maximum score on the PUL wrist, mainly due to test item ‘tearing 

paper’. In contrast, only one DMD boy older than five years achieved a maximum score on the 

PUL shoulder and two DMD boys older than 4y 6mo on the PUL elbow. For the PUL wrist none 

of the DMD boys were able to score maximum.  
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Figure 7. Boxplots of median percentages of the score and IQR of the different PUL subtests. 
The 100%-line represents the achievement of all test items. 
Norm: control group; DMD: Duchenne Muscular dystrophy; Pc: percentage 
 

4.8 NSAA 

The NSAA was evaluated in 11 DMD boys and 20 controls. Fig. 8 shows that all the boys in the 

control group, except eight boys younger than 3y 6mo, achieved a maximum score. Whilst for 

the DMD group, none of the boys scored maximum. The higher scores in the DMD group were 

accomplished by the older DMD boys (> 4y 5mo). 

 

Figure 8. Boxplots of median scores and IQR of the NSAA.  
The line at score 34 represents the maximum score on the NSAA. 
Norm: control group; DMD: Duchenne Muscular dystrophy; Ts: total score 
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Part 2: Longitudinal study 

4.1 Participants  

Thirteen of the 16 boys with DMD were eligible for follow-up. Two of the three DMD boys that 

were not included in the follow-up were older than six years and one DMD boy was only 

recently included in the study. From the 13 DMD boys eligible for follow-up, two DMD boys 

dropped out for the six and 12 months follow-up for 1) medical reasons (broken foot) and 2) 

family problems. Eleven boys with DMD were followed up for a period of one year. Mean age, 

height and weight of the total group at baseline were 3.3 years (±1.2), 95cm (± 11.2) and 

15.16kg (± 4.13) respectively. Eight of the 11 participating DMD boys were tested at six 

months. The reasons for the missing data of the three boys were lack of compliance of the 

participant and impossibility to reschedule an extra appointment. At 12 months ten DMD boys 

were tested.  One boy could not be tested for the 12-month follow-up because the six months 

interval was not yet completed. In appendix C.1. an overview of the evaluated tests for each 

DMD boy is presented.  

 

4.2 PDMS-II 

Statistical analysis of data in ten DMD boys showed a significant difference in raw scores on 

the stationary, locomotor, object manipulation and visual motor integration subdomains 

between baseline and 12 months (p = 0.005 – p = 0.048) (appendix D.1.). Almost all boys with 

DMD improved their raw scores on the stationary, locomotor, object manipulation and visual 

motor integration subdomains at six and 12 months (appendix D.2.;D.3.; D.4. and D.6.). Whilst 

for the grasping subdomain, two DMD boys scored higher at six months than at 12 months. 

Although, the scores were higher at 12 months than at baseline for most of the DMD boys 

(appendix D.5.). 

For the scaled scores no significant difference was found for all subdomains between baseline 

and 12 months (p = 0.184 – p = 1.000) (appendix D.1.). In appendix D.2-6. the scaled scores of 

each DMD boy on the different subdomains are presented. A large variation between the DMD 

boys was detected. Some of the DMD boys improved, while others remained stable or had a 

decrease in performance compared to the typically developing reference population. 
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4.3 Bayley-III 

For both the raw and scaled scores on the fine and gross motor subdomains, no significant 

differences were found in the DMD boys younger than 3y 6mo between baseline and 12 

months (both p > 0.05; N=4) (appendix D.1.). However, all boys with DMD improved their raw 

scores on the fine and gross motor subdomains of the Bayley-III after six and 12 months, 

except one boy who remained stable for fine motor function (appendix D.7-8.). An overview 

of the scaled scores showed that some boys with DMD improved their scores, while the scaled 

scores of other DMD boys remained stable or decreased (appendix D.7-8.). 

 

4.4 3MWT  

No significant difference was found in four DMD boys for the 3MWT between baseline and 12 

months (p = 0.068) (appendix D.1.). However, the distance covered in three minutes improved 

in all boys with DMD over a period of one year. (figure 9). 

 
Figure 9. Visual representation of the covered distances in meters on the 3MWT for the 
DMD boys at baseline, six months and 12 months.  
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up 
 

4.5 Timed function tests  

Most of the DMD boys performed faster on the four different timed tests over a period of one 

year. Although, analysis of individual performances revealed a lot of variation in the evolution 

of the different DMD boys between baseline and one year (appendix D.9.). Only the time to 

perform the climb four stairs test was significantly different between baseline and 12 months 

(p = 0.043, N=5) (appendix D.1.). 
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4.6 MFM-20 

Fig. 10 showed that all DMD boys improved their scores on the MFM-20 after one year. Three 

DMD boys had a large increase at six months and remained relatively stable between six and 

12 months. The differences in scores on the MFM-20 between baseline and 12 months were 

statistically significant for the ten DMD boys (p = 0.005) (appendix D.1.).  

 
Figure 10. Visual representation of the MFM-20 total scores for the DMD boys at baseline, 
six months and 12 months.  
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up 
 

4.7 PUL-2 

All DMD boys improved their total score on the PUL-2 between baseline and 12 months. One 

DMD boy scored higher at 12 months than at baseline after he had a decrease in score at six 

months (figure 11). The total score was significantly different between baseline and 12 months 

(p = 0.042, N=5). No significant differences were found for PUL shoulder, elbow and wrist 

between baseline and 12 months follow-up (p = 0.059 – p = 0.066, N=5) (appendix D.1.). The 

evolution of the scores on the different subtests of the PUL-2 can be found in appendix D.10..  
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Figure 11. Visual representation of the PUL-2 total scores for the DMD boys at baseline, six 
months and 12 months.  
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up 
 

4.8 NSAA 

The scores on the NSAA improved significantly in all eight boys with DMD after 12 months (p 

= 0.012) (appendix D.1.). Although, analysis of individual performances revealed some 

variation in the evolution of the different DMD boys between baseline and one year (figure 

12). 

 
Figure 12. Visual representation of the NSAA total scores for the DMD boys at baseline, six 
months and 12 months.  
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up 
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5 Discussion 

The aim of this study was to assess the early gross and fine motor development in boys with 

DMD between the age of 0 to 5 years and 11 months compared to typically developing boys. 

Additionally, a one year follow-up of these DMD boys was performed to obtain a better insight 

in their developmental evolution. Our results revealed an overall lower performance of the 

DMD boys on the different motor evaluation scales, and thus on various aspects of the motor 

domain, compared to their typically developing peers. Over a period of one year, the DMD 

boys improved in their motor functioning. Though, variability in individual performances were 

noted. 

 

5.1 Cross-sectional study  

It is known that DMD is caused by a mutation in the dystrophin gene. This mutation causes a 

dystrophin protein deficiency in the muscle cells. The protein deficiency leads to muscle fiber 

degeneration and results in muscle weakness (Sarrazin, von der Hagen, Schara, von Au, & 

Kaindl, 2014). In general, it is hypothesized that this muscle weakness is less pronounced in 

the first three years of life. However, our results showed that all boys with DMD performed 

lower on gross motor function than typically developing boys. Even DMD boys younger than 

three years showed more difficulties in gross motor function compared to typically developing 

boys. Connolly et al. (2013) found similar results and reported that boys with DMD younger 

than three years scored significantly lower than average on the Bayley-III motor scale 

compared to typically developing children. Other studies also reported a delayed achievement 

of early motor milestones such as sitting, crawling, standing and walking in boys with DMD 

(Cyrulnik, Fee, De Vivo, Goldstein, & Hinton, 2007; Mirski & Crawford, 2014). The muscle 

dystrophin protein deficiency might influence the gross motor development before the age of 

three, though this influence and other contributing factors have not yet been investigated to 

a sufficient extend.  

E. S. Mazzone et al. (2012) found a proximal to distal evolution of muscle weakness in boys 

with DMD. This suggests that difficulties in the development of various motor skills in the early 

lifespan are mainly due to impairments in gross motor function. Our results of the PDMS-II 

support this hypothesis and showed that boys with DMD performed significantly lower on 

gross motor skills compared to fine motor skills. Connolly et al. (2013) found similar results for 
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boys younger than three years and reported that gross motor function appeared to be more 

affected than fine motor function measured with the Bayley-III. However, our results of the 

Bayley-III showed no significant difference between fine and gross motor skills in DMD boys 

younger than three years and six months. These inconsistent results might be explained by 

the variability within the DMD boys for the fine motor domain of the Bayley-III. It is important 

to notice that our findings also showed that DMD boys already have difficulties in the 

performances of fine motor tasks in the early lifespan. The presence of problems in fine motor 

function were not expected based on the proximal to distal evolution of muscle weakness. 

Other underlying factors, e.g. cognitive, behavioral and sustained attention problems, might 

play an important role in the fine motor problems and the heterogeneity in these problems 

within the DMD boys than currently is known. 

A more detailed analysis of the different fine and gross motor subdomains of the PDMS-II 

revealed that locomotion is more affected than the stationary, object manipulation, grasping 

and VMI subdomains in boys with DMD. The locomotor subdomain consists of various items 

the boys with DMD will never achieve, e.g. jumping and running fast (Pane et al., 2013). 

Subsequently, this subdomain might be less suitable for DMD boys. The hierarchy of the test 

items is based on the development of typically developing children. Several items that are 

difficult for DMD boys are arranged in a specific order, leading to a faster achievement of the 

ceiling score (three consecutive items with a score of 0). These two reasons might explain the 

lower scores on the locomotor subdomain. For the other subdomains, the lower scores are 

possibly caused by a delay in skill acquisition (Pane et al., 2013). The grasping subdomain 

covers wider age ranges between some items. Not achieving one of these items might lead to 

a lower score, resulting in an underestimation of their capabilities for this domain, especially 

for DMD boys older than three. However, during the test administration it was noticed that 

the older DMD boys (>3 years) showed a less mature pencil grasp compared to age-matched 

typically developing boys. Psychomotor problems (e.g. pencil grasp) and a limited proximal 

control might result in the difficulties experienced by the DMD boys in this subdomain. This 

might explain why most of the DMD boys older than three scored within the ‘at risk’ zone.  

Endurance and functional capacity were assessed with the 3MWT and the TFTs. The results 

showed that most of the DMD boys experienced more difficulties with the performance of the 

TFTs than the 3MWT. The TFTs are more based on dynamic power and explosive strength, 



 30 

while the 3MWT is more based on endurance. Once the 3MWT is initiated, DMD boys might 

experience less difficulties. More variability between the DMD boys was found for the TFTs 

compared to the 3MWT. Similar results were found in typically developing boys in Hoskens et 

al. (2019). They explained the variability for the TFTs by the fact that young boys are still in 

the initial stage of skill development (Hoskens et al., 2019).   

Within the TFTs a notable difference between the walk/run 10m test and the other TFTS was 

seen. In general, DMD boys could perform the walk/run 10m test more easily than the rise 

from floor, climb and descend four stairs test. Less variability was found for the walk/run 10m 

test compared to the other three TFTs. In the early stages of the disease muscle weakness is 

more pronounced in the proximal muscles and is mostly initiated at the pelvic girdle (Yiu & 

Kornberg, 2015). These muscles are essential to perform the rise from floor, climb and 

descend stair test. Weakness of these muscles might explain the lower performance of the 

DMD boys on these three TFTs.  

 

The PUL-2 was used to assess upper limb function in boys with DMD and their typically 

developing peers. For the PUL-shoulder and PUL-elbow, nearly all typically developing boys 

reached a maximum score, whilst only the DMD boys older than four years and five months 

received the maximum score on the PUL-shoulder and PUL-elbow. Pane et al. (2014) 

supported these findings and suggested that all typically developing boys older than five years 

might receive the maximum score on the PUL-2. They found that hand and arm size restricted 

the completion of some items in both the younger DMD and typically developing boys e.g. 

stacking cans from sitting (Pane et al., 2014). However, in the DMD boys proximal weakness 

and a delayed skill acquisition also might contribute to the achievement of lower scores 

compared to typically developing boys. For the PUL-wrist, no maximum scores were achieved 

in the DMD boys. Based on the observations during the assessments, the DMD boys showed 

more difficulties compared to typically developing boys with items consisting of a 

psychomotor component e.g. picking up coins and tracing path.  More studies in typically 

developing children under the age of five are necessary to establish norm values or to develop 

an adjusted test. These norm values can indicate if the lower scores in DMD boys are caused 

by age-related factors, e.g. length or by the disease process. 
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Finally, the boys with DMD were tested with two condition-specific tests, e.g. MFM and NSAA. 

A maximum score on the MFM and NSAA was not achieved by the DMD boys younger than 5y 

11mo, whilst most of the typically developing boys did reach a maximum score. The DMD boys 

scoring lower on evaluation tools assessing global development, e.g. PDMS-II, also 

experienced more difficulties on the condition-specific tests. However, lower scores on the 

MFM and NSAA were found in the younger DMD boys and higher scores in the older DMD 

boys. 

These results could be expected based on the fact that these tests assess skills that are 

selected based on disease progression (Mercuri et al., 2016). Nevertheless, boys with DMD 

might be able to achieve maximum scores on the NSAA later in life and with a corticosteroid 

treatment (Mercuri et al., 2016). An early corticosteroid treatment delays the deterioration of 

explosive strength and therefore items such as hopping or running fast can be achieved by 

older boys on corticosteroids.  

 

5.2 Longitudinal study 

In general, the boys with DMD improved their fine and gross motor performance on the 

Bayley-III scale and the PDMS-II over a period of one year. This shows that DMD boys are able 

to acquire new skills and are able to improve their performance on certain motor tasks. The 

scaled scores on the Bayley-III and PDMS-II were not significantly different between baseline 

and 12 months. In contrast, Connolly et al. (2014) found a significant increase for the fine 

motor scaled scores on the Bayley-III between baseline and 12 months. This difference can be 

due to the larger sample size (n=11) which can lead to more reliable data in Connolly et al. 

(2014). Individual analysis of the scaled scores on the Bayley-III and PDMS-II showed some 

variation between the DMD boys. Some of the DMD boys improved, while others remained 

stable or had a decrease in performance compared to the typically developing reference 

population. Meaning that the speed to acquire skills and the movement quality differ within 

the DMD boys and compared to typically developing boys. Connolly et al. (2014) found similar 

results with respect to the variation within the DMD boys. The individual differences between 

the DMD boys might be explained by multiple underlying factors, e.g. cognitive, behavioral, 

child related factors and different reactions on new situations (Veldman, Santos, Jones, Sousa-

Sa, & Okely, 2019). Some scale characteristics might also explain the individual differences in 

progression. Our results showed that for the grasping subdomain of the PDMS-II the increase 
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in raw scores was minimal. Therefore, no significant difference was detected between 

baseline and 12 months.  The grasping subdomain does not assess many items and has a wide 

age range between these items, resulting in a lower sensitivity for small developmental 

changes. As a result, less progression can be detected, especially for the younger DMD boys. 

 

A positive evolution was also found in boys with DMD for walking distance on the 3MWT. The 

DMD boys were able to cover a larger distance in three minutes after one year. In Henricson 

et al. (2012), growth and development were determined as the main contributing factors for 

the increase on the 6MWD in DMD boys younger than seven. Based on these findings and the 

similar goal of the 3MWT, growth and maturational processes might be important factors for 

the increase in walking distance on the 3MWT in boys with DMD.  

The maturation process of functional skills and strength improvement might also be 

contributing factors for the improved performance on the TFTs. The detected variation on the 

TFTs between the DMD boys might be explained by cognitive, behavioral, child related factors 

and different reactions on test situations (Veldman et al., 2019). 

 

The upper limb performance measured with the PUL-2 improved in the DMD boys over a 

period of one year. This positive evolution might be the result of growth processes and the 

acquisition of new skills.  

The DMD boys also performed better on the MFM-20 and the NSAA after a period of one 

year.  We hypothesized that the acquisition of new skills would result in an improvement on 

these scales. Ricotti et al. (2016) found similar results for the NSAA and reported that the 

scores on the NSAA improved in DMD younger than seven. The items of the MFM-20 and the 

NSAA are selected based on disease process. Therefore, these scales might have a higher 

sensitivity for developmental changes in DMD boys compared to generic scales.  

Most DMD boys had high baseline scores on the MFM-20. These higher scores resulted in a 

smaller window to detect progression over one year. Three DMD boys with lower baseline 

scores made large progressions between baseline and six months. However, at six months the 

maximum scores were almost achieved. Thus, less progression was possible in the last six 

months of follow-up for these three DMD boys.  
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No statements could be made about the influence of a corticosteroid treatment on the 

evolution of motor development, due to the small sample size and inconsistent results 

between the DMD boys on a corticosteroid treatment.  

 

5.3 Reflections about the strengths and weaknesses 

Strengths and limitations of the study were identified. The DMD and the typically developing 

boys were recruited from a limited number of neuromuscular centers (N=1), kindergartens 

(N=4) and daycares (N=3), so a sampling bias might be possible. Secondly, the DMD group was 

assessed by an experienced team while for the control group a team of students was selected. 

However, a training, a standardized assessment protocol and video material were 

implemented to minimize a difference between the assessment methods. A strength of this 

study is that multiple evaluation tools were used to assess all aspects of the motor domain. 

Most of these evaluation tools have a good validity and reliability. For the 3MWT, TFTs and 

the revised NSAA no studies are available on these psychometric values. Heterogeneity in and 

lack of reference values of the evaluation tools were counterbalanced with a typically 

developing aged-matched control group. Another strength is that this study also focused on 

the identification of the affected components of the motor domain. The data acquisition was 

conducted in a small group of DMD (cross-sectional: N=16; longitudinal: N=11) and typically 

developing boys (N=31). Statistical analysis of the follow-up data of the small DMD group 

resulted in more explorative results. Leading to a limited generalizability in the DMD 

population.  No confounding factors were taken into account in the data analysis. This might 

lead to a possible confounding bias. Site of mutation, cognition, behavior and might possibly 

influence the motor development.  

Notwithstanding these limitations and the explorative nature of the longitudinal data, our 

findings yield interesting results that might be of value in the formulation of hypotheses in 

future studies and might support the limited existing information on the developmental 

evolution in DMD boys. 

 

5.4 Recommendations for further research 

Further research to investigate the early stages of the disease is recommended to facilitate 

the early recognition of DMD and to provide a more individualized treatment. The following 

recommendations can be made: 
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1. More studies with a larger sample size and more power need to be executed, so the 

findings can be generalized to the whole DMD population.  

2. Gathering more insights into the influence of site and type of mutation, cognition, 

behavior and other confounding factors on motor development in young DMD boys. 

This information might contribute to the improvement of the diagnostic process.  

3. Studies with a follow-up period longer than one year, especially for the youngest DMD 

boys, are necessary to gather a better idea on their developmental evolution and the 

critical time periods in their development.  
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6 Conclusion  

Our work suggests that preschool DMD boys are able to acquire new motor skills and to 

improve their motor performance on certain tasks. However, they will never reach the same 

level of functioning as typically developing boys of the same age. Our DMD boys showed 

difficulties before the age of 5 years 11 months in fine motor function in addition to gross 

motor function problems. Gross motor problems were more pronounced than fine motor 

problems and were mainly seen in skills characterized by explosive strength. For fine motor 

function, skills with a psychomotor component such as picking up coins and pencil grasp 

presented the most difficulties. Furthermore, the developmental process was characterized 

by some variation between the DMD boys. The individual differences between the DMD boys 

might be explained by multiple underlying factors such as cognitive, behavioral and child 

related factors. Future research to investigate the early stages of the disease and the 

underlying factors of motor function problems is recommended to facilitate the early 

recognition of DMD and to provide a more individualized treatment.  
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Appendix A: Data-analysis  

1. Flowcharts cross-sectional study 
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2. Flowcharts longitudinal study 
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Appendix B: Results cross-sectional study  

 
1. Bayley-III and PDMS-II within group comparison of gross and fine motor skills.  

Tests P-value  

 NORM DMD 

PDMS-II   

GMQ– FMQ p = 0.645 p < 0.001* 

Bayley-III    

GMss – FMss p = 0.495 p = 0.316 

N: total participants; Norm: control group; DMD: Duchenne Muscular dystrophy; GMss: gross motor 
scaled score; FMss: fine motor scaled score; GMQ: gross motor quotient; FMQ: fine motor quotient 
*p < 0.05
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Appendix C: Participants longitudinal study 

1. Overview of the evaluated tests at baseline, six months and 12 months for each DMD boy.  
DMD  
Boy 

PDMS-II Bayley-III 3MWT 
Rise from  
floor test 

Walk/run  
10m 

Climb 
 four stairs 

Descend  
four stairs 

PUL-2 NSAA MFM-20 

 B 6 12 B 6 12 B 6 12 B 6 12 B 6 12 B 6 12 B 6 12 B 6 12 B 6 12 B 6 12 

DMD 15 
(11mo 20d) 

X X □ X X □ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ 

DMD 13 
(2y 2mo 19d) 

X X X X X X ▪ ▪ ▪ ▪ X X ▪ X X ▪ X X ▪ X X ▪ ▪ ▪ ▪ ▪ ▪ X X X 

DMD 11 
(2y 3mo 15d) 

X X X X X X ▪ X X ▪ X X ▪ X X ▪ X X ▪ X X ▪ ▪ ▪ ▪ ▪ ▪ X X X 

DMD 3 
(2y 7mo 28d) 

X ● X X ● X ꚛ ● X X ● X ꚛ ● X ꚛ ● X ꚛ ● X ꚛ ● X X ● X X ● X 

DMD 2 
(2y 8mo 5d) 

X X X X X X ꚛ ꚛ ꚛ ꚛ ꚛ ꚛ X X X ꚛ ꚛ ꚛ ꚛ ꚛ ꚛ ꚛ ꚛ ꚛ X X X X X X 

DMD 4 
(3y 2mo 19d) 

X X X X ◊ ◊ X X X X X X X X X ꚛ ꚛ X ꚛ ꚛ X ꚛ X X X X X X X X 

DMD 8 
(3y 10mo 3d) 

X ○ X ◊ ◊ ◊ X ○ X X ○ X X ○ X X ○ X X ○ X X ○ X X ○ X X ○ X 

DMD  9 
(3y 10mo 19d) 

X X X ◊ ◊ ◊ ꚛ X X X X X X X X X X X X X X X X X X X X X X X 

DMD 10 
(4y 0mo 28d) 

X X X ◊ ◊ ◊ X X X X X X X X X X X X X X X X X X X X X X X X 

DMD 5 
(4y 9mo 26d) 

X X X ◊ ◊ ◊ X X X X X X X X X X X X X X X X X X X X X X X X 

DMD 7 
(4y 10mo 9d) 

X ● X ◊ ◊ ◊ ꚛ ꚛ ꚛ X ● X X ● X X ● X X ● X X ● X X ● X X ● X 

DMD: Duchenne Muscular dystrophy;  y: years ; mo: months; d: days; B: baseline; 6: 6 months follow-up; 12 months follow-up ◊ Too old ; ▪ Too young; □ six 
months interval not completed ; ○ not compliant ; ● not tested due to unexpected circumstances at testing date ;  ꚛ Too difficult or not reliable
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Appendix D: Results longitudinal study  

1. Comparison between baseline and 12 months follow-up for all motor evaluation scales in 
the DMD boys.  

Tests P-value 
Baseline vs 12 months 

Total 

PDMS - II   

- STrs p = 0.048* N = 10 

- STss p = 0.184 N = 10 

- LOrs  p = 0.005* N = 10 

- LOss p = 1.000 N = 10 

- OMrs p = 0.028* N = 10 

- OMss p = 0.861 N = 10 

- GRrs p = 0.073 N = 10 

- GRss p = 0.475 N = 10 

- VMIrs p = 0.008* N = 9 

- VMIss p = 0.299 N = 9 

- GMQ p = 0.439 N = 10 

- FMQ p = 0.833 N = 9 

- TQ p = 0.726 N = 9 

Bayley-III   

- GMrs p = 0.068 N = 4 

- GMss p = 0.854 N = 4 

- FMrs p = 0.068 N = 4 

- FMss p = 0.465 N = 4 

- IS p = 0.581 N = 4 

3MWT p = 0.068 N = 4 

TFTs   

- Rise from floor test p = 0.910 N = 8 

- Walk/run 10m p = 0.398 N = 7 

- Climb four stairs p = 0.043* N = 5 
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- Descend four stairs  p = 0.080  N = 5 

MFM-20 p = 0.005* N = 10 

PUL-2   

- Shoulder p = 0.059 N = 5 

- Elbow p = 0.063 N = 5 

- Wrist p = 0.066 N = 5 

- Total p = 0.042* N = 5 

NSAA p = 0.012* N = 8 

N: total participant; Norm: control group; DMD: Duchenne Muscular dystrophy; STrs: stationary raw 
score; STss: stationary scaled score; LOrs: locomotion raw score; LOss: locomotion scaled score; 
OMrs: object manipulation raw score; OMss: object manipulation scaled score; GRrs: grasping raw 
score; GRss: grasping scaled score; VMIrs: visual motor integration raw score; VMIss: visual motor 
integration scaled score; GMQ: gross motor quotient; FMQ: fine motor quotient; TQ: total quotient; 
GMrs: gross motor raw score; GMss: gross motor scaled score; FMrs: fine motor raw score; FMss: 
fine motor scaled score; IS: index score 
*p < 0.05 
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2. Visual representation of the raw and scaled scores of the stationary subdomain of the PDMS-II for the DMD boys at baseline, six months and 
12 months.  
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up; y: years; mo: months; d: days; PdmsSTrs: PDMS-II stationary 
raw score 

DMD boys Baseline 
Scaled score 

6mo 
Scaled score 

12mo 
Scaled score 

DMD15 (11mo 20d) 7 10  / 
DMD13 (2y 2mo 19d) 5 7 7 
DMD11 (2y 3mo 15d) 9 8 7 
DMD3 (2y 7mo 28d) 10  / 4 
DMD2 (2y 8mo 5d) 8 6 5 
DMD4 (3y 2mo 19d) 7 7 5 
DMD8 (3y 10mo 3d) 6 / 4 
DMD9 (3y 10mo 19d) 5 7 7 
DMD10 (4y 0mo 28d) 6 5 5 
DMD5 (4y 9mo 26d) 7 7 7 
DMD7 (4y 10mo 9d) 4  / 5 
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3. Visual representation of the raw and scaled scores of the locomotor subdomain of the PDMS-II for the DMD boys at baseline, six months and 
12 months.  
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up; y: years; mo: months; d: days; PdmsLOrs: PDMS-II locomotion 
raw score 
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4. Visual representation of the raw and scaled scores of the object manipulation subdomain of the PDMS-II for the DMD boys at baseline, six 
months and 12 months.  
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up; y: years; mo: months; d: days; PdmsOMrs: PDMS-II object 
manipulation raw score 
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5. Visual representation of the raw and scaled scores of the grasping subdomain of the PDMS-II for the DMD boys at baseline, six months and 12 
months.   
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up; y: years; mo: months; d: days; PdmsGRrs: PDMS-II grasping raw 
score 
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6. Visual representation of the raw and scaled scores of the visual motor integration subdomain of the PDMS-II for the DMD boys at baseline, six 
months and 12 months.   
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up; y: years; mo: months; d: days; PdmsVMIrs: PDMS-II visual motor 
integration raw score 
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7. Visual representation of the raw and scaled scores of the fine motor subdomain of the Bayley-III for the DMD boys at baseline, six months and 
12 months.    
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up; y: years; mo: months; d: days; BayleyFMrs: Bayley-III fine motor 
raw score 

 
 
 
 
 
 
 
 
 
 

 
 
8. Visual representation of the raw and scaled scores of the gross motor subdomain of the Bayley-III for the DMD boys at baseline, six months 
and 12 months.   
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up; y: years; mo: months; d: days; BayleyGMrs: Bayley-III gross 
motor raw score 
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9. Visual representation of the time in seconds to complete the Timed function tests for the DMD boys at baseline, six months and 12 months.  
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up 
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10. Visual representation of the scores on the PUL shoulder, elbow and wrist for the DMD boys at baseline, six months and 12 months.  
DMD: Duchenne Muscular Dystrophy; 6mo: 6 months follow-up; 12mo: 12 months follow-up 
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Appendix E: Additional documents master thesis 

1. Progress form  
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2. Registration forms 
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3. Advise promotor to defend master thesis 
 

 
 
 
4. COVID-19 addendum  
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5. Declarations of honor 
 

Verklaring op Eer 

 
Ondergetekende, student aan de Universiteit Hasselt (UHasselt), faculteit revalidatiewetenschappen 

aanvaardt de volgende voorwaarden en bepalingen van deze verklaring: 

1. Ik ben ingeschreven als student aan de UHasselt in de opleiding revalidatiewetenschappen en 

kinesitherapie, waarbij ik de kans krijg in het kader van mijn opleiding mee te werken aan 

onderzoek van de faculteit revalidatiewetenscahppen aan de UHasselt. Dit onderzoek wordt beleid 

door Prof Dr Klingels Katrijn en kadert binnen het opleidingsonderdeel wetenschappelijke 

masterproef deel 2. Ik zal in het kader van dit onderzoek creaties, schetsen, ontwerpen, 

prototypes en/of onderzoeksresultaten tot stand brengen in het domein van Duchenne Muscular 

Dystrophy  (hierna: “De Onderzoeksresultaten”). 

 

2. Bij de creatie van De Onderzoeksresultaten doe ik beroep op de achtergrondkennis, vertrouwelijke 

informatie1, universitaire middelen en faciliteiten van UHasselt (hierna: de “Expertise”).   

 

3. Ik zal de Expertise, met inbegrip van vertrouwelijke informatie, uitsluitend aanwenden voor het 

uitvoeren van hogergenoemd onderzoek binnen UHasselt. Ik zal hierbij steeds de toepasselijke 

regelgeving, in het bijzonder de Algemene Verordening Gegevensbescherming (EU 2016-679), in 

acht nemen.  

 

4. Ik zal de Expertise (i) voor geen enkele andere doelstelling gebruiken, en (ii) niet zonder 

voorafgaande schriftelijke toestemming van UHasselt op directe of indirecte wijze publiek maken. 

 

5. Aangezien ik in het kader van mijn onderzoek beroep doe op de Expertise van de UHasselt, draag 

ik hierbij alle bestaande en toekomstige intellectuele eigendomsrechten op De 

Onderzoeksresultaten over aan de UHasselt. Deze overdracht omvat alle vormen van intellectuele 

eigendomsrechten, zoals onder meer – zonder daartoe beperkt te zijn – het auteursrecht, 

octrooirecht, merkenrecht, modellenrecht en knowhow. De overdracht geschiedt in de meest 

volledige omvang, voor de gehele wereld en voor de gehele beschermingsduur van de betrokken 

rechten.  

 

6. In zoverre De Onderzoeksresultaten auteursrechtelijk beschermd zijn, omvat bovenstaande 

overdracht onder meer de volgende exploitatiewijzen, en dit steeds voor de hele 

beschermingsduur, voor de gehele wereld en zonder vergoeding:  

- het recht om De Onderzoeksresultaten vast te (laten) leggen door alle technieken en op alle 

dragers; 

- het recht om De Onderzoeksresultaten geheel of gedeeltelijk te (laten) reproduceren, 

openbaar te (laten) maken, uit te (laten) geven, te (laten) exploiteren en te (laten) 

verspreiden in eender welke vorm, in een onbeperkt aantal exemplaren;  

 
1 Vertrouwelijke informatie betekent alle informatie en data door de UHasselt meegedeeld aan de student voor 
de uitvoering van deze overeenkomst, inclusief alle persoonsgegevens in de zin van de Algemene Verordening 
Gegevensbescherming (EU 2016/679), met uitzondering van de informatie die (a) reeds algemeen bekend is; (b) 
reeds in het bezit was van de student voor de mededeling ervan door de UHasselt; (c) de student verkregen heeft 
van een derde zonder enige geheimhoudingsplicht; (d) de student onafhankelijk heeft ontwikkeld zonder gebruik 
te maken van de vertrouwelijke informatie  van de UHasselt; (e) wettelijk of als gevolg van een rechterlijke 
beslissing moet worden bekendgemaakt, op voorwaarde dat de student de UHasselt hiervan schriftelijk en zo 
snel mogelijk op de hoogte brengt.  
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- het recht om De Onderzoeksresultaten te (laten) verspreiden en mee te (laten) delen aan 

het publiek door alle technieken met inbegrip van de kabel, de satelliet, het internet en alle 

vormen van computernetwerken; 

- het recht De Onderzoeksresultaten geheel of gedeeltelijk te (laten) bewerken of te (laten) 

vertalen en het (laten) reproduceren van die bewerkingen of vertalingen; 

- het recht De Onderzoeksresultaten te (laten) bewerken of (laten) wijzigen, onder meer door 

het reproduceren van bepaalde elementen door alle technieken  en/of door het wijzigen van 

bepaalde parameters (zoals de kleuren en de afmetingen). 

 

De overdracht van rechten voor deze exploitatiewijzen heeft ook betrekking op toekomstige 

onderzoeksresultaten tot stand gekomen tijdens het onderzoek aan UHasselt, eveneens voor de 

hele beschermingsduur, voor de gehele wereld en zonder vergoeding.  

 

Ik behoud daarbij steeds het recht op naamvermelding als (mede)auteur van de betreffende 

Onderzoeksresultaten. 

7. Ik zal alle onderzoeksdata, ideeën en uitvoeringen neerschrijven in een “laboratory notebook” 

en deze gegevens niet vrijgeven, tenzij met uitdrukkelijke toestemming van mijn 

UHasseltbegeleider Prof Dr Klingels Katrijn.  

 

8. Na de eindevaluatie van mijn onderzoek aan de UHasselt zal ik alle verkregen vertrouwelijke 

informatie, materialen, en kopieën daarvan, die nog in mijn bezit zouden zijn, aan UHasselt 

terugbezorgen.  

Gelezen voor akkoord en goedgekeurd, 

 

Naam: Lore Camps  

Adres: Kerkhofstraat 36  

Geboortedatum en –plaats : 20/04/1997 Diest    

Datum: 19/05/2020 

Handtekening: Lore Camps  
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6. Agreements  
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