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Motor training of sixty minutes once per week improves
motor ability in children with congenital heart disease and
retarded motor development: a pilot study

Jan Müller,1,2 Milka Pringsheim,1 Andrea Engelhardt,1 Juliana Meixner,1 Martin Halle,3,4

Renate Oberhoffer,1,2 John Hess,1 Alfred Hager1

1Department of Pediatric Cardiology and Congenital Heart Disease, Deutsches Herzzentrum München; 2Institute of
Preventive Pediatrics; 3Preventive and Rehabilitative Sports Medicine, Technische Universität München; 4Munich
Heart Alliance, Munich, Germany

Abstract Objective: Delay and impairment of motor development is reported in patients with congenital heart
disease. This pilot study addressed the feasibility and effect of a low-dose motor training programme of 60 min
once per week on motor ability in preschool children with congenital heart disease. Patients and methods: In all,
14 children – including four girls, in the age group of 4–6 years – with various types of congenital heart
disease performed the motor developmental test MOT 4–6 before and after 3 months of a playful exercise
programme of 60 min once a week. Results: At baseline, the motor quotient ranged from normal to slightly
impaired (median 92.0; Quartile 1: 83.75; Quartile 3: 101.25). After intervention, motor quotient did not
change significantly for the entire group (95.0 (88.0, 102.5); p 5 0.141). However, in the subgroup of nine
children with retarded motor development at baseline (motor quotient lower 100), seven children had an
improved motor quotient after 3 months of intervention. In this subgroup, motor quotient increased
significantly (p 5 0.020) by 5%. Conclusions: Overall, a short intervention programme of 60 min only once a
week does not improve motor ability in all children with congenital heart disease. However, those with
retarded motor development profit significantly from this low-dose intervention.
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P
HYSICAL ACTIVITY IS A BASIC NEED IN CHILDREN.
Their perceptual and motor experiences
determine their physical and motor develop-

ment and also affect their emotional, psychosocial,
and cognitive development.1,2

In the majority of children with congenital heart
disease, there is a delay in motor development
compared with healthy peers.1–9 The reason for
a reduced motor development is manifold. The
severity of disease including long-standing cyanosis
in early childhood,7,8 time on the intensive care

unit,5 duration of circulatory arrest, and age at
surgery5,8,10,11 are known risk factors. In addition,
a reduced daily activity,12–15 often advised by
physicians and enhanced by parental overprotec-
tion,1,12,16 contribute to this phenomenon. If left
untreated, these motor deficits usually persist into
adulthood.5,6,10,11

However, optimal rehabilitative, social, and envir-
onmental support might improve the children’s motor
competence and prevent health problems later in life.
Until now, only pilot studies with few participants
have been published, which have shown that motor
training improves motor ability2,9 and quality of life
in children with congenital heart disease.17

However, a training of several times a week is
not achievable in most cases primarily because of
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logistical problems. Thus, this study addresses the
feasibility and effectiveness of a simple playful
motor training once a week to improve motor
ability in children with congenital heart disease
within a period of 3 months.

Patients and methods

Study design
From April, 2007 to July, 2011, we recruited
4–6-year-old preschool children with various types
of congenital heart disease for a supervised motor
training at the Department of Preventive and
Rehabilitative Sports Medicine of our University.
Before inclusion, a detailed medical examination
was performed by a paediatric cardiologist including
physical examination, resting and ambulatory electro-
cardiogram, and echocardiography. The detailed
exclusion criteria for the safety of the study are
published online (see Supplementary Materials).

After inclusion, all patients performed a baseline
test to assess motor developmental abilities. Then,
the children participated in a special training
programme aimed at motor ability improvement.
After 3 months and at least 12 sessions, the children
underwent the motor development assessment again.

The study was prospectively designed and in
accordance with the declaration of Helsinki (revision
2007). The study protocol was approved by the local
ethics board (project number 1730/07). All patients’
parents gave written informed consent.

Motor development assessment

Motor ability was quantified with the MOT 4–6 from
Zimmer et al.18 This test is designed to assess motor
deficits in preschool children and is reliable in the age
group of 4–6 years. There are 18 different exercise
tasks that address several domains of motor skills such
as agility, coordination, reaction, jumping power,
balance, as well as speed and control of motion. Each
task, except the first one, is rated with zero, one, or
two points according to predefined landmarks for that
single task. All task points are summed up to a score
that is transformed to a motor ability index (motor
quotient) according to the corresponding reference
value for boys and girls in half-year age groups.18

A motor quotient of 100 resembles the expected
reference value with a standard deviation of 15.

Full test time with prearrangement takes about
30 min. All tests were conducted by the same
examiner in our institution.

Intervention programme
Children were trained in small groups by a sport
scientist once per week for 60 min in a playful

manner. The aim of the exercise programme was
to improve motor ability in a playful manner.
Parents were not allowed to stay in the gym during
the session.

The programme started with a short gathering
where children reported on their health status in the
previous week. Afterwards, the trainer introduced a
motto of the session with a short story and started
with a playful warm-up. The main part with the
aim to enhance motor competence contained several
obstacles that had to be passed either alone or in the
group. For example, when the topic of the session
was ‘‘jungle’’, the adventurer (child) had to get over
a river (swing on a rope), cross a canyon on a small
bridge (balancing on a bar), and pick bananas from a
tree (climbing wall bars).

Data analyses

Owing to the fact that data were skewed, all
descriptive data are expressed in median values
and interquartile ranges (Quartile 1; Quartile 3).
Non-parametric Wilcoxon signed-rank test was
performed to compare the motor ability at baseline
with that after intervention.

All analyses were performed using PASW 18.0
software (SPSS Incorporation, Chicago, Illinois,
United States of America). p-values ,0.05 were
considered significant.

Results

From April, 2007 to July, 2010, 14 children with
various types of congenital heart disease could be
recruited from our outpatient department (Table 1).

Median motor quotient at baseline was 92.0
(83.75, 101.25). Of the 14 patients, 9 were below
the reference value of 100. After the training
programme, motor quotient increased slightly to
95.0 (88.0, 102.5) but failed to reach statistical
significance in the whole group (p 5 0.141; Fig 1).

In a subgroup analysis of the nine children with a
less than normal motor development at baseline
(motor quotient lower 100), there was an increase in
motor ability in seven of the nine children. In the
whole subgroup, motor quotient increased signifi-
cantly (p 5 0.020) about 5% from 87.0 (79.0, 92.0)
to 88.0 (86.5, 95.5) after 3 months of motor
training (Fig 2).

Discussion

This study showed that even a short intervention
programme of 60 min once per week improves the
motor ability of children with congenital heart disease
and a retarded motor development within 3 months.
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Table 1. Study subjects and MOT 4–6 results from baseline and follow-up testing.

Number Diagnosis Sex Age (years) Therapeutic procedures MQ (baseline) MQ (follow-up) Effect

1 Pulmonaray stenosis F 4,0 Dilation with a balloon 75 78 m
2 Hypoplastic left heart M 4,1 Extracardiac total cavopulmonary connection 78 85 m
3 Tetralogy of Fallot M 5,0 VSD closure and transatrial patch 80 88 m
4 Abnormal origin of the subclavia arteria M 5,1 Implantation of the right Arteria subclavia 85 88 m
5 Coartation of the aorta F 4,6 Resection and end-to-end anastomosis 87 96 m
6 Ventricular septal defect F 5,2 Surgical closure with a patch 88 95 m
7 Mild aortic stenosis M 4,5 None 90 88 k
8 Ventricular septal defect M 4,1 None 94 97 m
9 Pulmonary atresia with ventricular septal defect F 4,1 VSD closure and relief of right outflow tract 94 93 k
10 Atrioventricular septal defect M 6,1 Corrective surgery with two patches 101 95 k
11 Pulmonary stenosis M 5,3 Dilation with a balloon 101 101 3
12 Tetralogy of Fallot M 4,7 VSD closure and transatrial patch 102 107 m
13 Dysplastic aortic valve M 4,2 None 106 108 m
14 Transposition of the great arteries M 4,8 Anatomic correction 123 113 k

F 5 female; M 5 male; MOT 5 motor developmental test; MQ 5 motor quotient; VSD 5 ventricular septal defect
F

ig
u

re
1

.
C

hanges
in

m
otor

quotient
in

children
at

baseline
and

follow
-up

testing.
B

oys
are

depicted
in

blue
and

girls
in

red.
T

he
dashed

line
represents

the
norm

al
m

otor
developm

ent.

F
ig

u
re

2
.

M
otor

quotient
in

children
at

baseline
and

follow
-up

testing
according

to
subgroups.

M
Q

5
m

otor
quotient.

*C
hildren

w
ith

a
less

than
norm

al
m

otor
developm

ent
show

an
increase

in
m

otor
ability

after
3

m
onths

of
m

otor
training

(W
ilcoxon

signed-rank
test,

p
5

.020).

V
ol.

2
3
,

N
o.

5
M

üller
et

al:
M

otor
train

in
g

in
ch

ild
ren

w
ith

con
g

en
ital

h
eart

d
isease

7
1
9

http:/w
w

w
.cam

bridge.org/core/term
s. http://dx.doi.org/10.1017/S1047951112001941

D
ow

nloaded from
 http:/w

w
w

.cam
bridge.org/core. Technical U

niversity of M
unich U

niversity Library, on 21 O
ct 2016 at 12:43:13, subject to the Cam

bridge Core term
s of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/S1047951112001941
http:/www.cambridge.org/core


(32%) had severe deficits. In the healthy peers, 78%
had a normal or better than normal motor develop-
ment. In contrast to Bjarnason-Wehrens et al,1 only
four (29%) of our children were slightly impaired in
their motor development, that is, a motor quotient
lower 85. The other 10 (71%) presented at least a
normal motor development at baseline. This superior
motor result is probably a bias of our patient
recruitment as our patients’ parents were motivated
to let their children participate in this sport
programme. Probably, they were also more liberal
to allow their children to indulge in normal sport
activities in daily life and were less ‘‘overprotective’’.

The role of this ‘‘overprotection’’ is very im-
portant. In the study of Bjarnason-Wehrens et al,1

the authors outline that even patients without
haemodynamic burden show impairment in motor
development. Unverdorben et al19 demonstrated
that children with congenital heart disease who
were refrained from physical exercise had a higher
motor impairment than children who participate in
normal sport activities. However, the harm of
overprotection, especially in those children with
simple defects without residuals, could be avoided
by improving the awareness of the parents regarding
the cardiac defect of their children. Currently, there
still is a tremendous lack of information regarding
daily exercise and competitive activities, as well as
the education of their potential benefits in patients
with congenital heart disease.20

With regard to motor training in congenital heart
disease, there have only been two pilot studies2,9 in
school-aged children. Dordel et al2 were the first
to report an improvement in motor ability in
31 children with various types of congenital heart
disease after 8 months of a psychomotor training. In
their study, playful training once a week for 75 min
was sufficient to increase motor ability significantly.
Moreover, the effect holds true for all subgroups
(mild or no sequels – severe sequels, age younger
ten – ten years or older, cyanotic – acyanotic).
Another intervention study performed by Mooren
et al9 showed the same effect in the short-term
outcome. Their swim training for 45 min once per
week increased motor ability significantly within
3 months of intervention in 10 patients with
congenital heart disease. However, in both investiga-
tions children had an impaired motor ability at
baseline. This is in contrast to our study group where
most of the children had a normal motor develop-
ment, and improvements were seen only in those
with a reduced motor development. Thus, we cannot
generalise that training once per week is enough to
reach an increase in the whole group of patients with
congenital heart disease. From our point of view,
motor training once a week seems to be too low to

reach an improvement in motor ability. Nevertheless,
a positive effect of this low-dose exercise training is
seen in those patients with a delay in their motor
competence. Therefore, it is important to initiate
further exercise programmes to evaluate whether a
low-dose intervention programme has a positive
effect in a larger group of children with congenital
heart disease.

Conclusions

Children with congenital heart disease should be
screened for a diminished motor development as
early as possible in the clinical follow-up routine.
Even when only slightly retarded, a participation
in a special motor training programme should be
aspired after sound check-up by a paediatric
cardiologist. These programmes should, however,
be performed at least twice per week to improve
motor ability. This will hopefully facilitate a normal
social integration and school sport participation.
Moreover, more education from medical doctors
regarding the potential benefit of exercise is needed.
Children and their families should be encouraged to
an active lifestyle and to participate in leisure sport
to avoid overprotection. Prospective studies with a
randomised controlled design in a larger, probably
multi-centre cohort are needed to confirm these
conclusions.
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Bayern’’. There was no conflict of interest.

Supplementary materials

For supplementary material referred to in this
article, please visit http://dx.doi.org/doi:10.1017/
S1047951112001941

References

1. Bjarnason-Wehrens B, Dordel S, Schickendantz S, et al. Motor
development in children with congenital cardiac diseases
compared to their healthy peers. Cardiol Young 2007: 1–12.

2. Dordel S, Bjarnason-Wehrens B, Lawrenz W, et al. Efficiency of
psychomotor training of children with partly corrected congenital
heart disease. Deutsche Zeitschrift für Sportmedizin 1999; 50.

3. Holm I, Fredriksen PM, Fosdahl MA, Olstad M, Vollestad N.
Impaired motor competence in school-aged children with
complex congenital heart disease. Arch Pediatr Adolesc Med
2007; 161: 945–950.

4. Hovels-Gurich HH, Seghaye MC, Dabritz S, Messmer BJ, von
Bernuth G. Cognitive and motor development in preschool and

720 Cardiology in the Young October 2013

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/S1047951112001941
Downloaded from http:/www.cambridge.org/core. Technical University of Munich University Library, on 21 Oct 2016 at 12:43:13, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/S1047951112001941
http:/www.cambridge.org/core


school-aged children after neonatal arterial switch operation.
J Thorac Cardiovasc Surg 1997; 114: 578–585.

5. Limperopoulos C, Majnemer A, Shevell MI, et al. Predictors of
developmental disabilities after open heart surgery in young
children with congenital heart defects. J Pediatr 2002; 141:
51–58.

6. Losse A, Henderson SE, Elliman D, Hall D, Knight E, Jongmans M.
Clumsiness in children – do they grow out of it? A 10-year
follow-up study. Dev Med Child Neurol 1991; 33: 55–68.

7. Stieh J, Kramer HH, Harding P, Fischer G. Gross and fine motor
development is impaired in children with cyanotic congenital
heart disease. Neuropediatrics 1999; 30: 77–82.

8. Schmitz S, Dordel S, Bott D, et al. Fine motor abilities in
children with congenital heart diseases compared to healthy peers.
Eur J Cardiovasc Prev Rehabil 2008, Supplement EuroPrevent
Congress Paris 2008:116.

9. Mooren FC, Winter K, Neumann-Wedekindt U, et al. Effect of a
3 months swim training of children with corrected congenital
heart disease – a pilot study. Deutsche Zeitschrift für Sportme-
dizin 2002; 53.

10. Bellinger DC, Jonas RA, Rappaport LA, et al. Developmental and
neurologic status of children after heart surgery with hypothermic
circulatory arrest or low-flow cardiopulmonary bypass. N Engl J
Med 1995; 332: 549–555.

11. Bellinger DC, Wypij D, Kuban KC, et al. Developmental and
neurological status of children at 4 years of age after heart surgery
with hypothermic circulatory arrest or low-flow cardiopulmonary
bypass. Circulation 1999; 100: 526–532.

12. Müller J, Christov F, Schreiber C, Hess J, Hager A. Exercise
capacity, quality of life, and daily activity in the long-term

follow-up of patients with univentricular heart and total
cavopulmonary connection. Eur Heart J 2009; 30: 2915–2920.

13. Dua JS, Cooper AR, Fox KR, Graham Stuart A. Physical activity
levels in adults with congenital heart disease. Eur J Cardiovasc
Prev Rehabil 2007; 14: 287–293.

14. Fredriksen PM, Ingjer E, Thaulow E. Physical activity in children
and adolescents with congenital heart disease. Aspects of
measurements with an activity monitor. Cardiol Young 2000;
10: 98–106.

15. Müller J, Hess J, Hager A. Daily physical activity in adults with
congenital heart disease is positively correlated with exercise
capacity but not with quality of life. Clin Res Cardiol 2012; 101:
55–61.

16. Utens EM, Verhulst FC, Erdman RA, et al. Psychosocial
functioning of young adults after surgical correction for
congenital heart disease in childhood: a follow-up study.
J Psychosom Res 1994; 38: 745–758.

17. Moons P, Barrea C, Suys B, et al. Improved perceived health
status persists three months after a special sports camp for
children with congenital heart disease. Eur J Pediatr 2006; 165:
767–772.

18. Zimmer R, Volkamer M. Manual MOT 4-6 Motoriktest für
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