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Introduction
The prevalence of childhood overweight (OW) and obesity 
(OB) has been rapidly increasing worldwide (1). This global 
epidemic is alarming because OW and OB in children has 
been associated with a number of negative outcomes concern-
ing physical health and psychosocial well-being along with 
an increased risk for persistence into later adulthood (2,3). In 
recent years, the adverse implications of being OW or obese 
(OB) on children’s level of motor skill competence has received 
increasing attention given the potential role of this factor in 
both development (prevention) and treatment (intervention) 
of the condition (4–8).

Successful engagement in everyday activities requires that chil-
dren master different motor skills, ranging on a continuum from 
gross to fine motor co-ordination (9,10). Furthermore, motor 
skill competence is considered a key determinant of physical 
activity engagement (11–13). Children with a high level of motor 

competence may find it easier to participate in physical activity, 
whereas children with a low(er) level of motor competence may 
prefer more sedentary pastimes in order to avoid movement dif-
ficulties (14–16). Such activity deficit may lead to limited move-
ment experiences, which impedes the necessary practice and 
further development of motor skills as well as health-related ben-
efits (7,15,16). Because adequate motor competence may assist in 
maintaining a physically active lifestyle, a lack thereof puts less 
skilled children at risk for developing OW or OB (16,17).

At the same time, a growing body of evidence has shown that 
excess body weight imposes significant constraints on children’s 
motor competence (4,18–24). The majority of available stud-
ies within this particular area of research have predominantly 
focussed on gross motor skills and associated body co-ordina-
tion, which clearly seemed to be affected. Graf et al. (20), for 
example, demonstrated an inverse relationship between BMI 
and gross motor development in a large sample of first-grade 
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children. Childhood OW and especially OB were found to result 
in poorer gross motor co-ordination performance as compared 
to healthy-weight (HW) peers. Moreover, D’Hondt et al. (23) 
reported a more pronounced detrimental effect of excess body 
weight on gross motor co-ordination with increasing age in 5- to 
12-year old children. Remarkably, most OW and OB (OW/OB) 
children do not only show motor skill competence that deviates 
from the normative standards, but that can also be classified as 
impaired requiring special attention (23,24). As OW and OB 
are strongly associated with nonoptimal motor development, 
weight status proves to be an important factor explaining varia-
tion in children’s motor competence levels.

Accordingly, OB treatment (and concomitant weight loss) 
may have a beneficial effect on motor skill in OW/OB children. 
It seems increasingly apparent from adult and adolescent lit-
erature that weight loss is associated with significant improve-
ments in muscle function, motor control, and performance 
(25,26). In children, however, research has mainly focussed on 
the effectiveness of weight reduction programs in decreasing 
body fat levels and improving measures of (mental) health, 
physical activity, and physical fitness performance (27–30). 
Studies examining whether (relative) weight loss achieved by 
following a multidisciplinary OB treatment program may also 
improve OW/OB children’s motor skill competence and co-
ordination are currently lacking.

The main purpose of the present preliminary study was to 
evaluate the short-term effectiveness of an existing multidisci-
plinary residential treatment program for OW/OB children in 
terms of changing body weight and other weight-related meas-
ures as well as gross motor skill co-ordination. It was hypoth-
esized that improvements would occur in both areas relative to 
the baseline measures at the start of treatment. Given that the 
amount of (relative) weight loss achieved can be considered as 
a key outcome measure of the program, our secondary pur-
pose was to describe the extent to which this factor explained 
the projected increase in participant’s gross motor co-ordina-
tion performance. The greatest progress in gross motor co-
ordination was expected in those children who lost the largest 
percentage of their original body weight during treatment.

Methods and Procedures
Study population
A total of 72 children (aged 7–13 years, 24 girls and 48 boys) partici-
pated in this study. Half of the children (N = 36) was recruited through a 
local rehabilitation centre (Zeepreventorium VZW, De Haan, Belgium), 
where they attended a multidisciplinary residential OB treatment pro-
gram (between January 2008 and July 2009). Based on internationally 
accepted cut-off points for BMI in children (31), these participants could 
be identified as OW (N = 2) or OB (N = 34) and were assigned to the 
OW/OB group. All of the OW/OB children were referred to the program 
by their family physician, but had no underlying endocrine disease and 
were free from any serious comorbidities. A normal intelligence quo-
tient (i.e., IQ >70) was an additional criterion for entry in the program. 
The other 36 children included in this study were recruited through a 
local primary school (in October 2009) and selected from a larger pool 
of around 200 pupils in order to match the OW/OB participants based 
on gender and age. These participants could all be classified as HW 
and represented the HW group, which was not involved in any kind of 
treatment. The study sample was further divided into a younger (aged 

7–9 years, N = 26) and an older group (aged 10–13 years, N = 46), with 
weight status evenly distributed in both age groups (50% HW and 50% 
OW/OB).

OB treatment program
Participants in the OW/OB group followed a multidisciplinary resi-
dential treatment program at the Zeepreventorium VZW, with a stand-
ard duration varying from 6 to 10 months and a minimal treatment 
period of 4 months. The program consisted of three major components, 
including moderate dietary restriction (i.e., 1,400–1,600 kcal/day from 
three main meals and two healthy snacks), psychological support (i.e., 
cognitive behavioral modification and individual psychotherapy), and 
regular physical activity. Concerning this latter component, each child 
received 4 h/week of individual guided exercises with a focus on aero-
bic activities such as walking, running, swimming, cycling, or fitness 
training. Activities were performed at an exercise intensity of 20% lower 
than the theoretical maximal heart rate and exercise duration gradu-
ally increased during treatment. Besides improving endurance, exer-
cise sessions were also focused on the correction of posture and the 
maintenance of flexibility and muscular strength. In addition, children 
participated in organized/supervised team sports and/or group games 
for 2 h/day or 10 h/week and had also sufficient opportunity to be physi-
cally active in their free time.

Measurements
All children were assessed on two occasions, with a time interval of 
4 months. Evaluation at baseline occurred during the first month of 
the residential treatment program for those participants included in the 
OW/OB group. At both testing sessions, children wore light sportswear 
and were barefoot. Anthropometric measures were always recorded 
prior to the assessment of gross motor co-ordination. All tests were 
administered by a team of trained examiners. The study protocol was 
approved by the Ethics Committee of the Ghent University Hospital, 
and written informed consent was obtained from the parent(s) of each 
of the participants prior to data collection.

Anthropometric measurements
Height was measured to the nearest 0.1 cm using a portable stadio
meter (Harpenden; Holtain, Crymych, UK). Body weight (0.1 kg) and 
percentage body fat (0.1%) were computed using a digital balance scale 
provided with foot-to-foot bioelectrical impedance analysis technology 
(Tanita BC-420; Weda, Naarden, Holland), which has been shown to be 
a reliable and accurate tool for the measurement of body composition 
in children (32,33). From the recorded height and weight measures, 
BMI (kg/m2) was calculated and used to classify the subjects according 
to the age- and gender-specific BMI cut-off points for children recom-
mended by the International Obesity Task Force (31). Waist circumfer-
ence was measured with 0.1 cm accuracy at 4 cm above the umbilicus 
using a flexible nonelastic tape (34).

Assessment of gross motor co-ordination
Gross motor co-ordination was assessed by means of the 
Körperkoordinationstest für Kinder (Body Co-ordination Test for 
Children) (KTK). It is a standardized product-oriented test, developed 
and recently revised by Kiphard and Schilling (35,36). Being a highly 
reliable and valid instrument, the KTK is commonly used to asses gross 
motor and dynamic balance skills in children aged 5–15 years (35–37). 
The test battery was also designed to identify children facing gross 
motor co-ordination problems.

Administration of the KTK requires four subtests to be completed: 
(i) walking backwards along balance beams of decreasing width: 6.0 cm, 
4.5 cm, 3.0 cm (KTKBEAM), (ii) moving sideways on wooden boards dur-
ing 20 s (KTKBOARD), (iii) one-legged hopping over a foam obstacle with 
increasing height in consecutive steps of 5 cm (KTKHOP), and (iv) two-
legged jumping from side to side during 15 s (KTKJUMP).

Based on the performance of a German standardization sample, the 
KTK manual provides tables containing normative data. Hence, the raw 
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performance score of each subtest can be converted into a standardized 
score adjusted for age (all four subtests) and gender (KTKHOP and 
KTKJUMP). Adding together all standardized scores results in an overall 
motor quotient (MQ), that can be converted into a percentile score. 
Not only does this allow the comparison of a child’s performance with 
regard to that of peers in the reference population, the KTK manual 
also provides a classification into five different levels of gross motor 
co-ordination: (i) “high” (≥ 99th percentile), (ii) “good” (85th–98th 
percentile), (iii) “normal” (16th–84th percentile), (iv) “moderate motor 
impairment” (3rd–15th percentile), and (v) “severe motor impairment” 
(< 3rd percentile). Accordingly, a child with an overall KTK perform-
ance equal or below the 15th percentile faces gross motor co-ordination 
problems and is actually in need of special attention (35,36).

Statistical analysis
Data were analyzed using the statistical package SPSS 16.0 for Windows 
(SPSS, Chicago, IL). Descriptive statistics (mean ± s.d.) were calculated 
for anthropometric measurements and KTK outcome, including the 
raw performance score on each subtest as well as the overall KTK MQ. 
Anthropometric characteristics were analyzed in a 2 (Time: baseline 
vs. after 4 months) × 2 (BMI group: HW vs. OW/OB) ANOVA with 
repeated measures on the first factor in order to determine BMI group 
differences and to verify the effectiveness of the residential treatment 
program. To examine the change in gross motor co-ordination perform-
ance over time and to investigate the effects of BMI group, age, and gen-
der, all KTK variables were implemented in a 2 (Time: baseline vs. after 4 
months) × 2 (BMI group: HW vs. OW/OB) × 2 (Age: 7–9 years vs. 10–13 
years) × 2 (Gender: boys vs. girls) ANOVA with repeated measures on 
the first factor. Significant effects were further examined by means of 
independent- or paired-samples t tests. In addition, Pearson χ2 analyses 
were conducted to have a closer look at the proportion of children in 
each BMI group showing motor impairment at baseline and the moment 
of retesting, using the 15th percentile as a cut-off point for overall KTK 
performance. Finally, within the OW/OB group, simple linear regres-
sion analysis was performed to investigate the variance in improvement 
in gross motor co-ordination performance explained from the amount 
of relative weight loss as a result of multidisciplinary residential treat-
ment. Therefore, the absolute value of the difference in overall KTK MQ 
(Δ KTK MQ) was implemented as the dependent variable, whereas the 
amount of weight loss expressed relative to the children’s original weight 
at baseline (%) was used as the independent variable. For all analyses, 
values of P < 0.05 were considered statistically significant.

Results
Anthropometric measurements
Detailed anthropometric characteristics are presented in 
Table  1. There was a significant interaction between Time 
and BMI group for weight (F(1,70) = 496.260, P < 0.001), BMI 

(F(1,70)  =  745.580, P < 0.001), BMI z-score (F(1,70)  =  168.038, 
P < 0.001), percentage body fat (F(1,70) = 278.201, P < 0.001), 
and waist circumference (F(1,70) = 66.468, P < 0.001). Results 
indicated a significant decrease for each of these weight-
related measures in the OW/OB group (t(35) = 8.174 – 28.672, 
P < 0.001) after 4 months of residential treatment. In the HW 
group, weight (t(35) = 7.444, P < 0.001) and BMI (t(35) = 3.173, 
P = 0.003) slightly increased, whereas BMI z-score (t(35) = 1.050, 
P = 0.301), percentage body fat (t(35) = 1.090, P = 0.283), and 
waist circumference (t(35) = 1.315, P = 0.197) remained con-
stant over time.

All children that were classified as HW at baseline main-
tained the same weight status after the set time interval of 4 
months between testing sessions. After a mean weight loss of 
11.7 ± 3.3 kg among participants within the OW/OB group at 
the moment of retesting, four children (i.e., two OW and two 
OB) could now be identified as HW, 21 children could be clas-
sified as OW, and 11 children were still OB (31). (In the inter-
est of clarity, the original BMI-related group names (i.e., HW 
group and OW/OB group) were used throughout the paper 
even though the weight status of some OW/OB participants 
changed over time).

Change in gross motor co-ordination over time
Descriptive statistics of the raw performance scores on each of 
the four subtests as well as the overall KTK MQ are presented 
in Table 2. As no significant four- or three-way interactions 
were found, Table 3 only shows the F-values of main and two-
way interaction effects resulting from the repeated measures 
ANOVA analysis. Only the statistical outcomes most pertinent 
to our main research question are discussed below.

Each of the KTK variables was featured by a significant main 
effect of Time, indicating that all participants’ gross motor 
co-ordination performance had improved from baseline to 
re-test. More importantly, significant interactions between 
Time and BMI group (except for KTKBOARD) demonstrated that 
the increase in KTK scores over time was larger for the OW/OB 
participants, who participated in multidisciplinary residential 
treatment during the 4-month period between testing sessions 
(see Figure 1 for overall KTK MQ). There was also a signifi-
cant main effect of BMI group for each of the four subtests as 

Table 1 D escriptive statistics (mean ± s.d.) for the HW and the OW/OB group

Anthropometric 
characteristics

Baseline After 4 months

HW (N = 36) OW/OB (N = 36) HW (N = 36) OW/OB (N = 36)

Age (years) 10.5 ± 1.4 10.5 ± 1.4 10.9 ± 1.4 10.9 ± 1.4

Height (cm) 142.6 ± 9.7a 149.0 ± 9.6b 144.9 ± 9.7c 150.8 ± 9.8d

Weight (kg) 35.0 ± 6.7a 65.0 ± 13.4b 36.9 ± 7.4c 53.3 ± 10.8d

BMI (kg/m²) 17.08 ± 1.72a 29.08 ± 3.60b 17.38 ± 1.82c 23.29 ± 2.86d

BMI z-score −0.05 ± 0.68a 2.41 ± 0.34b −0.01 ± 0.68a 1.63 ± 0.48c

Body fat (%) 16.98 ± 4.39a 38.24 ± 7.72b 16.68 ± 4.63a 27.50 ± 7.19c

Waist circumference (cm) 60.0 ± 4.9a 89.3 ± 13.9b 60.7 ± 5.5a 75.4 ± 8.5c

HW, healthy-weight group; OW/OB, overweight/obese group.
a,b,c,dMeans with different letters are significantly different from each other (resulting from independent- or paired-samples t tests).
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well as overall KTK MQ. Regardless of the test moment, poorer 
gross motor co-ordination performance was observed among 
participants in the OW/OB group compared to peers in the 
HW group.

Using the 15th percentile as a cut-off point, the proportion 
of children who showed moderate to severe motor impairment 
at baseline was 16.7% in the HW group and 94.4% in the OW/
OB group (χ2 = 44.100, P < 0.001). At the moment of retesting, 

only one child within the HW group and five children within 
the OW/OB group made the transition from impaired to nor-
mal or high levels of gross motor co-ordination. Nevertheless, 
ratios were still significantly different between BMI groups 
after a (treatment) period of 4 months with 13.9% of the par-
ticipants in the HW group and 80.6% of the participants in 
the OW/OB group facing gross motor co-ordination problems 
(χ2 = 32.099, P < 0.001).

Weight loss (%) and improved gross motor co-ordination 
within the OW/OB group
Simple linear regression analysis was performed to investigate 
the relationship between the amount of relative weight loss (i.e., 
independent variable) and the degree of change in overall KTK 
performance (i.e., dependent variable) from baseline to re-test 
in the participants following the multidisciplinary residen-
tial treatment program. Additional residual analysis revealed 
that model assumptions for linear regression were met. After 
4 months of OB treatment, the OW/OB children had lost on 
average 17.9 ± 3.1% of their original weight at baseline. The 
amount of relative weight loss achieved explained 26.9% of the 
variance in improvement observed in overall KTK perform-
ance (f(Δ KTK MQ) = −17.032 + 1.814 weight loss (%), R2 = 0.269, 
P = 0.001).

Table 2  KTK performance (mean ± s.d.) for participants in the HW and the OW/OB group

Gender
KTK 
variables

7–9 Years (N = 26) 10–13 years (N = 46)

HW OW/OB HW OW/OB

Baseline
After  

4 months Baseline
After  

4 months Baseline
After  

4 months Baseline
After  

4 months

Boys KTKBEAM 35.00 ± 9.27 51.50 ± 4.89 18.33 ± 10.39 31.83 ± 10.72 46.44 ± 10.61 51.00 ± 9.04 21.50 ± 13.74 30.06 ± 12.85

KTKBOARD 39.67 ± 5.96 39.17 ± 6.24 30.00 ± 6.57 32.50 ± 5.09 45.11 ± 7.05 48.56 ± 4.74 34.56 ± 9.51 41.28 ± 85.51

KTKHOP 58.50 ± 11.61 63.83 ± 13.39 18.50 ± 15.15 40.67 ± 15.03 68.56 ± 7.63 71.94 ± 6.82 33.28 ± 12.70 55.50 ± 15.40

KTKJUMP 49.83 ± 8.98 53.50 ± 5.86 34.83 ± 12.64 45.17 ± 16.18 68.39 ± 12.25 71.89 ± 8.77 42.50 ± 13.25 56.50 ± 10.85

Overall  
KTK MQ

99.17 ± 15.24 102.50 ± 12.11 61.17 ± 13.59 81.00 ± 15.34 98.50 ± 15.80 104.33 ± 13.12 57.50 ± 19.14 73.89 ± 19.81

Girls KTKBEAM 47.43 ± 13.18 54.71 ± 11.01 14.86 ± 9.55 23.14 ± 14.17 55.20 ± 6.30 53.40 ± 6.19 19.80 ± 5.81 34.80 ± 12.01

KTKBOARD 46.29 ± 7.91 50.57 ± 7.30 27.43 ± 8.18 34.43 ± 6.24 50.80 ± 7.23 56.60 ± 4.04 36.40 ± 4.28 40.80 ± 3.42

KTKHOP 59.29 ± 14.00 62.71 ± 11.60 15.43 ± 9.00 30.57 ± 13.30 69.80 ± 2.95 71.20 ± 7.09 30.40 ± 8.08 46.40 ± 12.68

KTKJUMP 71.00 ± 15.93 70.43 ± 12.83 33.29 ± 9.64 43.14 ± 13.08 74.40 ± 4.72 78.00 ± 5.34 37.40 ± 10.07 50.80 ± 18.85

Overall  
KTK MQ

113.29 ± 21.63 113.14 ± 23.13 55.15 ± 15.66 68.57 ± 15.95 108.40 ± 6.35 112.60 ± 6.35 56.60 ± 11.87 66.00 ± 16.85

HW, healthy-weight group; KTK, Körperkoordinationstest für Kinder; MQ, motor quotient; OW/OB, overweight/obese group.

Table 3  Main and two-way interaction effects for KTK performance according to time, BMI, age, and gender

KTK variables FTIME FBMI FAGE FGENDER FTIME × BMI FTIME × AGE FTIME × GENDER FBMI × AGE FBMI × GENDER FAGE × GENDER

KTKBEAM 39.42*** 80.33*** 4.57* 1.70 8.54** 0.88 0.19 0.20 4.67* 0.01

KTKBOARD 20.13*** 57.75*** 17.09*** 6.17* 1.02 0.89 1.54 0.06 5.63* 0.03

KTKHOP 176.97*** 116.62*** 17.06*** 1.12 85.67*** 0.21 6.55* 0.97 1.15 0.01

KTKJUMP 43.39*** 68.75*** 11.33** 2.53 18.17*** 1.63 0.35 0.54 7.64** 2.02

Overall KTK MQ 44.93*** 98.15*** 0.23 0.22 18.06*** 0.01 2.95 0.05 4.38* 0.01

KTK, Körperkoordinationstest für Kinder; MQ, motor quotient.  ***P < 0.001; **P < 0.01; *P < 0.05.
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Figure 1  Overall motor quotient (MQ) on the Körperkoordinationstest 
für Kinder (KTK) at baseline (black blocks) and after a (treatment) period 
of 4 months (gray blocks) for the healthy-weight (HW) group and the 
overweight/obese (OW/OB) group. Vertical bars represent standard 
deviations. Significant differences are indicated by asterisks.
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Discussion
The present preliminary study evaluated the short-term outcomes 
of an existing multidisciplinary residential treatment program for 
OW/OB children in terms of body weight, other weight-related 
measures, and gross motor skill co-ordination. Results demon-
strate that the specific program provided by the Zeepreventorium 
VZW (De Haan, Belgium) is efficacious in realizing considerable 
weight loss as well as generating a significant progress in gross 
motor co-ordination performance after 4 months of residen-
tial treatment. In addition, verification of a linear relationship 
between both changes suggests that the degree of improvement 
in OW/OB children’s gross motor co-ordination can be partly 
explained by the amount of relative weight loss achieved.

In first instance, this study adds to the evidence from previ-
ous reports regarding the effectiveness of multidisciplinary resi-
dential treatment in the specific setting of the Zeepreventorium 
VZW in substantially decreasing levels of OW and body fat 
(27,28,38). After an initial treatment period of 4 months, we 
found a significant reduction in all weight-related measures 
(i.e., body weight, BMI (z-score), percentage body fat, and 
waist circumference) for participants in the OW/OB group. 
The program, which consisted of moderate dietary restriction, 
psychological support, and regular physical activity, resulted 
in a mean absolute weight loss of 11.7 kg, corresponding to 
17.9%, of these children’s original weight at baseline. Previous 
studies have shown that the particular OB treatment program 
provided by the Zeepreventorium VZW is also successful in 
enhancing psychosocial well-being (27), improving aerobic 
fitness (28), and treating sleep-disordered breathing through 
weight loss (38). Hence, our study provides additional infor-
mation since it was not yet investigated whether and to what 
extent this kind of multidisciplinary residential treatment and 
the amount of weight loss achieved may have a beneficial effect 
on OW/OB children’s gross motor skill co-ordination.

Using the KTK as an assessment tool, it was demonstrated 
that all participants’ gross motor co-ordination performance 
significantly progressed within the timeframe of 4 months. 
This gradual improvement in gross motor skill co-ordination 
is not surprising as it appears to be a general phenomenon 
across developmental time (39). More importantly, a closer 
inspection of our data revealed a significantly greater increase 
in KTK outcome scores from baseline to re-test for the OW/
OB group of children as compared to their peers included 
in the HW group. In other words, the improvement in gross 
motor co-ordination performance among the OW/OB partici-
pants exceeded the progress that can be expected with refer-
ence to normal motor development. This is a key finding in 
view of previous cross-sectional research indicating a widen-
ing gap between the KTK performances of HW and OW/OB 
children, with a more pronounced detrimental effect of child-
hood OW and OB with increasing age if no action is taken 
(23). Accordingly, our results are a first indication that the 
likely further deterioration of OW/OB children’s gross motor 
co-ordination over developmental time can be stopped and 
even compensated for by means of an overall multidisciplinary 
residential treatment.

Although participants in the OW/OB group were able to 
partially catch up their gross motor co-ordination deficit com-
pared to HW peers, they still showed significantly poorer KTK 
performances after 4 months of treatment, regardless of the 
subtest under study. Looking at the proportion of children that 
could be classified as being motor impaired based on the set 
standards, 94.4% of the OW/OB participants had an overall 
KTK performance equal or below the 15th percentile at the 
start of the program. After 4 months of residential treatment, 
this proportion was only reduced to 80.6%. The fact that the 
majority of children within the OW/OB group did not achieve 
normalization of their body weight at the moment of retest-
ing may have contributed to this finding. Regardless of the 
test occasion (i.e., at baseline or after 4 months), the observed 
percentages exceed the previously reported 70.8% of OW/OB 
children facing gross motor co-ordination problems in a study 
investigating the relationship between weight status and motor 
impairment using the same KTK standards in a school based 
setting (23). However, it should be noted that in the present 
study the prevalence of gross motor impairment was estimated 
in a clinical setting of OW/OB participants. As hypothesized 
and previously suggested, the degree of excess weight and/or 
corpulence appears to be a crucial factor adversely affecting 
motor competence in children when performing the tasks that 
are part of motor skill assessment batteries (22).

Therefore, it seemed appropriate to verify whether the amount 
of relative weight loss achieved by following the multidiscipli-
nary residential treatment program at the Zeepreventorium 
VZW had an impact on the degree of improvement in gross 
motor co-ordination within the group of OW/OB children. 
Results of the corresponding simple linear regression analy-
sis pointed out that 26.9% of the variance in improvement in 
overall KTK performance may be explained by the percent-
age of weight loss achieved after 4 months of residential treat-
ment. Based on the regression equation, each lost percentage 
of OW/OB participants’ original weight at baseline predicted 
an improvement of approximately two points in their overall 
KTK MQ. Furthermore, it can be assumed that the greatest 
improvement in gross motor co-ordination performance does 
indeed occur in the OW/OB children with the largest relative 
weight reduction. To our knowledge, this is the first study to 
show a beneficial effect of multidisciplinary OB treatment on 
OW/OB children’s gross motor co-ordination, also describ-
ing the extent to which the amount of concomitant weight 
loss (%) achieved by the participants may explain part of their 
significant progress in performance. The observed positive 
relationship between the degree of weight reduction and the 
improvement in overall KTK MQ indicates that weight loss 
represents an important factor in promoting OW/OB chil-
dren’s motor skill competence.

A number of limitations need to be considered when 
interpreting the findings of the present preliminary study. 
Participants included in the OW/OB group were involved in 
a specific multidisciplinary residential treatment program, 
with gradually increasing physical activity as one of the key 
components in support of achieving a healthy weight. In view 



2004� VOLUME 19 NUMBER 10 | OCTOBER 2011 | www.obesityjournal.org

articles
Intervention and Prevention

of previous research establishing a reciprocal positive rela-
tionship between physical activity and motor competence 
(14,15,17,18,20), it should be noted that the increased involve-
ment in various physical activities during the course of treat-
ment provided the OW/OB children with great opportunities 
for the development of their (gross) motor skill co-ordination. 
Therefore, the amount of physical activity included in the pro-
gram may have interacted with the outcome measure (relative) 
weight loss in explaining (part of) the improvement in overall 
KTK performance within the OW/OB group. Unfortunately, 
the actual level of participants’ physical activity participation 
was not effectively measured. This lack of objective quantita-
tive data prevented to control for this likely confounder in our 
statistical analyses. Future research is thus necessary to fur-
ther explore the separate and/or combined effect of the factors 
potentially contributing to the reported progress in motor skill 
competence among children treated for OB. The absence of an 
additional control group of free-living children also matched 
for weight status (OW/OB) represents another shortcoming of 
this study. More than likely, the inclusion of a no treatment 
group of OW/OB children would have added to its demon-
strative power in attributing the considerable increase in gross 
motor co-ordination performance to participation in multi-
disciplinary residential treatment (and concomitant weight 
loss) in contrast to growth induced motor development. 
Furthermore, the previous assumption of a widening disparity 
between the gross motor co-ordination performance of HW 
and OW/OB children not being involved in treatment could 
have been confirmed because of the longitudinal nature of the 
present study (23). In this respect, there would be a considera-
ble surplus value in the evaluation of the longer-term effective-
ness of the examined multidisciplinary OB treatment program 
in terms of decreasing body weight and improving gross motor 
skill co-ordination. Further follow-up studies will need to ver-
ify the occurrence and the persistence of the beneficial effects 
established after an initial treatment period of 4 months. In 
addition, the impact of maintained or continued weight loss vs. 
potential weight gain after the full program on children’s level 
of motor competence remains to be investigated. The present 
study only focused on gross motor co-ordination as this aspect 
of motor competence seems to be the most affected by excess 
weight. However, there are recent indications for a possibly 
detrimental effect of childhood OW and OB on object con-
trol and/or fine motor skill performance too (22,24,40). Given 
that both features of motor competence determine a child’s 
well-being, general development, and (later) physical activity 
behavior (6,9,10,12,37), future research in this specific area 
should explore motor functioning in all its aspects. Finally, it 
should be mentioned that our preliminary findings thus far 
only apply to the specific clinical setting of the local rehabili-
tation centre Zeepreventorium VZW (De Haan, Belgium), in 
which our study was conducted.

In conclusion, an existing multidisciplinary residential treat-
ment program for OW/OB children was shown to be successful 
in realizing substantial weight loss and bringing about a remark-
able increase in gross motor co-ordination performance in the 

short-term. The extent of improvement in gross motor co-ordi-
nation reflected in KTK scores was found to be linearly related 
to the amount of relative weight loss achieved by following the 
program for 4 months. Although the impact of other treatment-
related factors that might contribute to the observed progress in 
motor competence was not specifically investigated in the present 
preliminary study, significant weight loss may be considered an 
important means to upgrade the level of gross motor skill in OW/
OB children. Regardless thereof, the finding of improved gross 
motor co-ordination as a result of multidisciplinary residential 
OB treatment is paramount in view of the fact that it may assist in 
promoting sustained participation in physical activities.

Acknowledgments
This study was funded by Ph.D. fellowships of the Research Foundation–
Flanders (FWO) awarded to E.D. and I.G. The authors thank the staff of 
the local school and the treatment centre (Zeepreventorium VZW) for 
supporting this study, and the members of the Flemish Sports Compass 
team for their assistance in collecting the data.

Disclosure
The authors declare no conflicts of interest.

© 2011 The Obesity Society

REFERENCES
1.	 Wang Y, Lobstein T. Worldwide trends in childhood overweight and obesity. 

Int J Pediatr Obes 2006;1:11–25.
2.	 Daniels SR. The consequences of childhood overweight and obesity. Future 

Child 2006;16:47–67.
3.	 Malecka-Tendera E, Mazur A. Childhood obesity: a pandemic of the twenty-

first century. Int J Obes (Lond) 2006;30 Suppl 2:S1–S3.
4.	 Okely AD, Booth ML, Chey T. Relationships between body composition and 

fundamental movement skills among children and adolescents. Res Q Exerc 
Sport 2004;75:238–247.

5.	 Hills AP, Hennig EM, Byrne NM, Steele JR. The biomechanics of 
adiposity–structural and functional limitations of obesity and implications for 
movement. Obes Rev 2002;3:35–43.

6.	 Morgan PJ, Okely AD, Cliff DP, Jones RA, Baur LA. Correlates of objectively 
measured physical activity in obese children. Obesity (Silver Spring) 
2008;16:2634–2641.

7.	 Lubans DR, Morgan PJ, Cliff DP, Barnett LM, Okely AD. Fundamental 
movement skills in children and adolescents: review of associated health 
benefits. Sports Med 2010;40:1019–1035.

8.	 Cliff DP, Okely AD, Morgan PJ et al. Movement skills and physical activity 
in obese children: randomized controlled trial. Med Sci Sports Exerc 
2011;43:90–100.

9.	 Henderson SE, Sugden DA. The Movement Assesment Battery for Children: 
Manual. The Psychological Corporation: London, UK, 1992.

10.	 Piek JP, Baynam GB, Barrett NC. The relationship between fine and gross 
motor ability, self-perceptions and self-worth in children and adolescents. 
Hum Mov Sci 2006;25:65–75.

11.	 Castelli DM, Valley JA. The relationship of physical fitness and motor 
competence to physical activity. J Teach Phys Educ 2007;26:358–374.

12.	 Barnett LM, van Beurden E, Morgan PJ, Brooks LO, Beard JR. Childhood 
motor skill proficiency as a predictor of adolescent physical activity. 
J Adolesc Health 2009;44:252–259.

13.	 Lopes VP, Rodrigues LP, Maia JA, Malina RM. Motor coordination as 
predictor of physical activity in childhood. Scand J Med Sci Sports 2010; 
e-pub ahead of print 11 March 2010.

14.	 Wrotniak BH, Epstein LH, Dorn JM, Jones KE, Kondilis VA. The relationship 
between motor proficiency and physical activity in children. Pediatrics 
2006;118:e1758–e1765.

15.	 Bouffard M, Watkinson EF, Thompson LP, Causgrove Dunn JL, Romanow 
SKE. A test of the activity deficit hypothesis with children with movement 
difficulties. Adapted Phys Act Q 1996;13:61–73.

16.	 Cairney J, Hay JA, Faught BE, Hawes R. Developmental coordination 
disorder and overweight and obesity in children aged 9-14 y. Int J Obes 
(Lond) 2005;29:369–372.



obesity | VOLUME 19 NUMBER 10 | OCTOBER 2011� 2005

articles
Intervention and Prevention

17.	 Stodden DF, Goodway JD, Langendorfer SJ et al. A developmental 
perspective on the role of motor skill competence in physical activity: 
an emergent relationship. Quest 2008;34:329–334.

18.	 Marshall JD, Bouffard M. Obesity and movement competency in children. 
Adapted Phys Act Q 1994;11:297–305.

19.	 Southall JE, Okely A, Steele JR. Actual and perceived physical competence 
in overweight and nonoverweight children. Pediatr Exerc Sci 2004;16:15–24.

20.	 Graf C, Koch B, Kretschmann-Kandel E et al. Correlation between BMI, 
leisure habits and motor abilities in childhood (CHILT-project). Int J Obes 
Relat Metab Disord 2004;28:22–26.

21.	 Graf C, Jouck S, Koch B et al. Motorische Defizite–wie schwer wegen 
sie? Übergewicht und Adipositas im Kindes- und Jugendalter [Motor 
deficits – how important are they? Overweight and obesity in childhood and 
adolescence]. Monatsschr Kinderheilkd 2007;155:631–637.

22.	 D Hondt E, Deforche B, De Bourdeaudhuij I, Lenoir M. Relationship 
between motor skill and in 5- to 10-year-old children. Adapt Phys Activ Q 
2009;26:21–37.

23.	 D’Hondt E, Deforche B, Vaeyens R et al. Gross motor coordination in 
relation to weight status and age in 5- to 12-year-old boys and girls: A cross-
sectional study. Int J Pediatr Obes 2010; e-pub ahead of print 25 Oct 2010.

24.	 Kastner J, Petermann F, Petermann U. Motorische Leistungsfähigkeit 
adipöser Kinder und Jugendlicher [Motor skills in obese children and 
adolescents]. Monatsschr Kinderheilkd 2010;158:449–454.

25.	 Sartorio A, Lafortuna CL, Conte G, Faglia G, Narici MV. Changes in motor 
control and muscle performance after a short-term body mass reduction 
program in obese subjects. J Endocrinol Invest 2001;24:393–398.

26.	 Maffiuletti NA, De Col A, Agosti F et al. Effect of a 3-week body mass 
reduction program on body composition, muscle function and motor 
performance in pubertal obese boys and girls. J Endocrinol Invest 
2004;27:813–820.

27.	 Braet C, Tanghe A, Decaluwé V, Moens E, Rosseel Y. Inpatient treatment 
for children with obesity: weight loss, psychological well-being, and eating 
behavior. J Pediatr Psychol 2004;29:519–529.

28.	 Deforche B, De Bourdeaudhuij I, Debode P et al. Changes in fat mass, fat-
free mass and aerobic fitness in severely obese children and adolescents 
following a residential treatment programme. Eur J Pediatr 2003;162: 
616–622.

29.	 Knöpfli BH, Radtke T, Lehmann M et al. Effects of a multidisciplinary 
inpatient intervention on body composition, aerobic fitness, and quality of life 
in severely obese girls and boys. J Adolesc Health 2008;42:119–127.

30.	 Cliff DP, Okely AD, Morgan PJ, Jones RA, Steele JR. The impact of child and 
adolescent obesity treatment interventions on physical activity: a systematic 
review. Obes Rev 2010;11:516–530.

31.	 Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition 
for child overweight and obesity worldwide: international survey. BMJ 
2000;320:1240–1243.

32.	 Tyrrell VJ, Richards G, Hofman P et al. Foot-to-foot bioelectrical impedance 
analysis: a valuable tool for the measurement of body composition in 
children. Int J Obes Relat Metab Disord 2001;25:273–278.

33.	 Goldfield GS, Cloutier P, Mallory R et al. Validity of foot-to-foot bioelectrical 
impedance analysis in overweight and obese children and parents. J Sports 
Med Phys Fitness 2006;46:447–453.

34.	 Rudolf MC, Walker J, Cole TJ. What is the best way to measure waist 
circumference? Int J Pediatr Obes 2007;2:58–61.

35.	 Kiphard EJ, Schilling F. Körperkoordinationstest für Kinder. Beltz Test GmbH: 
Weinheim, Germany, 1974.

36.	 Kiphard EJ, Schilling F. Körperkoordinationstest für Kinder. Überarbeitete 
und ergänzte Auflage. Beltz Test GmbH: Göttingen, Germany, 2007.

37.	 Smits-Engelsman BCM, Henderson SE, Michels CGJ. The assessment of 
children with developmental coordination disorders in the Netherlands: the 
relationship between the Movement Assessment Battery for Children and 
the Körperkoordinationstest für Kinder. Hum Mov Sci 1998;17:699–709.

38.	 Verhulst SL, Franckx H, Van Gaal L, De Backer W, Desager K. The effect 
of weight loss on sleep-disordered breathing in obese teenagers. Obesity 
(Silver Spring) 2009;17:1178–1183.

39.	 Ahnert J, Schneider W, Bös K. Developmental changes and individual 
stability of motor abilities from the preschool period to young adulthood. 
In: Schneider W, Bullock M (eds). Human Development From Early 
Childhood to Early Adulthood: Evidence from the Munich Longitudinal Study 
on the Genesis of Individual Competencies (LOGIC). Erlbaum: Mahwah, 
New Jersey, 2009.

40.	 D’Hondt E, Deforche B, De Bourdeaudhuij I, Lenoir M. Childhood obesity 
affects fine motor skill performance under different postural constraints. 
Neurosci Lett 2008;440:72–75.


