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bstract

This study aimed to compare neuromotor fitness test scores of 9–12-year-old Dutch youth in 2006 with scores of same aged children in
980. Body height, body weight and performance on neuromotor fitness test items were measured in 2050 Dutch children from 9 to 12 years
n 2006 and were compared with data of 2603 same aged Dutch children measured in 1980 with the same neuromotor fitness test battery.
utch 9–12 year olds in 2006 were significantly taller and heavier than their peers in 1980. Age- and sex-specific performance on almost all

euromotor fitness test items was significantly worse in 2006. Thus, our data suggest that neuromotor fitness of Dutch youth has significantly
ecreased over the past 26 years.

2009 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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. Introduction

Low physical fitness in children has been associated
ith impaired health indicators such as increased body

atness,1–3 several cardiovascular disease risk factors4–6 and
ypertension.1,6 Therefore it is important to promote high
evels of fitness in modern youth. Only a few studies have
een published on changes in pediatric physical fitness.7

hysical fitness can be divided into neuromotor fitness (i.e.
uscle strength, flexibility, speed of movement, and coor-

ination) and aerobic fitness. Some studies have reported
hat children are not currently as physically fit as their
eers in the previous decades,8–10 while others report no
ifferences.7,11,12 Most of these studies focus on secular
Please cite this article in press as: Runhaar J, et al. Motor fitness in Du
Med Sport (2009), doi:10.1016/j.jsams.2009.04.006

hanges in aerobic fitness rather than neuromotor fitness. As
he majority of physical activities of children involve high-
ntensity bursts such as jumping and sprinting, a decrease in
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euromotor fitness could negatively affect children in their
aily physical activity levels and in the long term their health
tatus.13,14

In addition, because motor skill proficiency tracks through
hildhood15 it is plausible that children with poorer motor
kills may become less active adolescents with associated
oorer fitness levels. Children who are proficient at per-
orming motor skills may participate more in the type of
ctivities likely to increase fitness levels. Physical activ-
ty opportunities of adolescents may thus be increased if
hey are competent at performing many prerequisite motor
kills.16 Therefore, neuromotor fitness may be just as impor-
ant as aerobic fitness in maintaining overall health and
unction.17

The few studies on secular changes of children’s neuro-
otor fitness have shown little change in recent decades. In
systematic review, Tomkinson13 recently analysed secu-

ar trends of performances of children (6–12 years) on power
nd speed tests worldwide over the period 1958–2003. Power
tch youth: Differences over a 26-year period (1980–2006). J Sci

jumping tests) and speed test performances (sprint running
nd agility running tests) remained relatively stable during the
hole period, but a trend towards decline was found since the
980s (−0.08% to −0.25% per annum). Compared to secu-
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Table 1
Brief description of all MOPER fitness test items. In parentheses is the factor or ability indicated.

MOPER test item Description Score

1. Bent-arm hang (upper body strength) Maximal time that eyes were kept above a
horizontal bar hanging in a bent arm position

s

2. 10 × 5 m run (speed and agility) Minimal time needed on a 10 times 5 m run s
3. Leg lift test (trunk/leg strength) Lifting both legs 10 times as quickly as possible

from the horizontal to the vertical with extended
knees while lying

s

4. Plate tapping (eye–hand coordination and arm speed) Alternatively tapping with the hand of preference as
fast as possible for 25 complete cycles between two
discs, of which the centers lay 75 cm

s

5. Sit and reach (trunk flexibility) Maximal reach while sitting with extended knees cm
6. Arm pull (static arm strength) Maximal force pulled with preferred arm on a

dynamometer while standing
kg
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. Standing high jump (explosive leg strength)

. 6 min run (aerobic fitness)

ar changes in children’s aerobic fitness, reported neuromotor
hanges are substantially smaller.10,18,19

Since the study of Tomkinson13 did not include data from
he Netherlands, it is unknown whether secular trends in neu-
omotor fitness levels of Dutch youth are comparable to these
ocumented secular changes. The present paper describes
ge- and sex-specific neuromotor fitness of 2050 present
utch children aged 9–12, using the Motor performance

MOPER) fitness test. Since Leyten20 measured MOPER fit-
ess test performance in 2603 Dutch children in 1980, data on
hanges in neuromotor fitness in Dutch youth over a 26-year
eriod will be given.

. Methods

In order to compare the MOPER fitness test scores of
utch children in 2006 with the MOPER fitness test scores
f children in 1980 permission was given to access and anal-
se the Leyten data.20 The study of Leyten20 concerned a
andom sample of 2603 9–12-year-old Dutch children from
2 primary schools throughout the Netherlands. A stratified
ample of regular primary schools was selected for partici-
ation, taking into account the national level of urbanisation
nd social status.

Our study population enrolled in 2006 included 2050 chil-
ren who volunteered to participate in the iPlay-study.21 In
anuary 2006, 520 Dutch primary schools were randomly
nvited to participate in the study. Inclusion criteria for the
chools were (I) being a regular primary school; (II) giv-
ng PE classes twice a week; and (III) willing to appoint a
ontact person for the duration of the study. The study popu-
ation – children from 40 different primary schools in urban
nd suburban areas throughout the Netherlands – was a good
epresentation of the Dutch population. The iPlay-study is
Please cite this article in press as: Runhaar J, et al. Motor fitness in Du
Med Sport (2009), doi:10.1016/j.jsams.2009.04.006

randomised controlled trial on injury prevention in Dutch
rimary school children, aged 9–12 years. Prior to the study,
ll parents of the children received an information letter by
he research institute including a passive informed consent

p
y
w
i

Maximal standing vertical jump height cm
Run a maximum distance during 6 min m

n the participation of their child(ren). The Medical Ethics
ommittee of VU University Medical Centre approved the

tudy design, protocols and the passive informed consent pro-
edure. In this study, all injured children or children with a
hysical disability were excluded.

In 1980, children performed all MOPER fitness test items.
he MOPER fitness test includes the bent-arm hang test,
0 × 5 m shuttle run test, leg lift test, plate tapping test, sit
nd reach test, arm pull test and standing high jump test, and
min run test. In Table 1 the outline of the MOPER fitness

est items are described. For a more extensive description of
he MOPER fitness test items see Kemper and Verschuur.22

In 2006, children performed seven of the eight MOPER
tness test items. Because the iPlay-study did not focus on

mprovement of endurance, the ‘6 min run test’ (aerobic fit-
ess) was not included in 2006. Validity and reliability of
he MOPER fitness test have been shown to be acceptable in
hildren aged 9–18 years.20,23

Trained instructors conducted all tests during a physical
ducation class according to a standardised protocol that was
he same in 1980 and 2006. Tests were performed barefoot
o rule out bias by differences in footwear. Children were
ocally encouraged to perform all test elements as good as
ossible.

Body height was measured in meters (m), to the near-
st 0.01 m, with a portable stadiometer (Seca 214, Leicester
eight Measure; Seca GmbH & Co., Hamburg, Germany)

ccording to a standardised protocol. Body weight was mea-
ured in kilogram (kg), to the nearest 0.1 kg, with a digital
cale (Seca 770; Seca GmbH & Co., Hamburg, Germany).
uring the body height and weight measurements children
ere dressed in underwear. From body height and body
eight body mass index (BMI) was calculated to estimate
verweight and obesity.

Data analysis was completed using application software
tch youth: Differences over a 26-year period (1980–2006). J Sci

ackage SPSS 14.0. All data were stratified for age (9–12
ear olds) and gender. Differences between 1980 and 2006
ere assessed using t-test or Kruskal–Wallis test, depend-

ng on normal distribution. Level of significance was set at

dx.doi.org/10.1016/j.jsams.2009.04.006
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< 0.05. Prevalence of overweight and obesity was calcu-
ated for the study population in 2006 using BMI and the
ole-criteria.24,25

. Results

All data were normally distributed, except for the scores
n ‘bent-arm hang’ and ‘leg lift test’ (all age groups and
oth genders). As in 1980, only performance on ‘arm pull’
as correlated with body weight (r = 0.55) in 2006. There-

ore, arm pull adjusted for weight (‘arm pull adjusted’ = (‘arm
ull’/weight) × 100) was used in the analysis.

In 2006, 61% of the children attended a primary school
ocated in an urban area and 39% in a rural area. Both genders
ere equally represented per age category in the two groups.
o differences were found per age category and gender
etween children living in urban and rural areas.

Mean body height, body weight and BMI stratified for age
nd gender are shown in Table 2. Compared to 1980, chil-
ren were significantly taller and heavier in 2006 (except for
eight of 9-year-old boys and 12-year-old girls). Prevalence
f overweight and obesity in 2006 was 13% and 3% for boys
nd 15% and 3% for girls, respectively. Because only mean
ody height and body weight per age category were avail-
ble from the study of Leyten,20 no individual BMI could be
alculated. The estimated BMI’s from the means showed a
igher BMI in 2006 than in 1980 in all categories.

Results on the MOPER fitness test items from 1980 and
006 are presented in Table 3 and Fig. 1. On all MOPER
ests items for all categories (age × gender) performance was
ignificantly worse in 2006 than in 1980, except for ‘arm pull
djusted’ (girls) and ‘standing high jump’ (boys and girls).
ince individual scores on ‘bent-arm hang’ and ‘leg lift test’
or 12 year olds in 1980 were not available we could not
tatistically test differences between 1980 and 2006 for this
ge category. Median scores on ‘bent-arm hang’ and ‘leg lift
est’ are presented in Table 4 and show a decrease on ‘bent-
rm hang’ and an increase in ‘leg lift test’ in all categories.

. Discussion

The aim of this study was to compare the neuromo-
or performance on MOPER fitness test of Dutch children
ged 9–12 with same aged children over a 26-year period
1980–2006). Because the MOPER fitness test includes
ore items of neuromotor fitness than just power and speed

ests, this study gives a rather complete insight into the
hanges in neuromotor fitness in present youth. Compared to
980, neuromotor performance on MOPER fitness test items
n 2006 was significantly worse on almost all test items for
tch youth: Differences over a 26-year period (1980–2006). J Sci

oys and girls of all ages. This finding is of importance
ecause children with poorer motor skills may become less
ctive adolescents with associated poorer fitness levels.16

hildren who are proficient at performing motor skills may

dx.doi.org/10.1016/j.jsams.2009.04.006
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articipate more in the type of activities likely to increase
tness levels.

Scores on MOPER fitness test items in 2006 are within
he range of test items scores found in other studies.4,8,11 The
revalence of overweight and obesity among the study pop-
lation in 2006 are comparable to the results from a national
tudy on the prevalence of overweight and obesity among a
epresentative selection of Dutch youth during 2002–2004.26

Besides differences in performance on MOPER fitness
est items between 1980 and 2006, the present study also
ndicates that today’s youth are significantly taller and heav-
er. Because individual data of body height and body weight
ere not available from the study of Leyten,20 no statistical

omparison of individual BMI between study populations in
980 and 2006 could be made, however the estimated mean
alues suggest the same trend.

International studies suggest a negative association
etween BMI and performance on neuromotor fitness
ests.1,8,13 This corresponds with our findings. For boys and
irls in the 2006 data, higher BMI was correlated with lower
erformance on ‘bent-arm hang’, 10 × 5 m run’, ‘leg lift test’,
vertical high jump’ and ‘arm pull adjusted’ (r = 0.19–0.45).
here was no association between BMI and performance on

plate tapping’ and ‘sit and reach’ (r = 0.00–0.03).
An increase in BMI may both reflect an increase in fat

ass as well as in fat-free mass.13,27 An increase in fat mass
as a negative effect on fitness measures that require mov-
ng, lifting and supporting of the body against gravity.13,14,28

owever, an increase in fat-free mass should enhance per-
ormance on power and strength measures.13,14 When all
verweight and obese children in the present study were
xcluded from the analysis, almost all differences in perfor-
ance on MOPER fitness test items between 1980 and 2006

emained significant. This finding suggests that increased
MI cannot fully explain the inferior performance in 2006.

Tomkinson13 reported a downward trend in neuromo-
or fitness of children worldwide since the 1980s. Changes
n neuromotor fitness were calculated using performance
n power and speed tests. On speed test performance,
omkinson13 reported a decline of 0.08–0.09% per annum
or children in the 1980s and 1990s. Results from the present
tudy (mean decline of 0.13% per annum on ‘10 × 5 m run’)
howed that changes in speed tests performance in Dutch
outh are greater than those documented by Tomkinson.13

possible explanation for this difference might be that
omkinson13 combined performance on sprint running tests
nd agility sprint running tests to calculate speed perfor-
ance. Sprint running tests only administer speed, while

gility sprint running tests administer both speed and agility.
f performance on both speed and agility has decreased
hrough the years, decrease of performance on agility sprint
unning tests (as in ‘10 × 5 m run’ in the present study) will
tch youth: Differences over a 26-year period (1980–2006). J Sci

e greater than on sprint running alone.
Tomkinson’s13 calculated performance on power tests,

ncluded performance on vertical high jump tests. Contrary
o his results from – i.e. a decline of 0.01–.029% per annum

dx.doi.org/10.1016/j.jsams.2009.04.006
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Fig. 1. Mean differences in performance on MOPER fitness test items of 9–12-year-old Dutch boys and girls between 1980 and 2006 (1980 = 100).

Table 4
Median scores on ‘bent-arm hang’ and ‘leg lift test’ in 9–12-year-old Dutch boys and girls in 1980 and 2006.

9 years 10 years 11 years 12 years#

Boys Girls Boys Girls Boys Girls Boys Girls

1980 2006 1980 2006 1980 2006 1980 2006 1980 2006 1980 2006 1980 2006 1980 2006

B 6
L 5 16

lds wer

–
m
e
o
u
o
y
f
h

a
d
s
s
l
t
e
e

fi
w
d
p
a
i
m
m

s
s
a
m
i
i

5

y
i
f
a
i
b
m
p
s

P

ent-arm hang 15 7 10 7 17 9 9
eg lift test 13.7 16.7 13.4 16.3 13.9 16.4 13.

# Since individual data on ‘bent-arm hang’ and ‘leg lift test’ for 12 year o

differences in ‘standing high jump’ in our study showed a
ean increase in performance of 0.57% per annum. Appar-

ntly, differences in Dutch youth in this test of performance
ver the period 1980–2006 are not comparable with the sec-
lar changes documented by Tomkinson.13 Because our data
nly provide two snapshots of neuromotor fitness in Dutch
outh in 1980 and 2006, research results of neuromotor per-
ormance in Dutch youth from the intermediary years should
ave provided a more complete picture of these changes.

Data of our study in 2006 and data of the study of Leyten20

re representative for the distribution of the Dutch population
uring the measurement period regarding the level of urbani-
ation of the residences of participating schools. However, the
tudy population in 2006 included relatively more children
iving in an urban residence compared to the study popula-
ion of Leyten (60% vs. 48% in 1980). Thus, difference may
xist between the two populations regarding social status and
thnicity.

Representation of children’s performance on the MOPER
tness test was based on gender and age. State of maturation
as not measured and hence not taken into account. The last
ecades the age of menarche has advanced by 3–4 months
er 10 years and the age at which boys’ voice break has
Please cite this article in press as: Runhaar J, et al. Motor fitness in Du
Med Sport (2009), doi:10.1016/j.jsams.2009.04.006

dvanced by 2 months.14 Some studies suggest that the rank-
ng of physical fitness measures by calendar age will lead to

any children being incorrectly classified.29,30 Since more
ature children perform better than less mature ones, this

•

21 9 10 6 – 10.5 – 6
.3 13.7 16.7 13.4 16.5 – 16.3 – 16.3

e not available, median scores could not be calculated.

uggests that children in 2006 should perform better than
ame aged children in 1980, based on state of maturation
lone. In the present results, representation based on state of
aturation would presumably lead to even greater differences

n performance between 1980 and 2006, while the increase
n performance on ‘standing high jump’ would diminish.

. Conclusion

Current results suggest that present 9–12-year-old Dutch
outh are physically not as fit as same aged children were
n 1980. Although BMI increased, this did not account
or most differences in neuromotor fitness between 1980
nd 2006 in 9–12-year-old Dutch youth. As the major-
ty of physical activities of children involve high-intensity
ursts such as jumping and sprinting, this decrease in neuro-
otor fitness may negatively affect children in their daily

hysical activity levels and in the long term their health
tatus.13,14

ractical implications
tch youth: Differences over a 26-year period (1980–2006). J Sci

This observed decrease in neuromotor fitness of present
Dutch youth, may negatively affect their daily physical
activity levels and in the long term their health status.

dx.doi.org/10.1016/j.jsams.2009.04.006
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29. Jones MA, Hitchen PJ, Stratton G. The importance of considering bio-
logical maturity when assessing physical fitness measures in girls and
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To prevent poor fitness levels of present Dutch youth, an
active lifestyle during childhood should be encouraged to
obtain good physical fitness during childhood and adoles-
cence.
To prevent further declines in fitness levels regular screen-
ing and treatment of inadeqaute neuromotor fitness in
youth is recommended.
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