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Physical fitness percentile charts

for children aged 6-10 from Portugal

M. S. RORIZ DE OLIVEIRA !, A. SEABRA 1, D. FREITAS 2, J. C. EISENMANN 3, J. MAIA !

Aim. The present study aims (1) to provide reference percen-
tile charts for the following measures of Physical Fitness (PF):
the sit-and-reach, handgrip, standing long jump, 50 yards’
dash, 4x10m shuttle run and 1-mile run/walk tests in children
aged 6 to 10 years, and (2) to compare the performance of the
Portuguese children with their age- and sex peers.

Methods. A total of 3804 Portuguese children (1985 boys and
1819 girls) aged 6-10 years old participated in this study. The
sample was stratified from 20 public elementary schools and
children were randomly selected in each school. Charts were
separately built for each sex using the LMS method.

Results. Boys showed better results than girls in handgrip,
standing long jump, 50 yards’ dash, 4x10 m shuttle run and
1-mile run/walk, while girls are better performers than boys
in sit-and-reach.

Conclusion. Age- and gender- percentiles for a set of physi-
cal fitness tests for 6-10 year old (primary school) Portuguese
children have been established. Boys showed greater overall
PF than girls, except in the flexibility test, in which girls per-
formed better. The reported normative values provide ample
opportunities to accurately detect individual changes during
childhood. These reference values are especially important in
healthcare and educational settings, and can be added to the
worldwide literature on physical fitness values in children.

KEY wWORDSs: Charts - Physical fitness - Child.

In general terms, physical fitness (PF) is the ability
of an individual to efficiently match the demands
of life’s daily activities.! It is important to note that
PF is not a unitary concept but rather a complex
construct that combines important body functions,
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namely cardiovascular and respiratory, metabolic,
motor and musculoskeletal.?

There is accumulating evidence that children’s PF
levels are health markers of their lifestyles, comor-
bidities, and subsequent chronic diseases.3-> Because
clinical evidence of disease in children is generally
absent, the health consequences of having a poor PF
during childhood are less obvious; however cases of
type 2 diabetes mellitus, hypertension and hyperlip-
idemia are becoming more common in children.6. 7

Growth charts for height and weight are a com-
mon feature of auxology, and now the use of percen-
tile charts has been expanded to include presenting
percentiles for body mass index, waist circumfer-
ence and percent body fat.8-1! In addition, percentile
charts for cardiorespiratory fitness have also been
published.5: 12. 13 One problem is a lack of relevant
norms for other PF components, such as muscular
strength, motor coordination and agility, especially
for children from 6-10 years of age.l416 Further-
more, software advances, like the availability of the
LMS statistical procedure, facilitate more accurate
and easy interpretations of complex models and esti-
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TABLE .—Sample size by age and sex.

Total

447
629
1119
1277
332
3804

AgeT Girls
6 220
7 315
8 259
9 815
10 210
Total 1819

f6 years = 6.00 to 6.99

Boys
227
314
860
462
122
1985

mation techniques.!7 So, there is a need to rigorously
assess and interpret children and youth’s PF.

The present study aims: 1) to provide reference
percentile charts for the following measures of PF:
the sit-and-reach, handgrip, standing long jump,
50 yards’ dash, 4x10 m shuttle run and 1-mile run/
walk tests in children aged 6 to 10 years; and 2) to
compare the performance of the Portuguese children
with their age- and sex peers. This age range was se-
lected because the Portuguese government is legally
responsible for developing complementary activi-
ties and/or intervention projects for specific needs of
each public elementary school, namely arts, foreign
languages and physical education.

Materials and methods

Sample

A total of 3804 Portuguese children (1985 boys
and 1819 girls) aged 6-10 years old participated in
this study. The sample was stratified from 20 pub-
lic elementary schools and children were randomly
selected in each school. In addition, age and sex of
the child was considered in the sampling. Decimal
age was obtained from each child, and age groups
were based on whole year (i.e., 6.00 and 6.99 years,
etc.). Exclusion criteria were: illnesses and motor or
intellectual disabilities that could impair their per-
formance. Sample size by age and sex is presented
in Table I.

Vol. 54 - No. 6
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The North Educational Council and all school di-
rectors approved the project and written consent was
obtained from parents or legal guardians of all chil-
dren. The ethics committee of the Faculty of Sport,
University of Porto approved the project.

Physical fitness assessment

PF tests were selected from the AAPHERD 18 and
FITNESSGRAM 19 batteries, and included handgrip
strength, standing long jump, 50 yard dash, 4 x 10
m shuttle run (AAHPERD); 1-mile run/walk (FIT-
NESSGRAM). Methods and procedures for testing
were the same in both years. Standardization of test-
ing procedures was done through workshop training
for all researchers and measurement teams.

Sit-and-reach (flexibility) was measured with the
children seated on the floor with legs extended to
front, place back and head against wall and bottom of
feet against box. The children should slide the arms
forward with palms down and one hand on the top
of the other. The distance between fingertips to box
edge is the starting point. Then the children should
reach forward sliding the fingertips as far forward
along the ruler as possible and holding that position
momentarily. Each child is allowed two warm-up at-
tempts and then two trials. The best of the two trials
was retained for analysis.

Handgrip strength (static strength) was meas-
ured in a standing position using a digital hand dy-
namometer (TAKEI - T.K.K. 5401®) with an adjust-
able grip. The children were required to squeeze the
dynamometer as vigorously as possible with either
hand, holding the dynamometer away from the body
with the arm extended. Two trials were recorded, and
the best of the two trials was retained for analysis.

Standing long jump (coordination and explosive
strength of the lower extremities) was measured as
the distance from the take-off line to the heel or other
part of the body that touched the floor nearest the
take-off line. The children stood with feet apart be-
hind the take-off line (feet parallel, approximately at
shoulder width) and were instructed to jump as far
as possible. Two trials were recorded, and the best of
the two trials was retained for analysis.

The 50-yard (45.7 m) dash (running speed) was
measured as the time elapsed in covering the distance
while running at full speed. Children were instructed
to run as fast as possible through the finish line. The
starter used the commands “Are you ready?”” and “Go!”
The starter made a downward sweep of the arm at the
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TABLE Il.—Distribution of Z-scores of the motor tests: sit-and-reach, handgrip, standing long jump, 50 yards dash, 4x10m shuttle run
and 1-mile run/walk, by sex, for the Maia sample compared to expectation assuming normality — area between adjacent centiles (%).

Expected Handgrip

Sit-and-Reach Standing Long Jamp 50 Yards' Dash 4x10m Shuttle Run 1-Mile Run/Walk
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Centil (%) Girls Boys Gitls Boys Girls Boys Guls Boys Girls Boys Girls Boys
3 3 28 31 29 2.7 32 33 3.1 3.7 2.1 35 26 29
10 7 76 10 8.5 8.1 8.5 13 76 52 90 59 80 6.9
25 15 147 141 142 150 149 139 136 152 151 16.2 16.5 174
50 25 237 256 232 237 23.17 255 267 290 230 233 230 248
75 25 268 256 258 238 228 237 238 221 243 251 226 221
90 15 135 141 158 166 15.1 174 137 144 152 159 16.9 140
97 7 76 638 7.1 6.7 9.5 517 82 69 90 6.2 1.5 9.2
100 3 33 36 25 33 23 32 34 35 22 33 30 2.1

“Go” command as a visual signal to the timer who was
standing at the finish line. The elapsed time was meas-
ured to the nearest 0.1 s. Two trials were recorded, and
the best of the two trials was retained for analysis.

Shuttle run 4 x 10 m (agility and speed) required
the child to run as fast as possible between two paral-
lel lines 10 m apart. Two blocks of wood were placed
behind one line, while the other was the starting line.
The children ran from behind the starting line to the
other line, picked up one block, ran back to the start-
ing line, placed the block behind the line, and re-
peated the task in retrieving the second block. The
stop watch was activated at the “Go” command and
stopped when the child passed through the starting
line with the second block. Time was recorded to the
nearest 0.1 s. Two trials were recorded, and the best
of the two trials was retained for analysis.

The 1-mile (1609 m) run/walk (aerobic fitness)
required the child to run or walk the distance in the
shortest time possible. Elapsed time to cover the dis-
tance was recorded in minutes and seconds. Children
run in groups of five.

Data quality control

All data were entered in Excel sheets to control
for missing data and out-of range values. ANOVA-
based intraclass correlation coefficients (R) and its
95% confidence intervals were used to estimate the
test-retest reliability, in a random sample of 50 chil-
dren. The following reliability coefficients were ob-

782 THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS

tained: sit-and-reach, R=0.97, 95% CI: 0.96 to 0.97,;
standing long jump, R=0.84, 95% CI: 0.71 to 0.91;
50 yard dash, R=0.80, 95% CI: 0.64 to 0.89; 4x10m
shuttle run, R=0.84, 95% CI: 0.72 to 0.91; handgrip,
R=0.93, 95% CI: 0.91 to 0.94, and 1mile run/walk,
R=0.89, 95% CI: 0.80 to 0.94.

Statistical analysis

All data distributions were firstly checked for out-
liers and percentile charts were constructed sepa-
rately for each PF test by sex using the LMS math-
ematical model 17 implemented in LMS_chartmaker
Pro software version 2.45.20 All z values greater than
|41 were eliminated according the suggestions of Pan
and Cole.2! A Box-Cox power transformation was
used to normalize the data at each age. Natural cubic
splines with knots at each distinct age ¢ were fitted
by maximum penalized likelihood to create three
smooth curves: L(f) the Box-Cox power, M(¢) the
median and S(7) the coefficient of variation. Centile
curves at age t were then obtained as:

Ciooa O=M @ [1+L{®S@)Z]"O

where Z, is the normal equivalent deviate for tail
area o, and C,,(?) is the centile corresponding to Z,,.
Equivalent degrees of freedom (edf) for L(z), M(¢) and
S(#) measure the complexity of each fitted curve. The
appropriate number of degrees of freedom was select-
ed according to Pan and Cole 2! suggestions based on
the deviance,®- 10.21 Q-tests,?2 and Worm-plots.23
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Figure 1.—Reference charts for the motor tests: sit-and-reach, handgrip and standing long jump (boys and girls).

Results

Table II gives the proportions of data in the chan-
nels round the seven fitted centiles of 3rd, 10th, 25th,
50th, 75t 90th and 97t for the PF measures showing
the quality of the fitting models to the data.

The percentile charts are shown in Figures 1 and
2. Table III displays the respective percentile val-
ues (Ps, Pg, Pss, Psg, Pys, Py and Py;) for sit-and-
reach, handgrip, standing long jump, 50 yards’ dash,
4x10m shuttle run and 1-mile run/walk. Appendix

Vol. 54 - No. 6
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1 provides L, M and S values and their respective
standard errors.

Boys showed better results than girls in handgrip,
standing long jump, 50 yards’ dash, 4x10m shuttle
run and 1-mile run/walk (Figures 1 and 2). The sit-
and-reach test shows different trends in both gender
- boys have very small variations at P;, P,, and P,s,
for all ages but girls exhibit higher values than boys,
varying from 1.1 cm to 4.1 cm. Handgrip shows in-
creases in both sexes across age. P; and Py, show di-
vergent trajectories from 6 and 10 year old children

783



This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies

(either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other

means which may allow access to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is

not permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Atrticle. It is not permitted to frame or use framing techniques to enclose any trademark, logo,

or other proprietary information of the Publisher.

RORIZ DE OLIVEIRA CHILDREN PHYSICAL FITNESS REFERENCES
BOYS BOYS BOYS
15 50 YARDS' DASH 20 4X10M SHUTLLE RUN 17 1 1-MILE RUN/WALK
14 4 19 9 16 +
. 18 15 1
17 4 14 4 P3
12 4
_ 13 1
2 P3 16 1 z P10
% 11 2 Z 12 4
= P10 :15 1 P3 g P25
=10 4 P25 s En
T4 1 P10 P50
P50 10 4
9 4 \ 13 P25
P75 1
9 4 P75
8 4 \ P90 P50 \
P97 12 4 P75 3 P90
] \ P90
1 P97 71 P97
6 10 6
6 7 8 9 10 6 7 8 9 10 6 7 8 9 10
AGE (YEARS) AGE (YEARS) AGE (YEARS)
GIRLS GIRLS GIRLS
15 1 50 YARDS' DASH 21 4X10M SHUTLLE RUN 20 1 1-MILE RUN/WALK
] - 19
18
19
13 4 17 4
18 ]
12 ; P3 > P3
~ 17 z 15 1
[ P10 g =
é 11 1 § 16 P3 E s A P10
= P25 g =2
s | =15 4 P10
2 10 ] P25
= \PSO J 12
N \P75 14 P25 1" b0
P50 ]
\P9O 13 10 P75
8 1 P97 P75 9 1
12 \ P90 . | P90
7 4 P97 P97
11 7
6 10 6
6 7 8 9 10 6 7 8 9 10 6 7 8 9 10
AGE (YEARS) AGE (YEARS) AGE (YEARS)

Figure 2.—Reference charts for the motor tests: 50 yards’ dash, 4x10m shuttle run and 1-mile run/walk (boys and girls).

with differences from +4.3 kg to +11.2 kg in boys,
and +4.1 kg to +11.0 kg in girls. A similar trend was
observed for standing long jump. In both 50 yards’
dash and 4x10 m shuttle run, a predictable trend is
observed, i.e., time decreases from 6 to 10 years.
In the 1-mile run/walk there are larger differences
between boys and girls at 6 than at 10 years. When
aged 6 and 10, the median (Ps,) value is respectively
11.7 min and 10.2 min for boys; and 13.8 min and
10.8 min for girls.

Median (Ps) trajectories for sit-and-reach, hand-
grip, standing long jump, 50 yards’ run, 4x10 m
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shuttle run and 1-mile run/walk (boys and girls) of
Portuguese children compared with their age- and
sex peers are shown in Table IV, Figures 3, 4. Portu-
guese children results present a similar trend to other
studies. 14-16, 24-26

Portuguese children from the present study show a
higher level of flexibility across all ages in both sex-
es. In handgrip, Portuguese girls show very similar
results to Azorean girls, but lower values compared
to the Madeira and the Spanish, and higher values
than those of Latvia. Portuguese boys from the main-
land show less grip strength than those of Madeira,
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TABLE Ill.—Percentiles scores (P3, P10, P25, P50, P75, P90 and P97) for sit-and-reach, handgrip, standing long jump, 50 yards’ dash,
4x10m shuttle run and 1-mile run/walk, by age and sex.

Boys Girls
Handgrip (kg)
AGE P3 P10 P25 P50 P7S Po0O P97 P3 P10 P25 P50 P7S P90 Po7
6 53 6.1 7.1 8.1 9.3 10.6 12.0 4.7 5.6 6.6 7.6 8.7 9.9 11.1
7 6.2 7.3 8.5 9.9 11.4 13.0 14.7 5.6 6.7 7.8 9.1 10.4 11.9 13.4
8 7.1 8.5 10.0 11.6 13.4 15.3 17.4 6.6 7.9 9.2 10.8 12.4 14.1 16.0
9 8.3 9.9 11.7 13.6 15.7 17.9 20.3 7.5 9.1 10.7 12.5 14.4 16.5 18.7
10 9.6 11.4 13.4 15.6 17.9 20.5 23.2 8.8 10.6 12.6 14.7 17.0 19.5 22.1
Sit and Reach (cm)
AGE P3 P10 P2Ss PS50 P75 PoO Po7 P3 P10 P25 PSSO P75 PoO Po7
6 8.6 11.4 14.3 17.1 19.9 22.7 25.6 9.9 12.7 15.4 18.3 21.1 24.0 26.9
7 8.5 11.3 14.2 17.1 20.0 23.0 25.9 10.5 13.4 16.3 19.3 22.3 25.4 28.5
8 8.6 11.7 14.8 17.9 21.0 24.2 27.3 11.2 14.3 17.4 20.6 23.8 27.1 30.4
9 8.8 12.2 15.5 18.8 22.2 255 28.9 11.8 15.0 18.3 21.6 25.0 284 31.9
10 8.9 12.3 15.8 19.3 22.7 26.3 29.8 12.5 15.9 194 23.0 26.6 30.2 33.9
Standing Long Jump (cm)
AGE P3 P10 P25 PS50 P75 PoO0 Po7 P3 P10 P25 P50 P75 P90 P97
6 59.5 73.0 85.8 98.0 109.6 120.9 131.9 59.5 69.5 79.0 88.1 96.9 1055 113.8
7 68.1 81.8 94.7 107.0 118.9 130.5 141.7 65.7 76.1 86.2 96.2 106.0 115.6 125.1
8 77.9 914 1043 116.7 128.7 140.3 151.7 71.5 82.2 929 103.6 114.3 125.0 135.7
9 84.1 97.7 110.8 123.4 135.5 147.3 158.8 76.1 86.9 97.9 109.2 120.7 132.4 144.3
10 89.4 103.5 117.1 130.2 142.8 155.1 167.1 81.1 92.0 103.4 115.3 127.6 140.5 153.8
4x10m Shuttle Run (sec)
AGE P3 P10 P25 P50 P75 P9o0 P97 P3 P10 P25 P50 P75 P90 P97
6 18.5 17.2 16.0 14.9 13.8 12.7 11.7 19.6 18.3 17.1 15.9 14.8 13.7 12.6
7 17.6 16.3 15.1 14.0 13.1 12.2 11.4 18.5 17.2 16.0 15.0 14.0 13.0 12.2
8 16.6 15.3 14.3 13.3 12.5 11.8 11.1 17.4 16.1 15.0 14.0 13.1 12.4 11.7
9 15.9 14.8 13.8 13.0 12.2 11.6 11.0 16.7 15.5 14.5 13.6 12.8 12.1 11.4
10 15.1 14.1 13.3 12.5 11.9 11.3 10.7 16.1 15.1 14.1 13.3 12.6 11.9 11.3
50 Yard's Dash (sec)
AGE P3 P10 P25 P50 P75 P90 P97 P3 P10 P25 P50 P75 PoO P97
6 13.6 12.4 11.4 10.6 9.8 9.2 8.6 13.9 12.9 12,0 11.2 10.4 9.7 9.1
7 129 11.9 10.9 10.1 9.4 8.8 8.3 13.4 12.4 11.5 10.7 10.0 9.4 8.8
8 12.5 11.5 10.6 9.9 9.3 8.7 8.2 13.0 12.0 11.1 10.4 9.7 9.1 8.5
9 11.9 11.0 10.2 9.5 8.9 8.4 7.9 12.6 11.6 10.8 10,0 9.4 8.8 8.3
10 11.3 10.5 9.8 9.1 8.6 8.1 7.7 12.2 11.2 10.3 9.6 9.0 8.5 8.0
1-Mile Run/Walk (min.)
AGE P3 P10 P25 P50 P75 P90 Po7 P3 P10 P25 P50 P75 P90 Po7
6 16.3 14.5 13.0 11.7 10.6 9.6 8.8 18.9 17.1 15.4 13.8 12.4 11.1 10.0
7 15.7 13.9 12.4 11.2 10.1 9.1 8.3 18.3 16.4 14.7 13.2 11.8 10.5 9.4
8 14.9 13.3 11.9 10.6 9.5 8.5 7.7 17.3 15.4 13.8 12.3 11.0 9.8 8.7
o 14.4 129 11.6 10.4 9.3 8.2 7.3 16.7 14.7 13.0 11.5 10.2 9.0 8.0
10 13.9 12.6 11.4 10.2 9.1 8.0 7.0 15.6 13.8 12.2 10.8 9.7 8.6 7.7
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TABLE IV.—Values of the P50 motor tests from different countries: handgrip, sit and reach, standing long jump, 4X10 m shuttle run, 50
yards’ dash and 1-mile run/walk (boys and girls).

BOYS (P50) GIRLS (P50)

Handgrip (kg)
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AGE 6 7 8 9 10 6 7 8 9 10
Mainland Portugal 8.1 9.9 11.6 13.6 15.6 7.6 9.1 10.8 12.5 147
Madeira 14.5 16.5 18.5 11.5 14.0 16.5
Azorean 9.1 11.0 12,7 145 16.4 7.6 9.1 10.7 12.4 144
Latvia 86 10.8 127 144 16.4 8.0 9.4 11.4 12.8 14.8
Sit and reach (cm)
AGE 6 7 8 9 10 6 7 8 9 10
Mainland Portugal 17.1 17.1 179 18.8 19.3 183 193 206 216 230
Madeira 18.8 18.0 17.5 20.0 19.5 19.8
PPF 26.0 250 25.0 250 25.0 27.0 27.0 28.0 28.0 28.0
Latvia 165 156 158 14.6 14.5 183 17.8 17.4 16.5 16.3
Standing long jump (cm)
AGE 6 7 8 9 10 6 7 8 9 10
Mainland Portugal 98.0 107.0 116.7 123.4 130.2 88.1 96.2 103.6 109.2 115.3
Madeira 126.0 133.5 141.0 117.0 125.0 133.0
Azorean 90.0 100.0 110.0 120.0 130.0 80.0 90.0 100.0 110.0 120.0
Australian 120.5 127.0 136.0 146.0 106.0 120.0 126.5 135.5
4X10 m shuttle run (s)
AGE 6 7 8 9 10 6 7 8 9 10
Mainland Portugal 149 14.0 133 13.0 12.5 159 15.0 14.0 13.6 13.3
Azorean 144 140 134 127 12.0 152 145 13.9 132 126
PPF 133 128 122 119 11.5 13.8 132 12.9 12,5 12.1
50 yards’ dash (s)
AGE 6 7 8 9 10 6 7 8 9 10
Mainland Portugal 10.6 10.1 9.9 9.5 9.1 11.2 107 10.4 100 9.6
Azorean 11.8 11.1 10.5 9.9 9.3 126 119 11.2 10,6 99
1-mile run/walk (min)
AGE 6 7 8 9 10 6 7 8 9 10
Mainland Portugal 11.7 11.2 10.6 104 10.2 13.8 13.1 12.3 11.5 10.8
Azorean 12.7 12.1 11.6 11.0 10.5 13.7 133 12.9 12.5  12.0
PPF 124 114 11.1 10.3 9.5 13.1 126 12.3 11.5 11.2
786 THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS December 2014
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Figure 3.—Comparison of the P50 motor tests: sit-and-reach, handgrip and standing long jump (boys and girls).

Azores and Latvia. In the standing long jump, and in
both sexes, mainland Portuguese children jumped a
lesser distance when compared to Madeira and Aus-
tralia children, in girls between -9.80 cm and -20.22
cm and in boys between -9.27 cm and -20.50 cm. In
the 50 yards’ dash, Mainland Portuguese children are
the fastest when compared to children from Azores,
but are less agile (4x10 m shuttle run). In the 1-mile
run/walk Portuguese girls show lower aerobic per-
formance at 6 years of age in relation to the Azorean
and American, but present a greater aerobic perform-
ance at 10 years. Portuguese boys need less time to

Vol. 54 - No. 6
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cover the 1-mile when compared to their Azorean
peers but require more time than the Americans at 9
(+0.10 s) and 10 (+1.14 min) years.

Discussion

This study presents age- and gender- percentiles
for a set of PF tests on Portuguese children aged 6-10
years. In general, boys perform better than girls in
cardiorespiratory endurance, strength, agility and
running speed, while girls are better performers than
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Figure 4.—Comparison of the P50 motor tests: 50 yards dash, 4x10m shuttle run and 1-mile run/walk (boys and girls).

boys in flexibility !. On the other hand, there is a wide
inter-individual variation in each measure accounted
for by genetic factors and normal growth and matura-
tion sensitivity to the physical and built environment,
cultural, social and economic conditions that affects
the development of motor performance and physical
fitness (but see Malina et al. 2004). Portuguese girls
from the present study are more flexible than boys,
a pattern consistent with Madeira islandm?4 Latvia
26 and US.15 However, observed increments in the
present study in both genders across age also occur
in American girls, whereas in Latvia and Madeira
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island flexibility levels decrease. Nevertheless, Por-
tuguese children, in both sexes, exhibit a lower per-
formance than those from America, with a difference
that ranges between -5.02 cm and of -8.92 cm. In this
comparison it is important to remember the time lag
among studies (15 years). There is increasing evi-
dence that children and adolescents’ PF has declined
over the last few decades which seems to be associ-
ated to the current problems of sedentary lifestyle,
overweight and obesity.27-28 Also, the use of different
statistical methods for centile estimation and differ-
ences in measurement protocols may explain the dif-

December 2014



This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies

(either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other

means which may allow access to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is

not permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Atrticle. It is not permitted to frame or use framing techniques to enclose any trademark, logo,

or other proprietary information of the Publisher.

CHILDREN PHYSICAL FITNESS REFERENCES

ferences found. At the P50, girls perform better than
boys in the trunk flexibility, which increases from
age 6 to 10 years, respectively +1.19 cm (=7%) and
+3.73 cm (=19%). There is some evidence of the ab-
sence of mean flexibility changes from 6 to 10 years
of age,?® or that a decline is present.26: 30 In spite of
not observing a decrease of flexibility in Portuguese
children, boys’ values are more stable from 6 to 8
years when considering P3, P10 and P25 trajecto-
ries. Malina et al.! reported that from 5 to 11 years
the mean values for flexibility in girls are stable, but
on the other hand in boys the lower trunk flexibility
decreases linearly with age from 5 years and reaches
its lowest point at age 12. In addition, Guedes et al.3°
suggested that girls preferences for games and/or dai-
ly physical activities where flexibility is emphasized
in detriment of more vigorous activities strength and
endurance related may have favored their better per-
formance flexibility compared with boys.

It is well-established that muscular strength in-
creases during childhood and is negatively associ-
ated with gains in fat mass.!- 31 In the present study,
static and explosive strength assessed by the hand-
grip and standing long jump tests, respectively, pre-
sented a linear increase from 6 years onwards. Boys
show better average static strength values than girls
(difference ranges between 6% and 8%), which
is close to previous suggestions given by Shepard
32 that before puberty boys have, on average, 10%
higher strength values than girls. When compared to
children from Latvia, Azores and Madeira, Mainland
Portuguese boys are weaker, whereas girls have sim-
ilar values to their peers. It was suggested that static
strength was independent of learning effects and that
the differences found may be associated with biolog-
ical maturation.33 Serrano et al.'¢ also indicate that
static strength seemed to be more strongly correlated
with lean body mass and arm muscle area, than with
direct variables of size (weight and height) and BMI.

For the standing long jump, the mainland Portu-
guese children showed a lower performance than
Madeira and Australia peers. According to Safrit 34
the technique of the standing long jump can influ-
ence the results and make comparisons difficult. On
the other hand, several studies confirm a lower pro-
ficiency of children and adolescents with overweight
and obesity in tests that require projection of body
mass.!- 35. 36 These variables were not controlled in
the present study. In the 50 yard dash and 4x10 m
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shuttle run tests, the results are similar in both gen-
ders. Although boys were faster than girls across age,
the time trajectory of P50 in boys is 5% to 7% lower
than girls. These results are similar to those found
in Azores and American children. Malina et al.! re-
ported that in the 50 yard dash test, gender differ-
ences were small during childhood. Dash times from
the mainland Portuguese children were lower than
peers from Azores and from US in the 4x10 m shut-
tle run test. Several reasons, such as motivation, test
protocols and size can explain these differences.24 37

Considering all tests previously reported, in which
boys appear more proficient than girls, it is in the
1 mile run/walk test that differences are more pro-
nounced differences between gender, i.e., boys are
6% to 19% faster, which is a similar finding to Azo-
rean and American children. It has been suggested
that the gender difference is due to not only on bio-
logical factors, which are more pronounced during
adolescence, but also in motivational and environ-
mental factors.l.3.38 However, the gender differences
are lower across age groups. Considering differences
at P50, boys require less time to complete the 1 mile
run/walk test compared to girls (i.e., -18% [-2.1 min]
at 6 year old and -6% [-0.6 min] at 10 year old). In
the Azorean and American studies, different results
between sexes were found. Although boys are sys-
tematically faster than the girls, this difference in-
creases from 6 to 10 years: Azorean go from -1.0
min to -1.5 min, and the Americans go from -0.8 min
to -1.7 min. Several authors suggest that throughout
childhood the variable more related to the aerobic fit-
ness test performance is total body fat, i.e., increas-
ing fat is associated with a decreasing aerobic fitness
test performance in children.2?

A few caveats related to the creation of refer-
ence values should be noted. First, the value and
the meaning of the results obtained with the LMS
method depend, to a certain extent, on the quality of
the available data resulting in high reliability of chil-
dren’s performance. In this study, intraclass correla-
tion coefficients ranged from 0.80 (50 yards’ dash)
to 0.97 (sit-and-reach) showing the high consistency
of assessments. In addition as with all percentile ref-
erences requiring cross-sectional data no inferences
are allowed about intra-individual changes, inter-in-
dividual differences in intra-individual changes and
predictors of these changes, which could only be pro-
vided by a longitudinal study. To date, no longitudi-
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nal physical fitness references have been published.
Besides the lack of longitudinal physical fitness data,
another reason is that no statistical models have been
provided, to solve the many problems involved with
such an enterprise. However, some strengths are to
be considered in the present study: 1) the magnitude
of the sample size; 2) the preciseness of estimated
centile values; 3) the use of LMS_chartmaker Pro
software version 2.45 which provided high graphical
representation due to the well fitted models.

Conclusions

Age- and gender- percentiles for a set of physical fit-
ness tests for 6-10 year old (primary school) Portuguese
children have been established. Boys showed greater
overall PF than girls, except in the flexibility test, in
which girls performed better. The reported normative
values provide ample opportunities to accurately detect
individual changes during childhood. These reference
values are especially important in healthcare and educa-
tional settings, and can be added to the worldwide litera-
ture on physical fitness values in children.
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Appendix 1.
Models for each test with L, M and S values and their respective standard errors.

Boys Girls
MODELS L2M04S20 Sit-and-reach L2M03S20
AGE L = se M = se S + se L + se M + se S + se
6 099 + 0.19 17.08 = 0.52 025 + 0.011 092 + 0.037 1827 = 0.52 023 + 0.003
7 099 + 0.13 17.14 = 021 025 + 0.008 092 + 0.037 1931 = 022 023 + 0.003
8 099 += 0.09 1793 = 022 026 + 0.006 092 =+ 0.037 20.60 = 024 023 = 0.003
9 099 + 0.10 1881 £ 023 027 = 0.006 092 = 0.037 21.63 = 0.25 023 + 0.003
10 098 + 0.14 1925 + 029 027 + 0.010 0.92 + 0.037 2298 + 032 023 + 0.003
MODELS L3M05S30 Handgrip L2M04S20
AGE L £ se M + se S + se L + se M + se S + se
6 025 + 034 812 + 032 021 + 0.014 051 + 0.21 7.60 + 023 021 = 0.009
7 041 += 0.16 988 £ 0.13 021 = 0.007 051 £ 0.15 9.09 = 0.10 021 =+ 0.007
8 047 = 0.14 11.63 £ 0.14 022 = 0.006 051 £ 0.10 10.76 + 0.12 022 + 0.005
9 045 + 0.14 1359 + 0.16 022 £ 0.006 051 £ 0.12 12.49 = 0.14 022 + 0.005
10 042 = 0.19 1558 + 021 022 + 0.009 050 + 0.17 1473 + 020 023 + 0.008
MODELS L1M04S30 Standing Long Jump L3MO05S30
AGE L + se M + se S + se L + se M + se S + se
6 133 £ 0.09 9796 + 229 0.18 + 0.013 1.34 + 0.37 88.09 + 1.59 0.15 = 0.013
7 133 £ 0.09 107.03 + 1.08 0.17 £ 0.007 1.18 + 0.26 9620 + 0.81 0.15 = 0.006
8 1.33 £ 0.09 11673 + 1.08 0.16 + 0.006 099 + 0.18 103.58 + 0.82 0.16 = 0.006
9 133 £ 0.09 12335 + 1.10 0.15 £ 0.006 081 = 021 10921 + 0.89 0.16 = 0.006
10 1.33 £ 0.09 130.16 + 139 0.15 + 0.007 0.63 + 031 11528 + 132 0.16 + 0.009
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MODELS LIMO05S20 50 Yards’ Dash L2M04S20
AGE L £ se M £+ se S + se L + se M £ se S + se
6 -0.89 + 0.16 10.55 + 021 0.11 + 0.006 -0.23 + 0.55 11.18 + 0.15 0.11 + 0.006
7 -0.89 + 0.16 10.14 + 0.08 0.11 + 0.004 -045 + 040 10.73 + 0.07 0.11 + 0.004
8 -0.89 + 0.16 990 + 0.07 0.11 + 0.003 -0.72 + 0.28 1038 + 0.07 0.10 + 0.003
9 -0.89 + 0.16 951 + 0.07 0.10 + 0.003 -0.99 + 0.33 10.04 + 0.07 0.10 = 0.003
10 -0.89 + 0.16 9.15 + 0.07 0.10 + 0.004 -1.26 + 0.50 9.64 + 0.08 0.10 + 0.005
MODELS L3M05S30 4x10m Shuttle Run L3M04S30
AGE L £ se M + se S + se L + se M = se S + se
6 034 + 0.83 1486 + 027 0.11 + 0.009 0.57 + 0.76 1593 + 021 0.11 + 0.008
7 -045 + 0.40 14.03 + 0.10 0.11 + 0.004 -0.18 + 041 1496 + 0.10 0.10 = 0.006
8 -1.07 + 0.40 1332 + 0.09 0.10 + 0.004 -0.79 + 0.40 1401 + 0.08 0.10 = 0.004
9 -1.15 + 043 1297 + 0.08 0.09 + 0.003 -1.05 + 043 13.57 + 0.08 0.09 + 0.005
10 -1.10 + 0.62 1253 + 0.09 0.08 + 0.004 -0.87 + 0.63 1330 + 0.09 0.09 + 0.007
MODELS L3MO04S30 1-Mile Run/Walk L2M04S40
AGE L = se M £ se S £ se L £ se M = se S £ se
6 -0.57 + 0.50 11.66 + 023 0.15 + 0.012 0.10 = 0.34 13.81 + 030 0.16 = 0.016
7 -0.40 + 0.27 11.15 + 0.11 0.16 £ 0.006 0.04 £ 0.25 13.15 + 0.14 0.17 + 0.008
8 -0.10 + 0.18 1064 = 0.09 0.17 + 0.005 -0.02 + 0.16 1228 + 0.13 0.17 + 0.008
9 031 = 0.16 1040 + 0.07 0.17 + 0.004 -0.09 + 0.13 11.47 + 0.11 0.18 + 0.007
10 0.66 + 0.32 1022 + 0.14 0.17 £ 0.009 -0.15 + 0.19 10.84 + 0.11 0.18 + 0.007
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