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1 | INTRODUCTION

Abstract

Objectives: The aims of this study were (1) to identify the timing of the mid-
growth spurt (MGS) in stature in children and (2) to identify gross motor coordina-
tion (GMC) spurts when aligned by the age of attainment of the MGS (aMGS).
Methods: Stature, weight, and GMC were measured in 245 Portuguese children
followed annually from 6 to 10 years. GMC was assessed and to estimate children's
MGS in stature as well as GMC spurts in each of the four tests aligned by aMGS,
we used a nonsmoothed polynomial methodology.

Results: In boys, the aMGS was attained at 7.8 years, whereas in girls it was 8.0 years.
In boys, the peak MGS was 6.2 cm-yr~ ' and in girls it was 6.4 cm-yr~". In boys, the peak
for walking backwards (WB) occurred 18 months before aMGS (14.9-points-yr™"),
jumping sideways (JS) was 12 months after aMGS (13.5-points-yr~"), hopping on one
leg (HO) was 18 months before aMGS (11.7-points-yr™), and shifting platform
(SP) was 12 months before aMGS (6.8-points-yr'). In girls, WB spurts occurred
12 months after aMGS (13.3-points-yr '), JS was 12 months before aMGS
(10.5-points-yr'), HO was coincident with aMGS (10.4-points-yr~"), and SP was 18 as
well as 12 months before aMGS (7.2-points-yr~"). No differences were observed in the
mean peak spurts between sexes in the GMC tests.

Conclusions: Boys and girls reached their MGS in stature at about the same chro-
nological age. Spurts in GMC did not express themselves in the same biological

timing relative to aMGS in stature, and there are sex differences.

However, the adolescent growth spurt is not a single phe-
nomenon, since another smaller peak occurs earlier in mid-

During adolescence there is an intense spurt in growth of
stature (peak height velocity, PHV), and sex differences are
observed in relation to the timing of PHV that occurs, on
average, 2 years earlier in girls (~12 years) than in boys
(~14 years) (Gasser, Sheehy, Molinari, & Largo, 2001;
Hauspie & Roelants, 2012). It has also been shown that there
are peaks in motor performance (MP) during adolescence
and that the fiming and tempo of such peaks are task- and
sex-specific. Their occurrence has been aligned in relation to
the age of attainment of PHV (Beunen & Malina, 1988).

childhood, between 6 and 8 years of age, and termed the
mid-growth spurt (MGS) (Butler, McKie, & Ratcliffe, 1990;
Gasser et al., 1985; Molinari, Largo, & Prader, 1980). Since
MP and motor coordination are linked with PHV, it seems
reasonable to assume that they will also be interconnected
with the MGS in stature.

Since girls, on average, are approximately 2 years more
advanced in maturity than boys at a given age, that is, closer
to the mature state, it has been suggested that the use of a
biological age marker rather than chronological age should
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be used to interpret MP change dynamics (Beunen &
Malina, 1988). Using such methodology enhances the possi-
bility of identifying MP spurts in a variety of motor domains
that are otherwise impossible to detect when data are aligned
by chronological age. As far as we know, there is no such
information on GMC, especially because there are no longi-
tudinal data sets that embrace the whole adolescent growth
period. However, serial GMC data covering the childhood
period, namely from 6 to 9 years of age, exist (Maia et al.,
2007). Moreover, as Miihl, Herkner, and Swoboda (1992)
and Lejarraga (2012) suggested, based on consistent growth
and hormonal data, the MGS could be considered a biologi-
cal marker within the biological development of a child, in
the same way that age at PHV has been used. Linking MP
and GMC to the mid-childhood growth spurt is important in
educational/pedagogical terms because the MGS shows indi-
vidual differences in both its initiation and duration. This is
important since accelerated growth may affect children's
control of their body's movements, and they may require
some time to adapt. It is thus possible that MGS differences
influence GMC spurts affecting children's overall MP in a
variety of their daily tasks. These issues become even more
relevant because it has been pointed out that children's motor
development has also been associated with health-related
habits and behaviors (Robinson et al., 2015). It is known that
the interval from 6 to 9 years is sensitive for the refinement
of a variety of fundamental movement skills and that devel-
opment of health-enhanced behaviors may persist into ado-
lescence (Gallahue, Ozmun, & Goodway, 2012). It has also
been suggested that GMC and MP interact synergistically
(Stodden et al.,, 2008) and are associated with health-
enhancing physical activity behaviors during childhood and
throughout adolescence (Barnett et al., 2016; Gallahue et al.,
2012). Therefore, the purpose of this study is twofold: (a) to
identify the timing of the MGS spurt stature in children of
both sexes, and (b) to identify GMC spurts when perfor-
mance is aligned to the age of attainment of the MGS in
stature.

2 | METHODS

2.1 | Participants

Subjects were selected from a mixed-longitudinal study on
growth, physical activity, gross motor coordination (GMC),
physical fitness, biological maturation, body composition, and
motivation for sport conducted in Azorean youth (Maia et al.,
2007). In brief, subjects from four main Azores Islands (Faial,
Pico, Sao Miguel, and Terceira), Portugal, were randomly
selected. To avoid seasonal variation, all measurements were
taken annually in the fall by trained physical education teachers
from each participating school. The objectives and procedures

of the study were thoroughly explained to parents and their
informed consent was obtained. The Azorean Government
Board of Education and the Government Directorate of Sports
approved the study, and it was ethically approved by the Fac-
ulty of Sport, University of Porto.

The study was initiated in 2002, and the last wave of data
collection was in 2007. Children from the first cohort were
observed initially at 6 years of age (ie, in 2002) and were
followed annually from 6 to 10 years (primary school).
Dropout was insignificant, <10%, and no systematic differ-
ences were found between those who remained in the study
(complete data) and those with missing data. Since GMC
was only assessed in children followed consecutively from
6 to 9 years of age, in the present study only those with com-
plete serial data were selected, and 245 children fulfilled this
requirement. Age was used as decimals of a year and chil-
dren aged 5.5 to 6.49 years were designated as 6, 6.50 to
7.49 years as 7, and so on.

2.2 | Anthropometry

All body measurements were made according to standard pro-
tocols (Lohman, Roche, & Martorell, 1988). Stature was mea-
sured using a portable stadiometer (Siber Hegner, Switzerland)
to the nearest 0.5 cm with children measured with their feet
together and head in the Frankfurt plane. Body mass was mea-
sured to the nearest 0.1 kg on a Seca scale (Seca Optima
760, Germany) with children lightly dressed and barefoot.

2.3 | Gross motor coordination

Children GMC was assessed with a standard test battery devel-
oped in Germany (Korperkoordinationtest fiir Kinder [KTK])
by Schilling and Kiphard (1974) and published in English by
Willimezik (1980). There has been a recent upsurge of KTK use
in different countries such as Belgium (Vandorpe et al., 2011),
Brazil (Gorla, de Aratdjo, & Rodrigues, 2010), Mozambique
(Tchamo, Moura-dos-Santos, dos Santos, Prista, & Leandro,
2017), Portugal (Antunes et al., 2016; Chaves et al., 2015), and
Peru (Valdivia et al., 2008, 2008), demonstrating its widespread
applicability.

The KTK comprises the following tests: (a) walking back-
wards (WB)—the child walks backward on a balance beam
3 m in length, with a progressive reduction of widths (6 cm,
45 cm, and 3 cm); (b) jumping sideways (JS)—the child
makes consecutive jumps from side to side over a small beam
(60 cm x4 cm X 2 cm) as fast as possible for 15 seconds;
(c) hopping on one leg (HO) over an obstacle—the child is
instructed to hop on one foot at a time over a stack of foam
squares; after a successful hop with each foot, the height is
increased by adding a square (50 cm X 20 cm X 5 cm); and
(d) shifting platform (SP)—the child begins by standing with
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both feet on one platform (25 cm X 25 cm X 2 cm supported

on four legs 3.7 cm high), places the second platform alongside S = ; ; 2 =
the first and steps on to it, the first platform is then placed £ A A
alongside the second and the child steps on to it, the sequence 3} & & 3 LT
continues for 20 seconds. The task structure of each of these
tests also comprises MP facets that can be labeled as dynamic
balance (WB), agility (SP), and power (JS, HO). © E g ; 0
2 l;l-?l :!I H \Zl <-|D-| ;l
2.4 | Data quality control > a8 3% s%
Data quality control was assessed in three steps. In step
1, all physical education teachers were trained by the princi- - a2 2,
pal investigator of the study. Step 2 comprised a retesting of . ':'I \fl IR \fl
25 children (13 boys; 12 girls) 1 week apart, and the § o o o = n g
ANOVA-based intraclass correlation coefficient (R) was z 8 & & 888
used to estimate the relative reliability: R = 0.98 for stature
and 0.75 <R <091 for GMC tests. In step 3, all data - -
entries were checked for unusual values, outliers, and nor- o © X =2
mality distribution. R ;:.' :;.' {;‘ {;‘ \;‘ l;:'
E 3 = 3 a & =2 R
2.5 | Statistical methods
Descriptive statistics are presented as means and standard " o~ S Z2 s
deviations. Furthermore, we tested for age-by-sex interac- . PN T W o4 on
tions in each of the GMC tests using an ANOVA model. o] doa e a ¥ 3
Additionally, sex differences in GMC mean peak spurts in a = oo s
each test were verified using independent-samples ¢ tests.
SPSS 24.0 was used in these analyses, and the level of sig- m @ <
nificance was set at P < 0.05. @ S & = 25 &
. . \ . g » H H H H H H
To estimate children's MGS in stature, as well as GMC o 5 © » " o o O
spurts in each of the four tests aligned by the age of peak ~§ - § & g T3
MGS, we used the methodology originally designed by Van't f
Hof, Roede, and Kowalski (1976), which was initially applied _:;
to the adolescent growth and MP data of Belgium boys g Qe E % ; n
(Beunen, Malina, Van't Hof, Simons, & Renson, 1988). It was 2 » +H o4 H oH O+ H
later used with Spanish youth of both sexes (Yagiie, La % §, é g § ; z E
Fuente, & Manuel, 1998) as well as with young Belgium soc- § = -
cer players (Philippaerts et al., 2006). E
This methodology is valid during the MGS if the follow- ) e © E NN I
ing conditions are satisfied: (a) the presence of a real spurt, é " l:l j:l o ‘fl o "+’|
that is, an increase in velocity, and (b) a specific slowdown Ho o2 § : g © g « \[g
of growth velocity after the peak. Additionally, cubic splines § Ole = SO
were used to smooth the curves. A University Porto mathe- § §0
matician and programmer developed the software to conduct };:,-)* s _ ;9
all analysis and graph results. g é ) é z 2
g s2§2¢% ¢
g S5 2° ¢
3 | RESULTS £ 82w b ¢
a r2383%:35 ¢
Descriptive statistics for height and weight, as well as forall — ~ 2 % \:/ ;f’ jg e 20 kS 20 ;
GMC tests, across age groups are summarized in Table 1. As E :Tg & é -z E % g“ § = :%
expected, boys and girls became systematically taller and ﬁ 5 g w B é 2 2 I = g
heavier from 6 to 9 years of age. Furthermore, children & 2
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exhibited, on average, increases in all GMC tests with
advancing age. However, no statistically significant age-by-
sex interactions were found for the anthropometric variables
(stature, P = 0.06; weight, P = 0.98) as well as for GMC
(WB, P=0.16;JS, P=0.07; HO, P = 0.09; SP, P =0.15).

Smoothed curves were successfully fitted for 170 children
(82 boys and 88 girls) (Figure 1 and Table 2). In boys, the
peak MGS was, on average, at 7.8 + 0.47 years. The mini-
mum velocity was attained at 12 months before the age of
peak MGS (4.4 cm-yr~ ") and the maximum was 6.2 cm-yr .
Thereafter, the velocity decreased to 4.7 cm-year ' at
12 months after the age of peak MGS (Figure 1). In girls,
the mean age at peak MGS was 8.0 + 0.72 years. Their min-
imum velocity (4.4 cm-yr™") was attained at the same age as
in boys. The estimated peak velocity was 6.4 cm-yr~', and
then velocity decreased to 4.9 cm-year™' 12 months after the
age of peak MGS. A marginal significant difference was
noticed in boys' and girls' age at peak (P = 0.04).

The mean constant velocity GMC curves for each of the
four tests are shown in Figure 2, and the mean velocities are
summarized in Table 3. In boys, the peak velocity for WB
seemed to occur at 18 months before the age of peak MGS
(14.9 points-yr™'), whereas in girls this peak occurred

Height

81 T
72 T
63 T
54 T
45 T
36 T
27 T+
18 T
09 T

-18 -12 -6 0 6 12 18
months from MGS

FIGURE 1 Mean constant velocity curves for height in boys
(peak MGS = 6.2 cm-y™") and in girls (peak MGS = 6.4 cm-y ")

12 months after the age of peak MGS (13.3 points-yr™"). In
boys' IS, the peak was estimated to be 12 months after the
age of peak MGS (13.5 points-yr™"), but in girls, the spurt
occurred 12 months before the age of peak MGS (10.5
points-yr~'). Boys' peak spurt in HO was estimated to occur
18 months before the age of peak MGS (11.7 points-yr ),
while in girls the peak spurt was coincident with the age of
peak MGS (10.4 points-yr—"). The corresponding velocities
for SP occurred 12 months before the age of peak MGS (6.8
points-yr™") in boys, whereas in girls this velocity was pre-
sent at 18 as well as 12 months before the age of peak MGS.
Figure 3 shows the joint curves, their spurts, and peaks of
the four GMC tests in boys and in girls.

No statistically significant differences were observed in
the mean peak spurts between boys and girls within each
GMC test: WB, P = 0.641; JS, P = 0.058; HO, P = 0.632;
or SP, P = 0.738).

4 | DISCUSSION

An MGS in stature was found between 6 and 8 years of age
in the Portuguese children. However, we only identified an
MGS in stature in 70% of the sample, whereas we failed to
detect such a spurt in 30% (n = 65). This is probably due to
(a) the fact that we only have annual measurements and this
may hinder the estimation of individual spurts. Yet, in the
First Ziirich Longitudinal Growth Study (Gasser, Kneip,
Binding, Prader, & Molinari, 1991), annual measurements
were taken from 24 months of age till 9 years in girls and
10 in boys, and this did not impede the precise identification
and estimation of the MGS parameters in both boys and
girls. (b) The fact that some children may not experience
only one MGS, but two or three of low intensity (Butler
et al., 1990), or no MGS (Tanner & Cameron, 1980). In Bel-
gium adolescent soccer players (Philippaerts et al., 2006)
and Spanish adolescents (Yagiie et al., 1998), it was also
reported that in several cases it was not possible to identify a
peak when their MP data were aligned to the age at PHV. In
any case, we were successful in aligning children around
their growth spurt, similar to the alignment made by Beunen
and Malina (1988). To our knowledge, this is the first study

TABLE 2 Boys and girls mean (+SDs) growth velocities for the mid-growth spurt (MGS) in stature

Months from MGS
—18 -12 —6 0 6 12 18
Boys
cm-yr! 48+0.7 44+ 1.1 52+08 62+09 54+08 4.7+09 51+0.6
Girls
cm-yr! 4.7 +0.7 44+12 53 +0.8 6.4+ 1.1 5.6 +09 49 +12 5.1+1.1

Abbreviation: cmyr™', centimeters per year.
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( A) KTK-WB

Points/y

162
144+
126
108+ ~«

72 T
54 T
36 T

18 +

-6 0 6
months from MGS

18

(C)

Points/y

KTK-JS

162 1
144 +
126
10.8

72 T
54 T
36 T
1.8

(B)

(D)

8.1
72
6.3
54
45
3.6
2.7
1.8
09

KTK-HO

126
112+

98 T

84

56 T
42 T
28 T
14 T

-18 -6 0 6

months from MGS

12 18

Points/y
Girls
— Boys

KTK-SP

-6 0 6 12 18

months from MGS

-18 -12

-6 0 6 12 18

months from MGS

-18 -12

FIGURE 2 Mean constant velocity curves (points-yr~') for KTK-WB (walking backwards), KTK-JS (jumping sideways), KTK-HO (hopping

on one leg), and KTK-SP (shifting platforms)

that addresses this issue, showing a series of GMC spurts as
well as time differences in peaks between boys and girls.
The timing and tempo of the MGS in stature of the Portu-
guese children compares closely to previous reports. The
age at peak and the intensity of the MGS in stature of the
Portuguese boys (7.8 years, peak growth = 6.2 cm-yr~') and
girls (8.0 years, peak growth = 6.4 cm-yr ') nearly over-
lapped the MGS reported by Butler et al. (1990) in Scottish

1

children (boys, 7.0 years, peak 6.7 cm-yr ; girls,
6.7 years, peak = 6.8 cm-yr~ ') and by Gasser et al. (1985) in
Swiss children (boys, 7.7 years, peak = 6.4 cm-yr™'; girls,
7.5 years, peak = 6.4 cm-yr~"). The small differences found
in the intensity of the MGS may reflect real biological varia-
tion or it could be related to sampling procedures, variation
in the frequency of measurements, and methods of estimat-
ing growth velocities (Malina, Bouchard, & Bar-Or, 2004).
Furthermore, it has been suggested that the occurrence of a

MGS is linked to growth hormone pulses, and that thyroid

hormone, insulin, cortisol, and adrenal androgens may play
central roles in this process (Johnston, 1986). Yet, as Butler
et al. (1990) and Sheehy, Gasser, Molinari, and Largo
(1999) indicate, care must be taken when linking the tem-
poral association between the mid-childhood spurt and
adrenarche.

The second aim of this study was to identify GMC spurts
when performance was aligned to the age-at-peak MGS. A
spurt was identified in the four GMC tasks showing differ-
ences in age within and between boys and girls, but not in
their peak intensities. Initial “spurts” in fundamental motor
skills and, therefore, in GMC, are perhaps greater than
the physical growth spurt because they take place during
childhood and not during puberty (Cools, De Martelaer,
Samaey, & Andries, 2009; Martinek, Zaichkowsky, &
Cheffers, 1977).

Children's daily activities, namely those linked to play,
sports practice, and general physical activity, are dependent
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TABLE 3 Boys and girls mean growth velocities for gross motor coordination (GMC) tests aligned on their respective age at mid-growth spurt

(MGS) in stature

Months from MGS
GMC tests —18 -12 —6 0 6 12 18
Boys
Walking backwards (points-yr~') Mean 14.9 14.2 10.4 11.5 8.1 8.4 53
Jumping sideways (points-yr~') Mean 6.9 8.7 8.0 7.9 8.9 13.5 11.0
Hopping on one leg (points-yr~') Mean 11.7 10.3 9.1 11.2 9.5 8.7 9.1
Shifting platforms (points-yr~") Mean 4.6 6.8 6.1 55 3.6 3.7 3.7
Girls
Walking backwards (points-yr—") Mean 10.9 9.3 8.0 10.9 9.8 13.3 8.6
Jumping sideways (points-yr—') Mean 9.0 10.5 9.4 10.3 9.4 10.3 11.1
Hopping on one leg (points-yr—) Mean 9.3 8.6 8.0 10.4 9.6 9.8 9.1
Shifting platforms (points-yr~") Mean 7.2 7.2 6.0 6.9 4.7 4.1 4.8
Note: Bold values correspond to peak velocities.
Abbreviation: points-yr~', points per year.
(A) pry Boys (B) piy Girls
15 T 15 =+
1351 135 1
12 12 T
10.5 105+ s
9 T 27 W3
75 T 75 T
6 T 6 T
45 T 45 T
3 7 3 T
15 + 15 +

6.3 6.8 73 78 83 88 93
age (years)

FIGURE 3
hopping on one leg; SP, shifting platforms (p/y = points-yr~")

to some extent on basic components or “factors” such as
strength, agility, balance, and flexibility. These factors are also
common to most motor skills but vary with the type of motor
skill or task (Zaichkowsky, Zaichkowsky, & Martinek, 1980).
For example, in the KTK test battery, the JS test has a structure
that mainly expresses velocity in alternate jumping, and the
HO test maps the coordination of lower limbs in conjunction
with the dynamic strength of these limbs. Our findings
showed that in boys, the JS peak spurt occurred at 9.0 years
(intensity = 13.5 points-yr'), that is, after MGS, and the
HO at 6.0 years (intensity = 11.7 points-yr™'), that is,
before the MGS. In girls, the JS peak spurt was at 6.8 years
before the MGS (intensity = 10.5 point-yr '), but the

6.5 7.0 7.5 8.0 85 9.0 9.5
age (years)

Joint mean constant velocity curves of the four tests in boys and girls. WB, walking backwards; JS, jumping sideways; HO,

HO was coincident with MGS, that is, 8.0 years (inten-
sity = 10.4 points-yr").

For JS and HO, sex differences may be due to the fact
that growth in stature is also accompanied by an increase in
size attained by specific parts of the body (Butler et al.,
1990) and gains in muscular strength that may lead to subse-
quent increases in MP (Branta, Haubenstricker, & Seefeldt,
1984; Butler et al., 1990). Additionally, the spurts of the legs
and trunk are not synchronous, that is, the maximal velocity
is reached, on average, three-quarters of a year later for the
trunk than for the legs in girls, whereas in boys it is about a
half-a-year later (Gasser et al., 1991), and this may influence

the differences found in these motor tests. It is also
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acknowledged that stabilization of locomotor skills is
reported at 9.5 and 10.0 years in jumping, and 6.5 and
5.6 years in skipping for boys and girls, respectively
(Seefeldt & Haubenstricker, 1982). Therefore, these stage
transitions may also be linked to the GMC spurts.

The other KTK tests refer to dynamic balance (WB) and
agility (SP), and showed small differences when their spurts
were aligned with the age-at-peak MGS. In WB and SP, the
age at peak was at 6.0 years (intensity = 14.9 points-yr—')
and 6.6 years (intensity = 6.8 points-yr™'), that is, before
MGS, respectively, in boys; in girls it was at 9.2 years
(intensity = 13.3 point-yr~') after MGS and 6.2 and 6.8 years
(intensity = 7.2 points-yr ') before MGS, respectively.
Motor tasks that involve balance are critical to daily move-
ment behaviors and are influenced by visual, tactile kines-
thetic, and visual stimulation (Humphriss, Hall, May, &
Macleod, 2011). The execution of WB and SP tasks is based
on the integration of proprioception, vestibular function, and
vision that are necessary to maintain the control of the body
in movements that requires synergetic functioning of the cer-
ebellum, spinal cord, and skeletal muscle innervation
(Achiron & Kalron, 2008). On the other hand, it is likely that
neurological maturation (ie, girls have a “slightly” advanced
neurological development) and variations in children's infor-
mation processing capacity, as well as environmental charac-
teristics and the task itself, need to be considered in
explaining potential differences in these motor tests (Cagola,
Ibana, Ricard, & Gabbard, 2016).

This study is not without limitations, and we point out at
least two. First, we only have assessments of GMC at yearly
intervals. It is possible that using half-year assessments will
be more accurate in the estimation of GMC spurts. However,
over short intervals of assessment a learning effect in per-
forming each task could occur, which makes it difficult to
distinguish between the test-retest effects and the true
change. Additionally, starting the study at 5 years of age
would also probably contribute to the preciseness of the
parameter estimates as well as the GMC spurts. Second,
some care should be taken when generalizing our findings to
other groups of children. On the other hand, this study is
unique in the sense that the identification of MGSs in GMC
is novel. Our sample is also larger than previous studies and
the method used to derive the velocity curve seems to fit
well the MGS of the GMC tasks. The KTK test battery is
also a valid marker of the GMC given the extensive research
published in recent years.

In conclusion, boys and girls reached their MGS in stat-
ure at about the same chronological age. Spurts in GMC did
not express themselves in the same biological timing relative
to age at MGS in height, and there are sex differences in the
timing. This information is useful and will most certainly help
physical education teachers, parents, and sports' coaches to

ﬁ\t American Journal of Human Biology_WI LEYM

better understand children's GMC and use these putative sensi-
tive periods, that is, GMC spurts, to enhance the efficiency of
their educational programs.
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