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1  |   INTRODUCTION

Physical fitness (PF) is widely accepted as the expression of 
the efficiency of a set of components such as strength, power, 
agility, and speed,1 which altogether facilitate the acquisi-
tion of fundamental movement skills, including locomotor, 
object control, and balance skills.2 Appropriate levels of PF, 

fundamental movement skills acquisition, and gross motor 
coordination promote healthy developmental trajectories.3

A very common and useful way of describing and in-
terpreting how children and adolescents change their PF 
is to align them in chronological age groups.4 Yet, it is 
also well known that adolescents vary in the timing and 
tempo of their biological maturation,5 meaning that the 
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Abstract
This study aimed to (1) estimate age-at-mid-growth spurt (age-at-MGS) in Portuguese 
boys from two different regions—the Azores islands and Viana do Castelo, and (2) 
identify spurts in a variety of physical fitness (PF) components aligned by age-at-
MGS in the two samples. A total of 176 (Azores, n = 91; Viana do Castelo, n = 85) 
boys aged 6 years old were followed annually to 10 years of age. Age-at-MGS and 
spurts in PF components (speed, explosive muscular strength, abdominal muscular 
strength, agility, and flexibility) were identified for each sample. The timing and 
intensities of the spurts were estimated using a non-smooth mathematical proce-
dure. In Azorean boys, age-at-MGS occurred at 7.8 years (6.99 cm y−1), whereas 
in Viana do Castelo it occurred at 7.9 years (6.20 cm y−1). Spurt in speed was at-
tained 12 months after the MGS in both samples (0.53 and 0.35 cm y−1 in Azores 
and Viana do Castelo, respectively), whereas spurts in explosive muscular strength 
and flexibility occurred 12 months before the MGS and at the MGS (Azores: 21.59 
and 5.52 cm y−1 and Viana do Castelo: 14.12 and 2.5 cm y−1, respectively). Agility 
and abdominal muscular strength peaked between 0 and 12 months after the MGS 
(Viana do Castelo: 0.37 m s−1 y−1 and 6.71 reps y−1 and Azores: 0.28 m s−1 y−1 and 
19.36 reps y−1, respectively). Results indicate that developmental spurts in explosive 
strength and flexibility occur before, or are coincident with, the mid-growth spurt in 
height, whereas spurts in speed, agility, and abdominal muscular strength occur after, 
or coincident with, the mid-growth spurt in height.
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interpretation of PF changes based on their biological sta-
tus, or biological age, may be of a greater significance and 
far more encompassing than just describing chronological 
age-related changes.

The plotting of adolescent height velocity curves aligned 
by individual ages-at-peak height velocity (age-at-PHV) by 
Frank Shuttleworth6 allowed for a better understanding of 
spurts in other bodily measurements,5 and if these had in-
terpretable sequences across populations.7,8 This practice 
has also been transposed to PF research to best understand 
boys´ and girls´ developmental spurts in VO2max,

9 muscu-
lar strength,10 and various other performance measures.11 
Notwithstanding the relevancy of these reports, adolescent 
boys’ and girls’ spurts and sequences vary across studies. 
Further, and so far as we know, no one has ever been able 
to report, from different samples from the same population, 
similar results. Further research in this area is required for 
putative explanations to be developed.

The practice of aligning distinct growth, physiolog-
ical, and performance measures by biological age (eg, 
age-at-PHV, a well-known biological maturation marker) 
has previously been summarized by Beunen, Malina.11 
Such curves can be derived by numerous methodologies 
such as those described by the Preece-Baines model,12 and 
the infancy, childhood, and puberty mathematical model 
(the ICP-model).13 However, the disadvantage of using 
these models during childhood is that they only describe 
the adolescent growth spurt, with its most relevant param-
eter—the age-at-PHV. This is problematic as there is an-
other spurt in statural growth, the mid-childhood growth 
spurt (MGS), first identified in 1915.14 Recently, Butler, 
McKie, Ratcliffe15 described its apparent cyclical nature 
using more flexible mathematical models.16,17 The MGS 
refers to a relatively small and transient increase in growth 
velocity observed in most children, but not necessarily all, 
between 6 and 10 years.14 The MGS has been shown to be 
governed by genetic factors.18 In addition, available infor-
mation concerning hormonal data strongly suggested that 
the MGS can also be considered as a biological age marker 
during childhood19 in a similar way to the current practice 
of using age-at-PHV during adolescence.

In a recent report,20 we investigated how different markers 
of children's gross motor coordination unfolded when chil-
dren were aligned by age-at-MGS and found not only were 
there sex differences but also these markers had their own 
timing in terms of peak spurts. More specifically, we reported 
that in boys, spurts in walking backward and hopping on one 
leg were occurring 18 months before the MGS. In contrast, 
shifting platform occurred 12 months prior to the MGS and 
jumping sideways occurred 12 months after attainment of the 
MGS.

To our knowledge, no one has yet explored the pos-
sibility that such spurts may exist during children's PF 

development. Further, it is unknown if in different samples 
from the same population similar spurts could be identi-
fied. Specifically, it is unknown if the timing and tempo of 
such spurts were relatively alike within and between indi-
viduals. In any case, we also contend that these spurts may 
be linked to fundamental motor skill development. This is 
important as such spurts may increase the efficiency with 
which individuals perform daily activities. Further, it has 
been suggested that children's PF has positive links with 
health-related habits and behaviors, act synergistically with 
body weight status, and may attenuate the emergence of 
obesity in children.21

The aforementioned trajectories of growth, maturation, 
and motor development are continuous and intertwined. 
Although their sequences are apparently consistent among 
children, they differ considerably in terms of timing and 
tempo.4 The identification of PF spurts during mid-child-
hood may provide relevant information for physical educa-
tion teachers and sport coaches. This is particularly relevant 
during sensitive periods of a child's development when 
growth and maturation intertwine with patterns of differen-
tial change in PF components. This body of knowledge is es-
sential to provide putative guidelines when developing and 
tailoring intervention programs. Such interventions should 
not just be based on a child's chronological age but also on 
their different growth and maturation statuses. Identification 
of the timing of PF spurts will enable those working with 
them to adjust individual programs to improve a child's motor 
development.

Hence, the aims of this paper were to (1) estimate the age 
of occurrence of the MGS (age-at-MGS) in Portuguese boys 
from two different regions—the Azores islands and Viana do 
Castelo, and (2) identify spurts in a variety of PF components 
aligned by age-at-MGS. Our hypotheses were as follows: (1) 
The mean age-at-MGS will be dependent on region, and (2) 
PF spurts aligned by age-at-MGS will be specific to each PF 
component but their pattern will be similar between regions.

2  |   MATERIAL AND METHODS

2.1  |  Participants

The current study sample was derived from two studies con-
ducted in two regions of Portugal: Azores (islands) and Viana 
do Castelo (northern mainland). Table  1 compares partici-
pants’ body size at 6 years of age, their sociodemographics, 
and some natural environment characteristics between Azores 
and Viana do Castelo. Height and weights at 6 years of age 
were similar between the populations. Although the Viana de 
Castelo population density was greater, family dimensions 
were similar as were parental educational levels. The Azores 
had a greater mean temperature but lower rainfall.
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2.1.1  |  Azores data

The Azores islands are located in the Atlantic ocean (between 
36°-43° North latitude, and 25°-31° West longitude), and the 
data used in this report came from a mixed-longitudinal study 
(2002-2006) conducted in this region aiming to investigate 
the links between growth, body composition, biological 
maturation, motor performance, gross motor coordination, 
physical activity, motivation for sports, socioeconomic sta-
tus, and school characteristics.22 The study selected four 
age-cohorts, with an overlapping year, were measured an-
nually and followed consecutively over 4-5 years (6-10; 10-
13; 13-16; 16-19 years), with ~250 subjects per cohort (125 
per sex). We used a random and proportional sample within 
each age group from the four main islands of the archipelago 
(S. Miguel, Terceira, Faial, and Pico) because they represent 
80% of the total schooling population of the region. Data 
were obtained from cohort 1, from the original sample of 
143 boys. Complete information for all variables was avail-
able in 91 participants (6.43 ± 0.30 years of age at baseline). 
Written informed consent was obtained from legal guardians, 
and the project was approved by the Ethics Committee of the 
University of Porto and school authorities.

2.1.2  |  Viana do Castelo data

Viana do Castelo is located in the northern mainland of Portugal 
(41° 42′ North Latitude, and 8° 49′ Longitude), and the data 
originated from a longitudinal study (1997-2000) conducted in 
children aged 6 years who were followed consecutively until 
10  years of age.23 Similar to the Azorean study, data were 
randomly and proportionally selected from 15 schools of dif-
ferent Viana do Castelo parishes, with children assessed once 
per year.24 The morphofunctional study of Viana do Castelo 
children23 investigated their physical growth and PF. The origi-
nal sample consisted of 472 children (239 boys). In the present 
analysis, complete data for all variables were available for 85 
male participants (6.85 ± 0.36 years old at baseline). Written in-
formed consent was obtained from legal guardians, and the pro-
ject was approved by the Ethics Committee of the Polytechnic 
Institute of Viana do Castelo and school authorities.

2.2  |  Azores and Viana do Castelo 
measurements

Height was measured with the child's head positioned in the 
Frankfurt plane, using a portable stadiometer (Siber Hegner 
for Azores and GPM model 101 for Viana do Castelo) to the 
nearest 0.1 cm.

Physical fitness (Table 2) was assessed using the follow-
ing tests taken from the Fitnessgram battery,25 the American 
Alliance for Health, Physical Education, Recreation and 
Dance (AAHPERD) battery,26 and the Eurofit battery27: 
(1) Speed was obtained via a 50 yard dash (Azores data) 
and 50 m dash (Viana do Castelo data), where participants 
ran this distance in the shortest time possible; (2) explosive 
muscular strength was assessed with standing long jump 
tests (both Azores and Viana do Castelo data) where partici-
pants jumped as far as possible from a standing position; (3) 
abdominal muscular strength was assessed via curl-up test 

T A B L E  1   Samples means at 6 years of age for body size, 
sociodemographic, and natural environmental characteristics in Azores 
and Viana do Castelo

Azores Viana do Castelo

Mean ± SD Mean ± SD

Sample characteristics

Weight (kg) 24.1 ± 4.7 24.1 ± 4.3

Height (cm) 118.2 ± 5.0 120.1 ± 4.9

Body mass index (kg/m2) 17.2 ± 2.4 16.6 ± 2.1

Sociodemographic 
characteristics

Population density 
(people·km2)

104.2 173.2

Mean family dimension 
(number of persons)

3.3 3.0

Education % %

<Grade 12 84.9 81.9

Grade 12/diploma/
technical qualification

9.9 11.9

University level 5.2 6.2

Natural environmental 
characteristics

Temperature (mean) 17.5 15.2

Number of days without rain 157 199

T A B L E  2   Motor performance components and tests used in 
Azores and Viana do Castelo studies

Azores tests
Motor performance 
components

Viana do 
Castelo tests

50 yard dash Speed 50 m dash

Standing long jump Explosive muscular 
strength

Standing long 
jump

Curl-ups Abdominal muscular 
strength

Sit-ups

4 × 9 m shuttle run Agility 4 × 10 m shuttle 
run

Trunk lift Trunk extensor/
hamstring flexibility

Sit-and-reach
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where participants correctly performed as many curl-ups as 
possible (with a maximum of 75 repetitions)—Azores data, 
and via sit-ups where participants correctly performed as 
many sit-ups as possible in 30  seconds—Viana do Castelo 
data; (4) agility was assessed with the shuttle run test—all 
participants ran as fast as possible from the starting line 9 m 
(Azores data), and 10 m (Viana do Castelo data) away where 
two small wooden blocks were placed, picked-up one of the 
blocks, returned to the starting line, placed the block on the 
line, and then repeated the route; (5) flexibility was assessed 
with the trunk lift test, with children lying in a prone posi-
tion, lifted the trunk as much as he/she could (Azores data); 
in Viana do Castelo the sit-and-reach test was used, with 
children sitting on the floor with legs stretched out straight 
ahead without shoes, with the palms facing downwards, and 
the hands on top of each other or side by side, the participant 

reached forward along the measuring line as far as he/she 
could.

2.3  |  Data analysis

The MGS in stature was estimated separately in each sam-
ple, as well as the occurrence of PF spurts with tests aligned 
by age-at-peak MGS. We adapted the methodology initially 
developed by Van't Hof, Roede, Kowalski,28 later applied 
to growth and PF of Belgium boys who were followed an-
nually from 12 to 18 years,11 as well as in Spanish youth.29 
This methodology remains valid during the MGS, if the fol-
lowing conditions are satisfied: (1) the presence of a real 
spurt, that is, an increase in velocity, (2) a specific slowdown 
of growth velocity after the peak, and (3) the presence of 

T A B L E  3   Mean constant curves for height and motor performance velocities aligned by age-at-MGS of Azorean and Viana do Castelo boys 
(peak velocities are in bold)

Variables

Months from MGS

−18 −12 −6 0 6 12 18

Azores

Height (cm y−1) mean 4.77 4.40 5.19 6.20 5.39 4.65 5.05

n 9 63 63 82 73 73 19

50 yard dash (m s−1 y−1) mean 0.39 0.39 0.33 0.41 0.40 0.53 0.36

n 6 35 46 41 50 40 11

Standing long jump 
(cm y−1)

mean 5.34 21.59 13.49 16.04 13.35 16.15 13.22

n 7 28 41 34 44 29 12

Curl-ups (reps y−1) mean 1.97 4.16 9.66 15.01 12.17 19.36 9.19

n 5 40 45 41 41 28 9

Shuttle run (m s−1 y−1) mean 0.18 0.21 0.17 0.19 0.19 0.28 0.18

n 2 24 30 30 33 22 15

Trunk lift (cm y−1) mean 2.05 5.52 4.13 5.06 3.05 3.44 3.07

n 5 34 44 35 43 28 10

Viana do Castelo

Height (cm y−1) mean 4.95 4.21 5.55 6.99 5.62 4.25 4.98

n 17 25 25 85 68 68 60

50 m dash (m s−1 y−1) mean 0.31 0.35 0.27 0.29 0.28 0.35 0.27

n 17 18 20 54 56 35 47

Standing long jump 
(cm y−1)

mean 12.24 14.05 10.09 14.12 11.90 9.48 6.90

n 15 17 20 63 59 44 42

Sit-ups (reps y−1) mean 4.60 4.84 3.71 6.71 5.87 6.14 4.62

n 14 14 20 60 59 45 44

Shuttle run (m s−1 y−1) mean 0.33 0.31 0.25 0.37 0.31 0.24 0.18

n 16 23 18 74 65 61 41

Sit-and-reach (cm y−1) mean 1.52 0.91 2.01 2.5 1.81 1.88 1.37

n 7 9 6 24 23 19 4
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reduced measurement error in all variables, that is, reliable 
data. If these assumptions were not met, a MGS was not 
identified. Given that each individual child has his/her own 
height growth velocity curve as well as in all PF tests, mean 
constant curves were obtained for PF data aligned by age-at-
MGS. Hence, the possibility to compute mean PF velocity 
values before and after age-at-MGS, that is, −18, −12, −6, 
and +6, +12, +18 months from the mid-growth maximum 
velocity is marked as 0. A generalization of the methodol-
ogy was developed by a University of Porto mathematician, 
who also developed the software to conduct all analyses. This 
generalization was successfully applied to identify spurts in 
children's gross motor coordination.20 Graph pad Prism v8 
software was used to produce all figures.

3  |   RESULTS

Mean constant curve height and PF velocities aligned by age-
at-MGS are presented in Table 3 and displayed graphically 

in Figure  1. The assumptions of the MGS models were 
met in 90% of the Azorean sample and 100% in the Viana 
do Castelo sample. In Azorean boys, the MGS was identi-
fied to be occurring at 7.8  years, whereas in the Viana do 
Castelo boys it was at 7.9 years. No significant differences 
were found between the two samples (P > .05). Further, at 
the MGS occurrence the velocity was 6.99 cm y−1 in Viana 
do Castelo boys, while in Azorean boys it was 6.20 cm y−1. 
These were statistically significant differences (95% CI for 
the difference: 0.49 to 1.09 cm; t(165) = 5.14, P < .01). As 
noted, the number of available data points for each test within 
each location differed but followed a relatively similar pat-
tern. The lowest are found at the time extremes (−18 months 
and +18 months) and the highest are within a twelve-month 
boundary around age-at-MGS. In speed, Azorean boys had 
their spurt (0.53 m s−1 y−1) 12 months after the MGS, whereas 
in Viana do Castelo boys two similar spurts (0.35 m s−1 y−1) 
were identified at −12  months from MGS and 12  months 
after. In the explosive muscular strength (standing long jump), 
Azorean boys had their spurt (21.59 cm y−1) at −12 months 

F I G U R E  1   Mean constant velocity curves for height and all physical fitness tests in Azorean (continuous line/filled circle) and Viana do 
Castelo boys (dashed line/open circle)
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before age-at-peak MGS, but Viana do Castelo boys had 
two peaks at −12  months (14.05  cm  y−1) and coincident 
with age-at-MGS (14.12 cm y−1). Sit-ups/curl-ups’ (abdomi-
nal muscular strength) peaks manifested 12  months after 
age-at-MGS in Azoreans (19.36 reps  y−1), while Viana do 
Castelo boys showed two similar peaks, one coincident with 
age-at-MGS (6.71 reps y−1) and the other 12 months after it 
(6.14 reps y−1). Peaks in agility are apparent at age-at-MGS 
in Viana do Castelo boys (0.37 m  s−1  y−1) and 12 months 
after it in Azoreans (0.28 m s−1 y−1). Flexibility peak spurts 
are different in Azoreans (−12 months before age-at-MGS, 
5.52 cm y−1) from Viana do Castelo boys (2.5 cm y−1 coinci-
dent with age-at-MGS).

4  |   DISCUSSION

In the present study, we examined the timing, tempo, and se-
quence of the MGS aligned to a variety of PF components. 
To our knowledge, this is the first time that such spurts and 
sequences have been identified in Portuguese children, and 
in doing so, we believe that these results provide useful in-
formation for physical education teachers and sport coaches 
to better understand the development of children's PF during 
their school years. During mid-childhood, one of the main 
aims is to provide ample opportunities for children to develop 
their fundamental motor skills. In addition, it is important to 
improve their PF levels, that is, extend their motor repertoire 
while engaging in physical activities and sport. Importantly, 
those working with children during this time need to be 
aware that sensitive periods, or windows of opportunity, for 
each PF component are present and thus a need to consider 
the joint effects of differential physical growth and biologi-
cal maturation are required. Hence, it is expected that those 
working with children will provide children with enriching 
learning opportunities and provide environments that prompt 
the timely development of these components. The age-at-
MGS was identified in all Viana do Castelo children and in 
90% of the Azorean children. This may due to the fact that 
the MGS may not be experienced by all children,30 or that 
some may have experienced two or three spurts, as argued by 
Butler, McKie, Ratcliffe.15 Another explanation is that an-
nual measurements may have limited the estimation of the 
MGS, although previously Gasser, Kneip, Binding, Prader, 
Molinari31 accurately determined MGS in boys and girls who 
participated in the First Zürich Longitudinal Growth Study 
through annual measurements from 24 months to 9 years.

The timing of the MGS was relatively similar in both 
Portuguese samples (~7.8  years), but the peak was signifi-
cantly higher in children from Viana do Castelo compared to 
Azores (6.9 vs 6.2 cm y−1, respectively). Similar values have 
been identified in Scottish19 (7.0 years, peak = 6.7 cm y−1), 
Swiss31 (7.7 years, peak = 6.4 cm y−1) and US23 (6.2 years, 

peak = 6.6 cm y−1) children. On the face of it, we contend 
that the slight differences of timing and intensity of the MGS 
may reflect real biological variation, sampling specificities, 
or the use of distinct mathematical methods to estimate these 
performance characteristics. It has also been suggested that 
the MGS is linked to a cascade of hormonal factors,32 but 
care must be taken when linking this growth event to adren-
arche (the physiological increase of adrenal androgen secre-
tion) in healthy children.33

Aside from the small differences in age-at-MGS among 
groups, we found that spurts in explosive muscular strength 
and flexibility occurred before or were coincident with age-
at-MGS, whereas in abdominal strength and agility they took 
place at the same time or after age-at MGS. Additionally, in 
the speed component, Azorean boys’ spurts occurred after 
age-at MGS, whereas in Viana do Castelo had two similar 
spurts—one before and one after age-at MGS.

Unfortunately, we were unable to locate any other study 
reporting PF spurts during childhood using biological age 
as their reference frame,34-36 which makes it impossible to 
make any comparisons with the existing literature. In any 
case, previous chronological age-based results from either 
cross-sectional or longitudinal data showed successive mean 
increases, or positive mean differences in all PF components 
across time, which may suggest that their unfolding may be 
somewhat synchronous.34-36 Yet, PF development aligned by 
age-at-MGS showed a different picture. We can only specu-
late that the differences in the timing and intensity of spurts 
may have occurred due to differences in physiological, hor-
monal, and neuromuscular mechanisms. The difference could 
also be linked to disparities in the refinement of motor skills 
and their kinematics.

Previous studies examining the mechanisms associated 
with explosive muscular strength development, more spe-
cifically those involved in the standing long jump (SLJ), 
have suggested that during childhood, muscular strength 
is strongly influenced by neuromuscular capacity allowing 
for rapid production of muscular force. In one such study, 
Waugh, Korff, Fath, Blazevich37 showed that age-related 
increases in tendon stiffness combined with muscle activa-
tion rate accounted for 61% of the rate of force development, 
highlighting the role of both neural and mechanical develop-
ment of rapid force production during childhood. In line with 
the above, Fernandez-Santos, Gonzalez-Montesinos, Ruiz, 
Jiménez-Pavón, Castro-Piñero38 showed that both the take-
off distance and the take-off speed in a kinematic analysis 
of the standing long jump (SLJ) accounted for most of the 
variation in the SLJ in children aged 6 to 12 years. It seems 
that to attain success, children need to develop their levels 
of proficiency in the coordination of leg and arm action si-
multaneously.39 However, although the relationship between 
these parameters has not been addressed, studies indicate 
that around 6 and 7 years of age children have the potential 
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to perform SLJ proficiently.40 More specifically, given that 
children from 6 to 7 years show proficiency in performing 
the SLJ in terms of quality of movement this may affect a 
higher development rate before or coinciding with the MGS. 
These results agree with previous studies describing a strong 
relationship between FMS proficiency PF development.41,42

In a review of the research related to flexibility, assessed 
with different tests, Dantas et al43 reported that this PF com-
ponent is affected by a set of proprioceptive mechanisms 
linked with the relationships between bone, muscle, and joint 
structure. During childhood, the rate of bone growth is not 
parallel to that of the ligamentous and capsular tissues.44 A 
possible explanation for a peak before/coincident and lower 
spurt change after age-at-MGS might be due to an increase 
in muscle-tendon tightness over the joint and a faster bone 
growth compared to muscles growth and stretching capacity.

Speed and agility are components of PF highly dependent 
on neuromotor mechanisms. Notwithstanding, performance 
in speed is related to the capacity of the fast-straight sprint 
and agility involves running and turning (shuttle) at maxi-
mum speed.4 According to Sheppard, Young45 a better per-
formance in these motor tests depends on physical demands 
(muscle strength), cognitive processes (motor learning), and 
technical skills (biomechanics). The development of mus-
cle strength and other physiological functions (eg, myelin-
ation) seems to be more closely related to biological age 
than chronological age. It has also been reported that speed 
and agility are a product of stride length and frequency.46 
The complexity of these intertwined mechanisms affecting 
performance in speed and agility linked to the accelerated 
growth of the body extremities (eg, arms and legs) can act as 
constraints in the motor developmental process,47 requiring 
children to need more time to adapt to changes in body mass 
and acquire motor competence in certain skills.

For abdominal muscular strength, a neuromotor control of 
the hip extensors and flexors, pelvis, rectus, trunk, and spinal 
muscles are expected to occur. A related factor to the expres-
sion of muscular strength in children is the development of 
the nervous system. As the nervous system develops, children 
tend to improve their postural control.48 Our results might 
indicate that these neuromotor demands for abdominal mus-
cular strength may have a spurt coincident/after age-at-MGS 
and explain higher growth velocity in this component during 
this period.

In summary, our results illustrate the importance of un-
derstanding the intricate relationships between growth, mat-
uration, and PF development during mid-childhood. More 
specifically, we showed that the MGS is an important bio-
logical marker in identifying putative sensitive periods of 
the development of children's PF. The period between 6 and 
10 years of age appears to be a transitive period, marked by a 
higher degree of plasticity in neuromuscular function, which 
supports a concurrent development of PF components along 

with other motor skills coincident with the first spurt in stat-
ure. Explosive muscular strength and flexibility spurts occur 
between twelve months prior to MGS and the attainment 
of MGS, in contrast, speed, abdominal muscular strength, 
and agility spurts occur at MGS to 12  months after MGS 
attainment. Although putative sensitive periods for PF de-
velopment are usually related to chronological age, future 
research is expected to scrutinize the combined effects of 
both chronological and biological age, as well as body size 
on motor proficiency during middle childhood. These results 
may heighten sports´ coaches and physical educators’ aware-
ness regarding alleged sensitive or windows of opportunity 
for developing children's PF within a lifespan perspective. 
Further, physical education teachers and sport coaches need 
to always consider the intertwined bonds between growth and 
maturation that shape children's motor development. Thus, a 
more accurate knowledge regarding the “what,” “why,” and 
“when” children are capable, or not, to perform PF tasks in 
terms of patterned movements and skills, requires a focus on 
their underlying processes rather than PF results alone. This 
way such professionals will be more equipped to provide ad-
equate learning environments and conditions linked to chil-
dren's intra- and inter-individual differences. This in turn will 
allow for more adequate positive instructional feedback that 
can impact children's development of healthy trajectories. 
This study is not without limitations. First, we only focused 
on apparently healthy and normal growing and developing 
boys. Second, two different samples from the same country 
were used (mainland and Azores islands). Although they 
were not representative of all Portuguese regions, in each 
study children were randomly and proportionally selected 
from regional schools and islands. Hence, care must be taken 
when trying to generalize the results. Further, we also caution 
readers for putative differences among children of the two re-
gions, although to address this differential issue a completely 
distinct approach would be required in terms of aims and hy-
pothesis as well as in the statistical analysis, based on the 
multilevel model, with its manifold testing strategies.

Third, in the same PF components, different tests were 
used to assess them, but this was contingent on data avail-
ability as well as on how each study operationalized their 
PF assessments. Fourth, we only have assessments of PF 
at yearly intervals. It is possible that using half-year as-
sessments would provide a more accurate estimation of 
PF spurts. However, over short intervals of assessment a 
learning effect in performing each test could occur which 
makes it difficult to distinguish between the test-retest ef-
fects and the true change. In the future, we suggest rep-
licating this study with larger samples including girls to 
verify if timing and intensity in each spurt are sex-specific. 
Further, we encourage to also consider lifestyle behaviors 
(eg, physical activity levels) as well as environmental char-
acteristics (eg, urban versus rural samples) to investigate 
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whether differences in spurts’ timing and intensity depend 
on them. Finally, we hearten interested researchers to also 
include longitudinal data on fundamental movement skills 
to attest if their putative spurts are coincident, or not, with 
PF spurts.

5  |   PERSPECTIVE

The study findings suggest a mid-growth spurt in stature is ob-
served in boys at ~8 years of age and this is considered an im-
portant biological developmental milestone. Moreover, there 
is an association between the timing of this spurt and peak 
velocities occurring in different physical fitness components. 
Motor development programs targeted for children could con-
sider this information. It was found that explosive muscular 
strength and flexibility developmental spurts occurred before 
or were coincident with the MGS; spurts in speed, agility, and 
abdominal muscular strength occurred after or coincident with 
MGS. Our results suggest that these fitness components can 
potentially be integrated in physical education and sports pro-
grams for children aged 6-8 years given what is now known 
from evidence-based research. Indeed, physical education 
teachers and sports coaches should design adequate programs 
encouraging muscular strength and flexibility development at 
early ages, that is, before or coincident with children's peak 
spurt (≤8 years old), as these periods encompass fruitful win-
dows of opportunity for developing these PF components. 
Furthermore, a variety of motor tasks linking speed, agility, 
and abdominal muscular strength can also be emphasized 
after or coincident with the children's peak spurt (≥8 years 
old) given that it is known that no harm is to be expected in 
the growing musculo-skeletal system. However, future stud-
ies need to explore the impact of such early interventions on 
children's physical fitness and motor competence.
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