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ABSTRACT
We aim to (1) estimate age of attainment of the peak mid-growth spurt in stature (age-at-peak MGS) in 
pre-adolescent boys and girls; (2) identify the timing, intensity, and sequences of physical fitness (PF) 
spurts aligned by the age-at-peak MGS; and (3) identify any sex differences in PF spurts aligned by age-at- 
peak MGS. The sample included 180 Portuguese children (90 girls) aged 6 to 10 years at study entry who 
were followed annually for 4 years. Height, health-, and performance-related PF were assessed. Age-at- 
peak MGS and PF spurts were estimated using a non-smooth mathematical procedure. Boys’ and girls’ 
age-at-peak MGS occurred at 7.8 ± 0.47 years and 8.0 ± 0.72 years, respectively. PF spurts’ timing aligned 
by age-at-peak MGS were as follows: (1) before age-at-peak MGS: boys – static strength, aerobic capacity, 
explosive leg strength, and flexibility; girls – speed, agility, aerobic capacity, and upper body strength; (2) 
coincident with age-at-peak MGS: girls – explosive leg strength and flexibility; (3) after age-at-peak MGS: 
boys – abdominal strength, upper body strength, agility, and speed; girls – abdominal strength and static 
strength. Boys and girls attained their MGS at relatively similar ages. However, the timing and sequences 
of PF spurts, aligned on age-at-MGS, were different between boys and girls.
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Introduction

Growth involves measurable changes in body size and compo
sition with advancing age, whereas biological maturation refers 
to progress towards the mature state. There are four distinct 
phases of growth during childhood and adolescence: rapid 
growth in infancy, steady growth in childhood, rapid growth 
in adolescence, and slow growth as emerging adulthood 
approaches. The acceleration during adolescence is known as 
the adolescent growth spurt and is assessed by identifying the 
age when peak height velocity (PHV) occurs. This maturational 
milestone occurs in all children, though it varies in intensity and 
duration between and within the sexes. The importance of 
aligning adolescent growth (Boas, 1892a; Boas, 1892b, 1892c; 
Shuttleworth, 1937) and physiological (Geithner et al., 2004; 
Mirwald et al., 1981) data on age-at-peak height velocity (age- 
at-PHV) to control for maturational timing has long been recog
nized. The timing, intensity, and sequence of these growth 
spurts are important for auxologists and paediatricians (Cole, 
2020; Tanner, 1962) and paediatric exercise physiologists 
(Rowland, 2005; Rutenfranz, 1986). Furthermore, aligning phy
sical fitness (PF) data on age-at-PHV is also critical for physical 
education teachers and sport coaches to understand the 
dynamics of adolescent growth spurts’ performance outcomes.

In addition to the well-known adolescent growth spurt, 
a mid-childhood growth spurt in stature (MGS), or juvenile 
growth spurt, has also been described. The intensity of the 

MGS is a relatively small transient increase in growth velocity, 
compared to the adolescent growth spurt (Malina et al., 2004). 
The MGS is observed in most children, but not necessarily in all, 
and usually occurs between 6 and 10 years of age (Robertson, 
1915). The MGS has a long history, first being described in 1915 
(Robertson, 1915). Since then, the MGS has been described in 
children from various countries (Berkey et al., 1983; Bock & 
Thissen, 1980; Butler et al., 1990; Gasser et al., 1991, 1985; 
Stützle et al., 1980). The MGS is regulated by the orchestration 
of several hormones (Lejarraga, 2012; Muhl et al., 1992), and its 
genetic architecture has been described previously (Towne 
et al., 2008). We documented the emergence of the MGS in 
Portuguese boys and girls aged 6 to 9 years and explored the 
relationship of the MGS with gross motor coordination spurts 
(GMCS), finding sex differences in timing, intensity, and 
sequence of GMCS (Dos Santos et al., 2019).

In boys, it has been found that developmental spurts in 
explosive strength and flexibility occur before or coincident 
with the age-at-peak MGS. In contrast, boys’ spurts in running 
speed, agility, and abdominal muscular strength occurred after 
or coincident with age-at-peak MGS (Pereira et al., in press). 
What is less well known is if the MGS in girls is also related to PF 
spurts (e.g., muscular strength, flexibility, agility, running speed, 
and endurance)? This is important for teachers and coaches 
when dealing with children in physical education classes, in 
their learning processes of sport-specific skills, and in training 
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their motor abilities. Hence, this study aims to: (Shuttleworth, 
1937) identify the age of attainment of the MGS; (Boas, 1892a) 
ascertain the timing, intensity, and sequences of PF spurts in 
relation to age-at-peak MGS; and (F. Boas, 1892b) test for sex- 
differences in PF spurts aligned by age-at-peak MGS.

Material and methods

Participants

Data for this study came from children participating in a mixed- 
longitudinal study of growth, biological maturation, gross 
motor coordination, physical activity and physical fitness, 
body composition, and motivation for sport, conducted in the 
Azores Islands (Maia et al., 2003). The Azores archipelago is 
located in the middle of the Atlantic Ocean (latitude 37° e 40° 
N and longitude 25° e 31° W) and has 9 islands. Four of them (S. 
Miguel, Terceira, Faial and Pico) have ~80% of the total popula
tion of the archipelago. A stratified and random sample of 1159 
subjects served as participants in this study. Data collection was 
initiated in 2002 with participants divided into four age-cohorts 
: cohort 1 from 6 to 10 years, n= 285; cohort 2 from 10 to 
13 years, n= 277; cohort 3, from 13 to 16 years, n= 319; cohort 
4, from 16 to 19 years, n= 278). The age cohorts had a one-year 
overlap and were followed consecutively over four years until 
2007.

In the present paper we used data from cohort 1 comprising 
180 children (90 girls) measured serially from 6.46 years (at 
baseline) to 9.46 years of age; all participants had complete 
data on anthropometry, body composition and motor perfor
mance. Between 2002 and 2007, Azorean schools did not have 
regular physical education classes nor any systematic sports 
programmesfor these children. Whenever possible, children 
participated in periodically organized physical activities, but 
not on a regular basis.

No statistically significant mean differences in anthropome
try and PF tests were observed between those included in the 
present study and those excluded, i.e., those with missing data. 
The Azorean Government Board of Education and the 
Government Directorate of Sports approved the study and 
the Ethics Committee of the Faculty of Sport, University of 
Porto. Written informed consent was acquired from legal guar
dians for all participants.

Anthropometry

Height and weight were measured using standardized proto
cols (Lohman et al., 1988). Height was measured with a portable 
stadiometer (Siber Hegner, Switzerland) to the nearest 0.1 cm. 
Weight was measured to the nearest 0.1 kg with a portable 
Seca scale (Seca Optima 760, Germany).

Physical fitness

The following markers of PF were assessed: muscular strength, 
flexibility, running speed, agility, and aerobic capacity (Table 1). 
Prior to the assessments, children had 10 minutes of general 
warm-up, conducted by a physical education teacher. All tests 
were explained in detail and trial opportunities offered to the 

participants to understand the demands of each task. Tests 
were administered in the schools and followed the same 
order: Day 1 50-yard dash, handgrip strength, shuttle-run, 
standing long jump and 1-mile run/walk; Day 2 push-ups, 
trunk-lift, curl-ups and the 1-mile run/walk only for the batch 
of children who could not do it in day 1. Between tests and trial 
sufficient rest occurred. All measurements and tests occurred 
annually, during a 2-month period in September and October, 
to reduce potential seasonal variations.

We used well-known and extensively described test bat
teries (AAHPERD, 1976; EUROFIT, 1988; FITNESSGRAM, 1994) 
to assess performance- and health-related fitness components:

Performance-related tests: (i) Handgrip strength (static strength; kgf) 
was measured using a hand-held dynamometer (Takei Digital Grip 
Strength Dynamometer, Model T.K.K.5401, Tokyo, Japan). 
Participants squeezed the dynamometer gradually and continu
ously, for at least 5 seconds, and were encouraged to use maximum 
isometric effort. Two trials were allowed, separated by a 3-minute 
rest and the highest result recorded. (ii) Standing long jump (explo
sive leg strength; cm) was performed by having participants 
attempt to jump as far as possible, landing on both feet without 
falling backwards, with the distance covered measured; three trials 
were allowed and the longest result recorded. (iii) 50-yard dash 
(speed; m·s−1) was completed by having participants run 50-yards 
as fast as possible and the time was measured in two trials, and the 
fastest result recorded. (iv) Shuttle-run (agility; m·s−1) was completed 
by having participants run as fast as possible from a starting line to 
a set of blocks on the floor placed 9 m away from the starting line; 
participants picked up a block and returned to the starting line, then 
return to pick up a second block, this was repeat until all blocks were 
retrieved. The time taken for the task was measured over two trials, 
and the fastest time recorded.

Health-related tests: (i) Push-ups (upper body strength; n) were 
assessed by having participants start with their hands and toes 
touching the floor, their arms at shoulder-width apart and their 
body and legs in a straight line, participants then lowered their 
body to a 90° elbow angle and performed as many repetitions as 
possible, with a maximum of 75 repetitions. The number of push- 
ups from a single trial were recorded. (ii) Curl-ups (abdominal 
strength and endurance; n) were performed by having participants 
begin by lying on their back, knees bent, feet flat on the floor, arms 

Table 1. Physical fitness components, tests and batteries.

Component Test Battery

Performance-related fitness
Muscular strength
Static strength Handgrip (kgf) EUROFIT (1988)
Explosive leg strength Standing long jump 

(cm)
AAHPERD (1976)

Speed
Running speed 50 yard dash (m·s−1) AAHPERD (1976)
Agility
Shuttle run Shuttle run (m·s−1) AAHPERD (1976)
Health-related physical 

fitness
Muscular strength
Abdominal strength Curl-up (reps) FITNESSGRAM 

(1994)
Upper body strength Push-up (reps) FITNESSGRAM 

(1994)
Flexibility
Trunk extensor Trunk lift (cm) FITNESSGRAM 

(1994)
Aerobic capacity
One mile run/walk One mile run (m·min−1) FITNESSGRAM 

(1994)
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straight and parallel to the trunk, and complete as many curl-ups as 
possible, with a maximum of 75 repetitions. The number of curl-ups 
from a single trial were recorded; (iii) Trunk-lift (flexibility; cm) was 
performed by having participants lay in a prone position, and then 
get them to lift their trunk as far as they could, and the distance from 
the floor was measured. The distance from a single trial was 
recorded. (iv) 1-mile run/walk test (aerobic capacity; min) was com
pleted by having participants ran/walk 1609 meters and measure 
the time it took. The time from a single trial was recorded.

Data quality control

Data quality control was completed through various means. 
First, all assessment team members were systematically trained 
by the principal investigator of the study. Second, a pilot study 
was conducted, supervised by the principal investigator, to 
verify the quality of all data collection. Third, a series of routines 
were implemented in database management. Using 
FileMakerPro (FileMaker, Inc., USA) software, cross-checking of 
data entry and data elements, and automatic controls to ensure 
values were not outside known ranges. Fourth, in all weekly 

assessments, a random sample of 5–10 subjects were re- 
assessed for in-field reliability controls. Technical-error of mea
surement for girls was found to be 0.4 cm for height and 0.4 kg 
for weight. Further, ANOVA-based intraclass correlations (R) for 
PF tests in boys ranged from 0.72 (95%CI = 0.30–0.89) in 1-mile 
run/walk to 0.98 (95%CI = 0.96–0.99) in handgrip, and from 0.75 
(95%CI = 0.36–0.90) in 1-mile run/walk to 0.98 (95%CI = 0.96– 
0.99) in standing long jump for girls.

Statistical analysis

We used the original methodology by Van’t Hof et al. (1976) to 
estimate age-at-peak MGS, which has been extended and 
applied to Belgium boys (Beunen & Malina, 1988), Spanish 
boys and girls, (Yague, 1998) and Brazilian boys and girls 
(Silva et al., 2019). This methodology is valid for estimating 
the age-at-peak MGS if the following conditions are satisfied: 
(i) the presence of a real spurt, i.e., an increase in velocity, (ii) 
a specific slowdown of growth velocity after the peak, and (iii) 
the presence of reduced measurement error in all variables, 

Table 2. Mean constant velocities for height and physical fitness tests, aligned by age-at-MGS in boys. Bold numbers correspond to peak spurts.

Months from MGS

Variables −18 −12 −6 0 6 12 18
Height (cm·year−1) mean 4.77 4.40 5.19 6.20 5.39 4.65 5.08

n 9 63 63 82 73 73 19
Handgrip (kgf·year−1) mean 2.81 2.24 1.94 2.09 2.07 2.35 2.47

n 9 52 56 56 59 44 14
Standing long jump (cm·year−1) mean 5.34 21.59 13.49 16.04 13.35 16.15 13.22

n 7 28 40 34 44 29 12
50 y dash (m·s−1·year−1) mean 0.39 0.39 0.33 0.41 0.40 0.53 0.36

n 6 35 46 41 50 40 11
Shuttle-run (m·s−1·year−1) mean 0.18 0.21 0.17 0.19 0.19 0.28 0.18

n 2 24 30 30 33 22 15
Curl-up (reps·year−1) mean 1.97 4.16 9.66 15.01 12.17 19.36 9.19

n 5 40 45 41 41 28 9
Push-up (reps·year−1) mean 6.92 4.88 4.78 4.96 5.86 9.40 4.58

n 7 41 43 46 39 32 8
Trunk-lift (cm·year−1) mean 2.08 5.52 4.13 5.06 3.05 3.44 3.07

n 5 34 44 35 43 28 10
One mile run/walk (m·min−1·year−1) mean 19.82 18.41 13.04 13.56 11.68 12.54 17.82

n 1 12 12 10 18 7 6

A peak spurt in 1-mile run/walk (intensity = 19.81 m·min−1·y−1) was observed for one participant at 18 months before age-at-MGS. Therefore, we considered this 
intensity as the best estimate for a peak at 12 months before age-at-MGS.

Table 3. Mean constant velocities for height and physical fitness tests, aligned by age-at-MGS in girls. Bold numbers correspond to peak spurts.

Months from MGS

Variables −18 −12 −6 0 6 12 18
Height (cm·year−1) mean 4.68 4.44 5.28 6.36 5.64 4.91 5.09

n 23 61 62 88 65 64 26
Handgrip (kgf·year−1) mean 1.86 1.84 1.71 1.98 1.84 2.16 2.05

n 22 53 58 67 59 45 21
Standing long jump (cm·year−1) mean 10.99 11.58 10.46 15.36 12.16 12.48 11.08

n 18 31 40 46 42 31 19
50 y dash (m·s−1·year−1) mean 0.41 0.40 0.32 0.30 0.28 0.33 0.35

n 20 45 48 53 52 39 19
Shuttle-run (m·s−1·year−1) mean 0.17 0.22 0.15 0.19 0.13 0.18 0.15

n 14 33 39 35 42 28 15
Curl-up (reps·year−1) mean 9.43 5.54 9.30 13.11 9.78 14.15 4.29

n 12 33 36 43 32 25 12
Push-up (reps·year−1) mean 4.26 4.18 5.18 4.65 2.85 2.86 3.48

n 12 32 28 39 30 26 7
Trunk-lift (cm·year−1) mean 3.06 4.11 3.75 5.21 3.65 4.59 4.85

n 17 32 39 43 35 20 17
One mile run/walk (m·min−1·year−1) mean 11.16 13.73 9.54 11.97 9.26 11.60 6.11

n 7 8 15 14 20 12 6
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i.e., reliable data. Failure to meet these assumptions implied 
that the MGS was not identified. Since each child has their 
own growth velocity curve as well as in all PF tests, mean 
constant curves were obtained for data aligned by age-at- 
peak MGS. Thus, the possibility to compute mean PF velocity 
values before and after age-at-peak MGS, i.e., −18, −12, −6, 
and +6, +12, +18 months from the mid-growth maximum 
velocity which is marked as 0. A generalization of the previous 
methodology was developed by a mathematician at the 
University of Porto, who developed the software to conduct 
all analyses. This methodology has been previously shown to 
be successful in identifying gross motor coordination and PF 
spurts in Portuguese children (Dos Santos et al., 2019; 
Guimarães et al., 2020; Pereira et al., in press). Mean velocity 
curves, also called mean constant curves, were developed and 
defined in terms of time, i.e., months before and after age-at- 
peak MGS. Although measurements were obtained each year, 
the method allows the estimation of individual velocities 
every six months. Graphical data were displayed using 
a cubic spline procedure as implemented in GraphPad Prism 
v.8.2.1. (Malina et al., 2004). A cubic spline employs interpolat
ing cubic polynomials, which use information from neigh
bouring points to obtain a degree of global smoothness. The 
cubic spline was chosen over other curve fitting procedures 
because it maintains the integrity of the data without trans
forming or modifying the underlying growth characteristics. 
To test for differences in age-at-MGS as well as in PF spurts’ 

intensities between boys and girls, a Student t-test was used 
with a significant level of 5%, and these analyses were done in 
IBM-SPSS v.27.

Results

Mean constant velocity curves for height and the PF tests 
are shown in Tables 2 and 3 and graphically illustrated in 
Figure 1. Age-at-peak MGS was identified in 82 boys (90%) 
and in 88 girls (98%). Furthermore, their timing was 
7.80 ± 0.47 [95%CI: 7.698–7.902] years in boys and 
8.00 ± 0.72 [95%CI: 7.850–8.150] years in girls and their 
intensity was 6.20 cm·y−1 and 6.36 cm·y−1, in boys and 
girls, respectively. Although age-at-MGS occurred signifi
cantly earlier in boys (p = 0.04; d = 0.32) the intensity was 
not statistically different (p > 0.05).

In general, no statistically significant differences (p > 0.05) 
were found in PF spurts’ intensities between boys and girls, 
apart from the upper-body strength favouring boys (p = 0.04). 
Peaks in muscular strength markers (static, upper and lower 
body, explosive leg strength) occurred at different times with 
distinct intensities and sequences in both boys and girls. For 
handgrip strength, boys had their peak spurt 18 months before 
age-at-peak MGS (intensity = 2.81 kgf·y−1), but girls had theirs 
12 months after age-at-peak MGS with an intensity of 
2.16 kgf·y−1. Upper body and abdominal strength peaked differ
ently in boys and girls: push-ups, 12 months after (intensity = 9.40 

Figure 1. Mean constant velocity curves for height and physical fitness tests in boys and girls, aligned on height mid-growth spurt.
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reps·y−1), and 6 months (intensity = 5.18 reps·y−1) before age-at- 
peak MGS, respectively; curl-ups, 12 months after age-at-peak 
MGS, with an intensity of 19.36 reps·y−1 (boys) and 14.15 reps·y−1 

(girls). For explosive leg strength (standing long jump), boys’ 
peak was at 12 months (intensity = 21.59 cm·y−1) before age- 
at-peak MGS, but in girls, it was coincident with age-at-peak MGS 
(intensity = 15.36 cm·y−1).

For running speed, boys´ peak spurt (0.53 m·s−1·y−1) was iden
tified at 12 months after age-at-peak MGS, but in girls, it was earlier 
and had similar intensity, i.e., 18 (0.41 m·s−1·y−1), and 12 
(0.40 m·s−1·y−1) months before age-at-peak MGS. For the shuttle 
run, the timing of peak spurts occurred at 12 months before age-at 
-peak MGS in girls, and 12 months after in boys, and their intensity 
was relatively similar, i.e., 0.22 m·s−1·y−1 and 0.28 m·s−1·y−1, 
respectively.

For flexibility, the peak spurt was at 12 months before age-at- 
peak MGS with an intensity of 5.52 cm·y−1 in boys, whereas in girls 
was coincident with age-at-peak MGS (intensity = 5.21 cm·y−1). 
Aerobic capacity peaked 12 months before age-at-peak MGS in 
both sexes (intensity = 18.41 m·min−1·y−1 and 13.73 m·min−1·y−1, 
for boys and girls, respectively).

Finally, boys’ and girls’ peak spurt sequences are shown in 
Figure 2. In boys, the sequence is: (i) before age-at-peak 
MGS – aerobic capacity, static strength, explosive leg 
strength, and flexibility; (ii) after age-at-peak MGS – abdom
inal strength, upper body strength, agility, and speed, 
whereas in girls, it is: (i) before age-at-peak MGS – speed, 
agility, aerobic capacity, and upper body strength; (ii) coin
cident with age-at-peak MGS – explosive leg strength and 
flexibility; (iii) after age-at-peak MGS – abdominal strength 
and static strength.

Discussion

This study showed sex differences in children’s PF spurts with 
their associated timings, intensities, and sequences. Age-at- 
peak MGS was identified in 90% and 98% of Azorean boys 
and girls, respectively. Similar results were previously reported 
by Butler et al. (1990) in British children (100% in boys and 
98.2% in girls), and by Gasser et al. (1985) in Swiss children (93% 
in boys and 82% girls). However, in contrast Towne et al. (2008) 
only found a spurt in 79% and 36% of American boys and girls, 
respectively. Although it has been suggested that the MGS may 
not be observed in all children or that some may experience 
a cyclical growth pattern during their childhood (Butler et al., 
1990), there is compelling evidence supporting the MGS as 
a genuine biological phenomenon or an individual character
istic (Muhl et al., 1992; Robertson, 1915; Towne et al., 2008). 
Indeed, the MGS occurs not only in height but also in other 
anthropometric measures (Gasser et al., 1993; Meredith, 1981; 
Tameron & Cameron, 1980). Furthermore, Towne et al. (2008) 
revealed that 37% of the total variation in MGS in height was 
accounted for by genetic factors and identified genetic markers 
for the MGS in chromosomes 12 and 17.

Timing and intensity of MGS were relatively similar in the 
Portuguese boys and girls presented here (see Tables 2 and 
3). These results are consistent with some previous studies, 
but not all. For example, Butler et al. (1990) identified the 
peak MGS at 7.0 years in boys with an intensity of 
6.7 cm·y−1, while girls peaked at 6.7 years with an intensity 
of 6.8 cm·y−1. Gasser et al. (1985) reported similar values for 
the timing in both sexes (7.5 years, boys; 7.7 years, girls) 
and an intensity of 6.4 cm·y−1 for both boys and girls. 

Figure 2. Physical fitness peak spurts’ sequences in boys and girls.
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Contrarily, Towne et al. (2008) found a substantial sex dif
ference in timing (6.3 years in boys and 4.8 years in girls), 
although with similar values for intensity: 6.6 cm·y−1 and 
6.9 cm·y−1 in boys and girls, respectively. These discrepan
cies may reflect biological variation, differences in the mea
surement frequency within each study, mathematical 
models used, and sample characteristics.

We explored spurts in PF components relative to the 
age-at-peak MGS. The landscape on which children of both 
sexes unfold their PF components varied in timing, inten
sity, and sequence. Unfortunately, we could not identify 
any previous studies to compare our results. Even data 
from adolescent growth spurts in muscular strength, 
motor performance, and aerobic power aligned on age-at 
PHV in both boys and girls do not show clear trends 
(Beunen & Malina, 1988; Mirwald & Bailey, 1986; Silva 
et al., 2019; Yague, 1998). This, of course, poses difficulties 
when interpreting our results. In our study, the timing of 
PF spurts aligned on age-at-peak MGS revealed sex differ
ences in most components (except for aerobic capacity 
and abdominal strength) as well as in the MGS sequences. 
Yet, the intensity does not vary between the sexes, apart 
from upper body strength favouring boys, where the aver
age gain of boys (9.4 reps·year−1) was about twice as much 
as that of girls (5.2 reps·year−1). This difference probably 
reflects boys’ more significant gains in upper-arm strength, 
but data applying scaling procedures to longitudinal 
changes in muscular strength during childhood are not 
available (Malina et al., 2004).

Spurts in muscular strength components varied in tim
ing, suggesting that they are independent of each other 
and that children’s growth and maturation may influence, 
differently, their development in boys and girls. In static 
and explosive strength, boys peaked before age-at-peak 
MGS, while in the upper body and abdominal strength 
peaks occurred after age-at-peak MGS. On the other 
hand, girls peaked in upper body strength before age-at- 
peak MGS. Yet, the MGS in explosive strength coincided 
with age-at-peak MGS, while static and abdominal strength 
spurts occurred after age-at-peak MGS. A putative explana
tion for different peaks in static and explosive strength 
may be due to differences in body composition. The max
imum velocity of fat-free mass in boys (data not shown) 
occurred earlier (spurt coincident with the peak MGS in 
height) than in girls (spurt is reached 12 months after the 
peak MGS). Hence, static and explosive strength may 
depend more on body composition than the upper body 
and abdominal strength. Furthermore, it has been sug
gested that muscular strength is highly influenced by neu
romuscular capacity, which allows the production of 
muscular force and changes in non-neuromotor factors 
such as variations of the biomechanical properties of the 
musculoskeletal system (Korff & Jensen, 2008).

Regarding running speed and agility components, the 
timing of peak spurts in boys occurred after age-at-peak 
MGS. However, girls peaked before age-at-peak MGS. 
Given the motor demands underlying these PF components, 
the sex differences may be explained by the non-synchronic 
growth velocities of the legs versus the trunk. Indeed, girls 

tend to reach the maximal velocity, on average, three- 
quarters of a year later for the trunk than for the legs, 
while boys reach it half-a-year later (Gasser et al., 1991). 
Moreover, given the neuromuscular demands involved in 
speed and agility components (Enoka, 2008), these results 
suggest that girls tend to develop neuromuscular abilities 
earlier than boys do.

For flexibility, boys peaked before age-at-peak MGS, while 
girls’ spurt coincided with peak MGS. However, velocities in this 
component between 6 to 10 years were highly erratic in both 
sexes. Muscle and tendon tissue extensibility and passive dorsi
flexion angles are responsible for efficient movement in trunk- 
lift tasks and depend on a set of proprioceptive mechanisms 
associated with bone, muscle, and joint structure (Lee et al., 
2006; McHugh et al., 1998). During childhood, the rate of bone 
growth in both sexes is not parallel to that of the ligamentous 
and capsular tissues (Alter, 1996) and this may explain the 
difference in timing of the spurt. These results also suggest 
that after attainment of MGS, there may be an increase in 
muscle-tendon tightness over the joint and a faster bone 
growth than muscle growth and stretching capacity. This may 
explain the lower rate of change in the flexibility component 
after age-at-peak MGS.

For aerobic capacity, boys and girls peaked before age-at- 
peak MGS. Aerobic capacity reflects the maximum rate that the 
respiratory, cardiovascular, and muscular systems can take in, 
transport, and use oxygen during exercise (Caspersen et al., 
1985). Nonetheless, body composition, mainly body fat, also 
influences this component given the body displacement 
demands involved in this task (1-mile run/walk). The fact that 
boys and girls reach their minimum velocity of fat mass 
12 months before age-at-peak MGS (data not shown), may 
explain their similar timings in the aerobic capacity spurt.

Finally, when interpreting the sequences of the MGS in PF 
components (see Figure 1), apart from putative influences of 
genetic and biological underlying mechanisms, there is also 
room to consider the critical roles of behavioural and cultural 
factors in explaining sex differences. Undoubtedly, children’s 
growth and PF development do not occur in a social vacuum 
(Beunen & Malina, 1988), but within a variety of environmental 
conditions, namely home, neighbourhood, rearing style, inter
actions with siblings and peers, and opportunities for outdoor 
play and physical activity, among others (Freitas et al., 2018). 
Furthermore, it is known that boys and girls engage in different 
games and activities that may influence their physical fitness 
development in different ways. For example, whereas girls 
become more involved in cooperative activities, boys tend to 
engage in competitive games (Garcia, 1994). Additionally, dif
ferences in motor performance between boys and girls have 
also been reported in other domains of their motor develop
ment, namely in their fundamental movement skills. Available 
reports highlight that cultural factors lead boys to outperform 
girls in object control skills (Barnett et al., 2010; O’ Brien et al., 
2016; Foulkes et al., 2015; Hardy et al., 2010). Also, these studies 
shed some light on an important aspect – boys and girls may 
react differently to similar stimuli. The finding suggests that 
teachers and coaches should incorporate different strategies in 
their physical education classes and sports training sessions to 
accommodate developmental differences in girls and boys.
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Limitations

This study is not without limitations. Firstly, the sample is from 
four Azorean Islands and our findings cannot be generalized 
to the total Portuguese population. Secondly, the sample size 
is relatively small. Yet, we are not aware of any other studies 
that tackle the issue of PF spurts aligned by age-at-peak MGS, 
nor have investigated children’s PF development with sample 
sizes of substantially greater magnitudes. Thirdly, it is also 
possible that we could more precisely estimate age-at-MGS 
and PF spurts with six-month assessments. More frequent 
fitness assessments would probably lead to a re-testing effect 
that may lead to more proficient results but could induce 
greater difficulty in separating skill from performance. This 
study also has several strengths. Data were collected carefully 
with rigorous quality control measures. Moreover, a robust 
mathematical approach was used to identify the MGS and 
PF spurts when aligned by age-at-peak MGS. The list of fitness 
tests covered both health- and performance-related fitness 
components. Finally, the study novelty is high given this is 
the first time that sex differences in children’s PF spurts are 
described.

Conclusions

In conclusion, we found a similar MGS in height in boys and 
girls at ~8 years of age. However, the timing and sequences 
of health- and performance-related PF spurts differed 
between boys and girls (but not their intensities). Boys 
and girls peaked at similar ages for abdominal strength 
and aerobic capacity for health-related PF components. 
However, differences were found in upper body strength 
and flexibility. For speed and agility, boys reached their 
peak later than girls. However, in static and explosive 
strength, the inverse occurred: boys peaked earlier than 
girls. These findings are important for motor development 
researchers to grasp how and why children differ in their PF 
spurts and respond differently to stimuli provided in physi
cal education classes and sports training sessions. 
Furthermore, these findings may also be helpful when 
designing more effective programs providing equal, varied, 
and enriching learning opportunities for all children to 
develop their PF and fundamental movement skills. Future 
studies should consider: (1) whether or not children’s extra- 
curricular sports or physical activity participation affect the 
timing, intensity and sequence of PF spurts; (2) using other 
samples from different sociodemographic contexts to best 
understand the putative impacts of nature and nurture and 
their interaction in PF development during children’s 
engagement in primary school years and initiation in sports 
participation; (3) linking PF spurts with fundamental motor 
skills development, as well as a putative synchronicity with 
motor coordination development.
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