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ABSTRACT
Sprinting is a fundamental motor skill in many sports. The ability to move rapidly over short
distances can significantly impact the outcome of a game. The natural development of
sprinting speed is similar in females and males during the first decade of life. However, due
to changes in hormonal levels during puberty the development of kinetic and kinematic
variables associated with sprinting may be affected in young females compared to their
male counterparts. Previously researchers have investigated sprinting kinetics and
kinematics in young males. However, there is a paucity of research on young females.
Therefore, the purpose of this review is to highlight the biological differences between
genders with regard to sprinting and the changes in kinetics and kinematics across
maturation in young females.

1. Introduction
Boys and girls tend to show similar sprinting speed during the first
decade of life (Borms, 1986; Malina et al., 2004), with a period of
accelerated change between 5 and 9 years of age (Borms, 1986;
Viru et al., 1999). Speed increases in this age group with the
development of the central nervous system and subsequent
improvements in coordination (Borms, 1986; Viru et al., 1999).
However, from the age of 12 years, increases in sprinting speed
slow considerably in girls compared to boys (Whitall, 2003). This
disparity is largely due to maturational changes in body size and
composition (Beunen & Malina, 1988; Butterfield et al., 2004),
driven largely by hormonal changes. Because sprinting is heavily
influenced by the stretch-shortening cycle (SSC) (Radnor et al.,
2018), the physiological determinants of the SSC, including
muscle size, fibre composition, and connective tissue/tendon
stiffness (Bell et al., 1980; Lazaridis et al., 2010; Lexell et al.,
1992; McLellan et al., 2011; Tillin et al., 2013), are also important
to consider. Therefore, this review will highlight the differences
in body composition, muscle size, fibre composition, connective
tissue stiffness, growth and maturation in boys and girls regarding
sprinting performance. The review will then investigate two
models proposed by previous researchers to optimise sprinting
performance in boys and girls and, the changes in sprinting

kinetics and kinematics across maturation in the youth
population.
2. Body size and composition
Insulin-like growth factor 1 (IGF-1), an important growth
hormone in children, peaks during early adolescence. This
anabolic hormonal surge occurs at approximately 12-13 years in
girls and 15-16 years in boys (Underwood & Van Wyk, 1985).
The anabolic factors can influence the development of muscle
tissue hence affecting muscle strength, speed, and power around
puberty in girls (Viru et al., 1999). However, this period coincides
with sexual maturation in girls, which results in an increase in
adipose tissue compared to their male counterparts (Malina et al.,
2004; Viru et al., 1999). This can particularly impact movements
during which body mass is supported, for example, running and
jumping activities (Viru et al., 1999). In contrast, the androgenic
effects of testosterone during puberty increases lean muscle mass
in boys, which can positively impact weight to power ratio
(Malina et al., 2004). Therefore, the differences in the interaction
between hormonal changes and sexual maturation may provide an
advantage to boys over girls when it comes to sprinting.
The changes in body size occur as a natural response to growth
during early adolescence phase in boys and girls. Peak weight
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velocity (PWV; the greatest rate of change in body mass) reaches
8.3kg/year in girls at about 12.5 years of age (Barnes, 1975). In
boys, peak gains in weight are similar but experienced at a
relatively later age (i.e., 14 years) (Barnes, 1975). Similarly, the
maximum rate of linear growth, defined as PHV (Brown, Patel, &
Darmawan, 2017), tends to occur at 12 years of age in females,
approximately 6-12 months before the onset of puberty. During
PHV, changes in height average 8 centimetres (cm) per year, with
a range of 6-10.5 cm (Hoffman, 1997; Kreipe, 1994; Needleman,
2004). Boys reach PHV at approximately 14 years of age, with
average gains in height ranging from 7-12 cm (Hoffman, 1997;
Kreipe, 1994; Needleman, 2004).
Rapid increases in PHV and PWV can affect physical
competencies, including sprinting (Malina et al., 2004). For
example, previous research has shown a positive relationship
between standing height and sprint speed in prepubertal boys, and
leg length and sprint speed in post-pubertal boys (Meyers et al.,
2017a). The positive association between height, leg length and
sprint speed can be explained by the relationship between the
distance the centre of mass travels after the foot hits the ground
(i.e., contact length) and an increase in step length that occurs
naturally as a result of growth (Lloyd et al., 2016b; Meyers et al.,
2017a). In girls, Talukdar et al. (2021) reported that with every
cm increase in leg length, maximal sprint decreased by 0.05 m/s
in mid and post-PHV athletes.
Children also experience significant changes in body
composition during puberty (Patel, Pratt, & Greydanus, 1998;
Roemmich, & Rogol, 1995). For instance, both fat mass (FM) and
fat-free mass (FFM) increase between 9 and 15 years of age in
girls and boys (Malina et al., 2004). However, due to the
development of secondary sex characteristics (e.g., wider hips,
breast development), a consequence of increased growth hormone
secretion, deposits of fat mass are significantly higher in girls with
an average of 7.1kg compared to 3.1kg in boys (Malina et al.,
2004). Moreover, proportionately more body fat is concentrated
in the lower body of girls (Papai et al., 2012). The increase in body
mass may inhibit force production in girls particularly during
sprinting, as based on Newton’s second law of motion, the greater
the body mass the greater the acceleration required to displace the
body. Rumpf et al. (2015) reported relative horizontal force and
power to be the best predictors of maximal sprinting speed across
maturation in young males (R2 = 97-99%).
Body fat mass has also been shown to have a negative
influence on sprint speed in youth athletes (Meyers et al., 2017a).
For example, Meyers et al. (2017a) reported that body mass was
negatively related to 30 sprint speed in both pre- and post-PHV
boys (r = -0.35 & -0.47; p < 0.05). More specifically, in pre-PHV
boys, body mass had a negative influence on step frequency (r =
-0.48). In post-PHV boys, body mass negatively influenced step
length (p < 0.05, r = -0.54) (Meyers et al., 2017a). Therefore, it is
important to assess changes in height, weight, and body
composition, particularly during the time of puberty as it can
affect sprinting performance in the youth population.
Higher fat deposition in girls, a result of increasing oestrogen
levels (Malina et al., 2004), may also affect sprinting kinetics and
kinematics (Beunen & Malina,1988; Butterfield, Lehnhard, Lee,
& Coladarci, 2004; Malina et al., 2004). Nagahara et al. (2019)
investigated change in sprinting performance in Japanese girls
JSES | https://doi.org/10.36905/jses.2022.03.02

between the ages of 7.0 and 15.3 years. The findings showed that
girls >12.7 years became slower every year (-0.09 m/s) compared
to girls <12.7 years (0.24m/s). Furthermore, the older girls had a
plateau in step length and a reduction in ground reaction forces
(GRFs) compared to the younger girls (Nagahara et al., 2019).
Due to an increase in fat mass as girls mature, relative force
production and step length can be considerably reduced,
negatively impacting sprinting performance. Apart from body
size and composition, there are other physiological differences
between the genders that can impact sprinting performance such
as SSC, muscle size, fibre composition, and muscle tendon
stiffness.
3. The stretch-shortening cycle
SSC is characterised by an eccentric ‘stretching’ action before
subsequent rapid concentric action. Sprinting, jumping and
throwing utilises the SSC (Lloyd et al., 2015). It has been reported
that this action (eccentric stretch before concentric) is more useful
in improving the performance of the final concentric phase
compared to an isolated concentric action (Flanagan & Comyns,
2008; Nicol et al., 2006). For example, jump height was reported
to increase by 1-5% when preceded by countermovement (prestretch action) in young males (Lloyd et al., 2009). Furthermore,
SSC can be categorised into fast and slow action based on ground
contact time. Ground contact time shorter than 250ms is generally
classified as fast SSC and ground contact time above 250ms is
considered slow SSC (Flanagan & Comyns, 2008; Turner &
Jeffrey, 2010). Sprinting can be considered a fast SSC activity
since the ground contact time is lower than 250ms. In mid and
post-PHV female athletes, the ground contact time was reported
to be 170m/s (0.17s) (Talukdar et al., 2021). The function of the
SSC is determined by several physiological variables, including
muscle size, fibre composition, and connective tissue/tendon
stiffness which may vary between genders (Radnor et al., 2018).
4. Muscle size
It is believed that increases in muscle size can contribute to the
improved capacity to produce force which leads to greater
performance outcomes during SSC activities (Radnor et al.,
2018). Muscle size increases with growth and biological
maturation with the ability to produce higher force during both
concentric and eccentric actions (Kubo et al., 2001; O’Brien et al.,
2010a; O’Brien et al., 2010b). More specifically, in isolated
concentric and eccentric muscle actions, muscle size has been
associated with quadriceps and hamstrings concentric strength
and hamstring eccentric strength (Morse et al., 2008). Greater
concentric strength during SSC actions can contribute towards
greater impulse and rate of force development hence providing
superior performance during sprinting and jumping tasks
(McLellan et al., 2011; Tillin et al., 2013). In addition, as muscles
increase in size during growth, the higher forces during the
eccentric phase of sprinting and jumping may result in increased
storage of elastic energy (Komi, 2000). Therefore, increases in
lean muscle mass and size in boys can be an advantage for SSCbased activities such as sprinting compared to their female
counterparts.
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5. Fibre type composition

Apart from muscle size and fibre type composition, tendon
stiffness has also been documented to have a positive influence on
sprinting performance in children (Lambertz et al., 2003).
Increased tendon stiffness leads to shorter braking forces, reduced
ground contact times and greater electromyographic activity that
can be useful during sprinting (Lazaridis et al., 2010). Previous
studies have reported that males have a higher level of stiffness
compared to females in the patella and Achilles’ tendon (Hicks et
al., 2013; Onambele et al., 2007). In youth, Laffaye et al. (2016)
found leg stiffness increased from 24.7 ± 10.6 kN · m−1 at 11-12
years to 44.1 ± 14 kN · m−1 in boys, with a small increase until
16 years (+17%) and a large increase between 17 and 20 years
(+32.7%). In girls, leg stiffness increased from 26.6 ± 9 kN · m−1
at 11-12 years to 39.4 ± 10.9 kN · m−1 at 19-20 years, with a
decrease in leg stiffness at 17-18 years, probably due to an
increase in the percentage of fat at this age (25%). However, there
are limited studies that have investigated the difference in tendon
stiffness in boys and girls across maturation (Laffaye et al., 2016;
O’Brien et al., 2010b). Therefore, understanding how growth,
maturity and physiological mechanism associated with SSC
affects sprinting kinetics and kinematics is crucial when
investigating young females.

al., 2004). Unfortunately, this method requires expensive
equipment and an experienced investigator, thus is impractical for
young athletes (Harrison, 2013). The Tanner Staging method,
which classifies sexual maturity based on pubic hair development,
has also been used widely in the literature (Conte et al., 2017;
Faigenbaum et al., 1993; Tanner & Whitehouse, 1976). However,
classification requires athletes to self-assess, which can affect the
reliability of the measures (Rasmussen et al., 2015). For example,
a previous study in Danish children (n = 898) reported that selfassessment and parental assessment were inaccurate in a
substantial number of participants when compared with a clinical
examination by trained physicians (Rasmussen et al., 2015). More
specifically, half the girls tended to underestimate their exact
breast development stage, and one quarter also underestimated
their pubic hair. Therefore, suggesting that self-assessment of
pubertal maturation can be inaccurate and unreliable.
A cheaper, non-invasive way of assessing maturation is by
calculating the estimated years an individual is away from PHV.
This method provides a maturity offset value using simple
objective anthropometric measures, including leg length, sitting
height, weight by height ratio and age (Malina et al., 2004;
Mirwald, Baxter-Jones, Bailey, & Beunen, 2002). Years from
PHV can be used to characterise changes in body size, body
composition and performance relative to changes in height
(Malina et al., 2004). Maturity status is determined as pre-PHV
(>1 year prior to PHV), circa-PHV (± 1 year from PHV), and postPHV (> 1 year post PHV) and comparisons of any changes in
performance can be made (Harrison, 2013). The Khamis-Roche
method is another non-invasive and practical way of assessing
maturity and includes three predictor variables: current stature
(height), current weight and mid parent stature (mother’s height +
father’s height/2) (Khamis & Roche, 1994).
Past research has incorporated the Mirwald and KhamisRoche methods effectively to measure growth and maturation
(Cumming et al., 2018; Rumpf et al., 2012). For example, Rumpf
et al. (2012) used the Mirwald method to investigate sprinting
kinetics and kinematics across maturation. Similarly, Cumming et
al. (2018) used the Khamis-Roche method to predict adult height
in a cohort of young soccer players when investigating the
efficacy of bio-banding. It is important to assess growth and
maturity in research with youth populations to guide safe and
effective applications of training.

7. Assessment of growth and maturation

8. Developmental Models

It has been established that rapid changes in PHV and PWV can
impact sprinting performance in youth (Malina et al., 2004).
Therefore, it is important to assess biological growth and not rely
only on chronological age alone. The differences in timing and
magnitude of growth within similar age groups of girls and boys
can have a significant impact on sprinting performance (Lloyd et
al., 2016; Malina et al., 2004). For example, two 12-year-old girls
may have different sprinting abilities due to their height and body
mass.
There are several ways to assess the growth and biological
maturity of a child. The most popular clinical method utilises a
plain X-ray of the left hand, wrist or knee and classifies children
according to their skeletal age (Carling, Le Gall, Reilly, &
Williams, 2009; Johnson, Doherty, & Freemont, 2009; Malina et

Youth athlete training interventions that consider growth and
maturation are essential. To support practitioners in this process,
the long-term athletic development model (LTAD) was proposed
(Balyi & Hamilton, 2004; Bompa, 1995). The LTAD model
attempts to maintain balance between training load and
competition throughout childhood and adolescence (Ford et al.,
2011). It also proposes specific windows of development, termed
“sensitive periods of development” for various components of
fitness. When considering speed, the LTAD model suggests two
training sensitive periods during childhood (Balyi & Hamilton,
2004), aligned to chronological age. The first period, occurring at
7-9 years in both genders, is aligned to a neurological spurt (Table
1) (Balyi & Hamilton, 2004). According to the LTAD

In addition to muscle size, fibre type composition can also play an
important role in sprinting (Bell et al., 1980). Type 2 muscle fibres
help to improve the ability to rapidly produce force resulting in
greater benefit from the SSC compared to type 1 fibres (Radnor
et al., 2018). It is reported that type 1 fibres decrease from
approximately 65% at age 5 years to 50% at age 20 years (Lexell
et al., 1992). However, limited longitudinal data have reported
that gender differences in fibre type can be evident as the
adolescent transitions towards adulthood. More specifically, type
1 fibre percentage tends to increase in women (51 ± 9% to 55 ±
12%) and decrease in men (55 ± 12% to 48 ± 13%) between the
ages of 16 and 27 years (Bell et al., 1980; Lexell et al., 1992).
Therefore, the ability to produce force rapidly in females can be
limited hence affecting sprinting performance compared to their
male counterparts, post PHV.
6. Muscle and tendon stiffness
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Table 1: Long term Athletic Development (LTAD): Sensitive periods for speed development (adapted from LTAD model, Balyi &
Hamilton, 2005)
Speed Developmental Age
Chronological Age

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Speed 1
Speed 2 (Girls)
Speed 2 (Boys)

model, a period of accelerated brain development around age 7-9
years improves a child’s ability to acquire the motor skill (Balyi
& Hamilton, 2004; Higgs et al., 2008) via improvements in
coordination (Cratty, 1986). The second sensitive period,
occurring at 11-13 and 13-15 years of age in girls and boys,
respectively, reflects a maturational window of opportunity for
training (Table 1) driven by hormone-dependent hypertrophy of
muscle fibres (Phillippaerts et al., 2006; Venturelli, Bishop, &
Pettene, 2008; Viru et al., 1999).
However, since the LTAD model’s inception, it has been
critiqued for a lack of scientific rigour as the sensitive periods of
development are based on chronological age as opposed to
biological growth and maturity (Ford et al., 2011). For example,
several factors influence speed throughout childhood, including
quantitative changes in muscle cross-sectional area and length,
morphological alterations to the muscle and tendon, development
of SSC through neuromuscular pathways, and biomechanical
factors associated with sprinting (kinetics and kinematics) (Ford
et al., 2011; Radnor et al., 2018). Hence, it is important to consider
these factors when investigating the potential of speed
development in youth across maturation rather than rely
completely on the windows of opportunity based on chronological
age. It is also important to note that the majority of research
investigating speed development in youth populations has been
conducted in boys (Meyers et al., 2015; Meyers et al., 2016;
Meyers et al., 2017a; Rumpf et al., 2015). As identified above,
considering the emergence of distinct differences in physiology
between the sexes with maturation, and their subsequent effects
on speed, more research investigating the second LTAD window
of training in girls is warranted (Papai et al., 2012).
More recently, using existing empirical research, the Youth
Physical Development (YPD) model was proposed (Lloyd &
Oliver, 2012). The goal of the YPD model was to establish an
overall long-term strategy for physical development across
childhood and adolescents. In contrast to the LTAD model, the
YPD model proposes that all fitness components are trainable

throughout development but that the magnitude of change differs
based on maturation (Lloyd et al., 2015). More specifically, the
YPD model suggests that speed can be trained at any age with a
greater emphasis between 5-15 years for females and 5-16 years
for males (Table 2) (Lloyd & Oliver, 2012). Furthermore, the
model emphasises individualisation of training prescription due to
the differences in timing, tempo, and magnitude of maturation
between children (Lloyd et al., 2015). For example, it is believed
that the training adaptation during pre PHV phase is
predominantly neural compared to a combination of neural and
hormonal during mid and post-PHV phases in both males and
females (Lloyd & Oliver, 2012). In young males, it was found that
plyometric training (PT) was useful in improving sprinting speed
during pre-PHV, but a combination of strength training (ST) and
PT was more effective during post PHV further supporting the
YPD model (Lloyd et al., 2016a) However, more research is
warranted if the adaption is similar across maturation in young
females.
Despite their differences, both the LTAD and YPD models
suggest that biological maturity should be considered when
planning individual components of fitness in youth (Ford et al.,
2011; Lloyd & Oliver, 2012). Furthermore, child physiology and
how it changes with growth, and between the sexes, is important
to understand when prescribing speed training in youth (Balyi &
Hamilton, 2004; Oliver et al., 2013).
9. Determinants of speed: sprint-running performance
Several factors influence sprint performance in youth, including
the motions of the body (i.e., kinematics) (Hunter, Marshall, &
McNair, 2005; Meyers et al., 2016; Salo et al., 2011), the forces
that produce, arrest or modify the motions of the body (i.e.,
kinetics) (Meylan et al., 2014; Read et al., 2016; Rumpf et al.,
2015) and the measurements and proportions of the body (i.e.,
anthropometry) (Lloyd et al., 2016b; Meyers et al., 2016;

Table 2: Youth Physical Development (YPD): Sensitive periods for speed development (adapted from YPD model, Lloyd & Oliver
2012)
Speed Developmental Age
Chronological Age

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Girls
Boys
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Meyers et al., 2017b). Since the anthropometrical factors (PHV,
PWV, body composition) have already been discussed in the
previous sections, this section will specifically review the kinetics
and kinematic associated with sprinting speed in young boys and
girls across maturation.
9.1. Kinematics
Sprint speed is a product of step length and step frequency
(Meyers et al., 2017b). However, the relationship between step
length and frequency is not always linear (Meyers et al., 2017b).
For instance, research has demonstrated a negative interaction
between step length and step frequency in adult sprinters i.e., a
longer step length tends to result in a lower step rate (Debaere,
Jonkers, & Delecluse, 2013; Coh, Milanovic, & Kammiller, 2001;
Hunter et al., 2004). The interaction between step length and step
frequency is more difficult to define in youth populations due to
changes in natural development (Meyers et al., 2017b). For
instance, step length increases throughout childhood and
adolescence as a result of changes in leg length associated with
growth (Meyers et al., 2016; Schepens, Willems, & Cavagna,
1998). Read et al. (2016) reported a consistent increase in step
length among boys who remained pre-PHV and boys moving
from pre to post PHV (7.8 and 8%, respectively) compared to step
frequency.
Previous research investigating step frequency and flight time
indicated that both remain unchanged throughout childhood and
in boys of advancing maturity (Meyers et al., 2015; Rumpf et al.,
2015; Schepens et al., 1998). Pre-PHV boys tend to be more
reliant on step frequency when sprinting (Meyers et al., 2017a),
but may lack the motor coordination and strength to orientate,
stabilize and apply force through their lower limbs during
sprinting (Meyers et al., 2015). Therefore, there may not be any
meaningful changes in step frequency and flight time in male
youth across maturational levels whereas increases in step length
can be observed for boys who have experienced the period of
PHV.
Despite a few studies having investigated the effects of change
in kinematics on sprint performance in boys, there are currently
limited studies in girls. In a recent study, Talukdar and Colleagues
(2022) found step length to be significantly greater in post PHV
girls compared to mid-PHV girls (p < 0.05). It was also reported
that there was no difference in contact time, flight time, step
frequency between mid- and post PHV girls (Talukdar et al.,
2022). In contrast, Nagahara et al. (2019) found that in young
(<12.7 years) Japanese girls, step length increased by 0.08m/y but
plateaued (0.01 m/y) for the older girls >12.7 years. Similarly,
researchers have reported no increase in step length with minimal
increase in step frequency among Slovakian girls (mean age 13.5
years) (Vanderka & Kampmiller, 2012). However, both
aforementioned studies did not consider maturation and biological
growth. Based on chronological age, it is difficult to conclude if
growth-related factors (e.g., fat mass, PHV) during puberty
played a role. Therefore, more research investigating sprinting
kinematics in girls across maturation is warranted.
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9.2. Kinetics
The kinetics (horizontal and vertical forces) of sprint performance
have been widely investigated in adults (Brughelli, Cronin, &
Chaouchi, 2011; Kuitunen, Komi, & Kyrolalinen, 2002; Nilsson
& Thorsrensson, 1989; Nummela, Keranen, & Mikkelsson,
2007). Previous studies report that peak and average force
increase proportionately to running speed up to 60% of maximum
velocity, then remain relatively constant up to maximum velocity
(Brughelli et al., 2011; Kyrolainen et al., 2001; Nilsson &
Thorstensson, 1989). More specifically, during the acceleration
phase, horizontal forces have been shown to significantly increase
with increasing speed (Brughelli et al., 2011; Kuitunen et al.,
2002; Nummela et al., 2007) and during both braking (i.e.,
eccentric) and propulsion (i.e., concentric) phases (Kuitunen et
al., 2002; Nilsson & Thorstensson, 1989). Peak vertical forces are
stable and do not differ between 70 and 100% of maximal velocity
(Kuitunen et al., 2002). These studies suggest that horizontal force
plays an important role in sprinting, particularly during the initial
phases of acceleration to overcome inertia.
While much research has investigated how kinetics effect
sprint speed in adults, there is a paucity of research investigating
over-ground sprinting in youth (Meyers et al., 2015; Meyers et al.,
2016; Meyers et al., 2017b; Rumpf et al., 2015). Studies utilizing
non-motorized treadmills suggest that maximal force and power
may be important predictors of sprint performance in boys across
maturation (Meylan et al., 2014b; Rumpf et al., 2015). More
specifically, vertical power has been shown to have a large impact
on sprint performance in pre- and mid-PHV boys (Meylan et al.,
2014b). Cross-sectional and longitudinal data collected in boys
has also shown that vertical stiffness, relative maximal force, and
relative leg stiffness contribute to sprint performance (Lloyd et
al., 2016b; Meyers et al., 2019; Read et al., 2016).
Sprint kinetics may differ between sexes during childhood and
adolescence due to changes in maturity status and growth (Rumpf
et al., 2015). For instance, during puberty, higher levels of
circulating androgens and growth hormones in boys (Forbes et al.,
2009; Ramos Frontera, Llopart, & Feliciano, 1998; Round, Jones,
Honour, & Nevill, 1999) increases force production (Rumpf et al.,
2015). However, an increase in muscle mass and force-generating
capacity can be limited in girls during this time due to the reduced
anabolic effect of oestrogen. This difference has been shown to
influence strength and power in general by decreasing connective
tissue stiffness that can negatively affect sprinting kinetics in girls
(Chidi-Ogbolu, & Baar, 2019; Malina et al., 2004).
There are limited studies investigating kinetics in young
females (Coyler et al., 2020; Nagahara et al., 2019; Talukdar et
al., 2022). Talukdar and colleagues (2022) reported greater
horizontal force, maximal power and maximal velocity in postPHV compared to mid-PHV girls (p < 0.05). Moreover, it was
also reported that both kinetic and kinematic variables such as
ground contact time, maximal power, step frequency, and step
length have been shown to predict maximal sprinting speed in
girls across maturation with contact time being the best predictor
out of all (Talukdar et al., 2022). Nagahara et al. (2019) examined
age-related differences in sprinting kinetics in (7.0-15.3 years old
Japanese girls) and found an increase in the propulsive impulse of
0.024 Ns/y in the younger Japanese girls compared to -0.010 Ns/y
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in the older girls. However, the authors did not assess maturity
status, choosing to divide the girls into two groups based on
chronological age (younger <12.7 years and older >12.7 years).
Even though the older girls in this study were significantly quicker
than the younger girls for 25 m and 50 m sprints (p < 0.05), the
propulsive forces during acceleration were significantly greater in
younger girls compared to the older girls. This is probably due to
greater growth rates in height (6.3 cm/y) in the younger girls and
increases in fat mass with maturation in the older girls who might
have impaired relative force production during the acceleration
phase (Nagahara et al., 2019).
In addition, another recent study investigated GRFs related to
sprinting speed in pre-PHV untrained boys and girls (Coyler et al.,
2020). It was reported that higher velocities were attributed to
greater antero-posterior GRFs across shorter ground contacts in
pre-PHV boys (4.5-3.5 years before PHV) compared to (5.5-4.5
years before PHV), effect size (ES: ± 90% CI = 1.63 ± 0.69)
(Colyer et al., 2020). In comparison, the increase in maximal
velocities in pre-PHV girls (2.5-1.5 years before PHV) compared
to (1.5-0.5 years from PHV) were not attributed to the increase in
GRFs but rather due to longer ground contact time (ES: ± 90% CI
= 1.00 ± 0.78). This study suggested that boys undergo a period
of accelerated development in sprinting performance around 4.55 years before their PHV whereas rapid development in girls was
observed 1.5-2 years before PHV. Furthermore, force-generating
capacity in boys can help them better utilise SSC and more
effectively reverse braking forces compared to their female
counterparts (Colyer et al., 2020).
10. Conclusion
There is no difference in sprinting performance between boys and
girls during the first decade of life, but things change during
puberty. Due to the influence of oestrogen, girls tend to increase
body fat mass and reduce connective tissue stiffness compared to
boys, negatively impacting sprinting speed. Only a few studies
investigating the effect of kinetics and kinematics on sprinting
speed in youth populations have included girls. It is reported that
sprinting kinetics and kinematics change across maturation and
can significantly influence the maximal sprinting speed in girls.
More specifically, kinetics and kinematic variables such as
ground contact time, maximal power, step frequency, and step
length have been shown to predict maximal sprinting speed in
girls across maturation. Therefore, incorporating progressive
strength and plyometric training along with frequent exposure to
sprinting can improve sprinting kinetics and kinematics and
increase maximal sprinting speed due to improved forcegenerating capacity and greater lower extremity tendon stiffness
in girls approaching puberty. More research in this area is
warranted, particularly studies that assess maturation. Studies that
examine more specific kinematic and kinetic variables across
maturation are also required.
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