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Abstract

Overhand shot technique is the most prevalent technique in badminton and is often
emphasized by coaches during training. However an overemphasis on a particular technique
might have a different impact on young badminton players who is undergoing puberty period.
Previous studies had mentioned little on the impact of biological maturation in influencing
sports technique. The aim of this paper is to review the overhand shot technique in
badminton among young badminton players in the context of biological maturation impact.
This includes the relationship between biological maturation, physical growth and overhand
shot technique. The existing literatures have highlighted the potential impact of biological
maturation on sport technique, particularly badminton overhand shot among young players.
More in depth studies are needed on the impact of biological maturation in young badminton
players on technical execution of the overhand shot for better understanding on this matter.
Such work can be useful in ensuring an excellent shot technical proficiency and hence increase
chance of winning the match in badminton among young badminton players.
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Introduction

Badminton is among the most popular and widely-played sports in the world, with estimated
around 200 million people play this sport worldwide according to the Badminton World
Federation (BWF) (Phomsoupha & Laffaye, 2015). Earlier at international scale, European
countries such as Denmark, England, and Germany conquered the badminton. However, in
the past few decades, the dominance seemed to have shifted to Asian countries, most
notably, China, Indonesia, Japan, Malaysia, and South Korea. All of whom seem to produce a
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list of world class players. The popularity of this sport has led to focused attention on
performance improvement and detailed study and understanding of all aspects including
technical skills in badminton. What makes badminton exciting and interesting is attributed by
its fast playing rhythm and constant interaction by players between offensive and defensive
shots throughout the match, constantly struggle throughout the game (El-Gizawy, 2015).
Moreover, current 21-point system when compared to the old system (15-point in male, 11-
point in female) has displayed more aggressive strategy (greater intensity, faster speed of play
and longer rally lengths) (Abian et al., 2014; Phomsoupha & Laffaye, 2015) thus these put
emphasis on technical skill effectiveness of badminton shot to meet the demands of the
current game (Ming et al., 2008). Performing various shots in badminton requires elegant and
delicate techniques, which must be constructed and delivered through precise coordination
and control (Glazier, 2017).

A literature search for articles was conducted in the databases such as PubMed, SienceDirect,
Scopus and Web of Science. An additional search (including relevant grey literatures) was also
done on the internet through ResearchGate and Google Scholar. The content was based on
the literature review of past researches that are relevant with the key words such as biological
maturation, maturation assessment, badminton, shot technique, young athletes, youth,
biomechanics and biomechanical analysis of technique.

Badminton: The Fastest Racquet Sport

Badminton appears to be one of the fastest sports in the world, as players perform
approximately 1 shot every 2 seconds with the shuttlecock often reaching velocities over
360km/h (Faude et al.,, 2007). According to official Guinness World Record, the fastest
shuttlecock velocity in actual badminton tournament (426km/h) was made by Mads Pieler
Kolding in year 2017 during a Badminton Premier League match playing for the Chennai
Smashers, highlighting that badminton can be considered as the fastest racquet sport. In
badminton, players are sequentially trading shots until a shot is not returned or is played out
of the boundaries of the playing area to score a point. Since badminton is a dynamic sport
with complicated skills, the nature of this sport requires players to master skills including
effective badminton shot and proper footwork. Considering the way this sport is played, it
tests the reactive ability of players where players have to react swiftly with very limited time.
Combined with more offensive strategy in the current point system, players preferred
attacking by playing more often offensive shots than defensive shots (Abian-Vicen et al., 2013;
Phomsoupha & Laffaye, 2015).

Shuttlecock velocity is a crucial performance factor, as it has been associated with skill levels
(higher-level player produced higher shuttlecock velocity) (Phomsoupha & Laffaye, 2014) and
a major contributor to number of points in badminton match (Phomsoupha & Laffaye, 2020).
In badminton, technique is related to how to move and hit the shuttlecock. Badminton shot
is a technique of hitting the shuttlecock. There are three types of situations during badminton
gameplay which are offensive (attacking), neutral and defensive which are related to how
high the shuttlecock is when it is being hit. These situations are represented in the illustration
below (Figure 1). It is important to hit the shuttlecock early in terms of both height and
closeness to the net as the player can be in offensive situations more often (more
opportunities for offensive shots) and exert more pressure on opponent (shorter reaction
time) (El-Gizawy, 2015; Pandey et al., 2019). Overhand shots could be regarded as the
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fundamental to play badminton and considered as important offensive shots (Grice, 2008;
Brahms, 2010). These shots include smash, clear and drop. Smash shot is an aggressive
overhand shot with a downward trajectory; Clear shot is an overhand shot with a flat or rising
trajectory towards the back court area; and drop shot is a smooth overhand shot with a
downward trajectory towards the front court area (Phomsoupha & Laffaye, 2015).

When it comes to offensive shots, players focus on powerful overhand shot to produce high
post-impact shuttlecock velocity with a flat or downward trajectory so that the opponent can
be pressured effectively due to the minimal reaction time to intercept the incoming
shuttlecock and wins a point (King et al., 2020). If a player is able to perform overhand shot
that causes the shuttlecock to travel at a high velocity and give the opponent shorter reaction
time to the shot, it would be expected that shot would be regarded as an effective weapon,
commonly known as ‘power stroke’ (shot that results in the greatest shuttlecock velocity after
impact (Zhu, 2013).
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Figure 1: Situations in badminton gameplay.

Young Athletes Grow Mature: An Overview of Biological Maturation

Human transits from childhood to adulthood involves multi-dimensional developmental
changes. World Health Organization (WHO) defines ‘adolescents' as individuals with age
range between 10 and 19 years old and 'young people' between 10 to 24 years old. Malina et
al. (1982) set an upper limit for definition of young athletes at 18 years old, and have
emphasized a critical period of adolescent phase of biological maturation about 9 through 16
years old. Puberty is a process of children growing and obtaining adult stature, typically
occuring around 10 to 17 years old for girls and 11 to 17 years old for boys (Kail & Cavanaugh,
2016). Puberty includes changes of the biological maturation that adolescents encounter.
Biological maturation is a progression towards the biologically mature state or biological
maturity, and in reference to an individual’s biological age (BA) (Baxter-Jones, 1995; Malina,
2014). Biological maturation is a process and occurs in all bodily organs and systems. On the
other side, biological maturity is a state and varies with the biological system considered
(Malina, 2014). Biological maturation is a biological process where its timing and tempo vary
among individuals (Malina, 2014). Timing refers to a point when specific milestones in
maturation occur, while tempo refers to the rate at which the process of biological maturation
advances. Due to individual timing and tempo in biological maturity, there is a large range in
timing when individuals start and finish biological maturity and this is most apparent during
adolescent development, typically occurring around ages 10-14 in females and 12-16 in males
(also known as period of puberty) (Mirwald et al., 2002; Tanner, 1978).
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As adolescents mature older, they physically grow up as well. Physical growth is defined as a
guantitative increase in the size of a body parts or the body itself as a whole (Baxter-Jones,
1995; Malina et al., 2014). Growth spurt is the term that is used to describe any period of
accelerated physical development. In males, the peak growth spurts of height, weight, and
muscle seem to happen simultaneously in adolescent males, however in females, the peak
growth spurts happen sequentially in that order (Brown et al., 2017). Adolescent females
reach peak height velocity (PHV) chronologically earlier at lower velocity while for adolescent
males, they reach PHV chronologically later at greater velocity (Tanner, 1978). Height and
weight are the body dimensions most commonly used for growth monitoring. As the
adolescent grow older, they are expected to grow taller and heavier. Around 10 years of age
in girls and 12 years of age in boys, the rate of growth in height accelerates (growth spurt)
(Malina et al., 2014). The rate of growth increases until it reaches a peak (PHV), the maximum
rate of growth in height during the spurt. The rate of growth in height gradually decreases
and eventually reaches zero (Mirwald et al, 2002; Tanner, 1978).

Earlier maturing males are generally taller, heavier, have higher mass-to-height ratios and
broader shoulders than later maturing males, whereas earlier maturing females have greater
hip breadth, relatively shorter legs and greater body fatness than later maturing females
(Armstrong, 2013). Between height and weight, the growth spurt in body weight begins rather
later compared to that in height. Different from height, weight increases continuously until
age reaches twenties. Body weight consists of a composite of bodily tissues, however often
that it is regarded based on its lean (fat-free) and fat components. In that sense, body weight
is consisted of fat-free mass (FFM) and fat mass (FM). Major components of FFM include bone
and skeletal muscle. Most other body dimensions and many major organs follow growth
patterns similar to the pattern for height and weight (Malina, 2014).

Role of Biological Maturation on Badminton Overhand Shot Technique among Young
Players

Technique is defined as the ‘way of doing’ and specifically in sport, can be defined as the way
in which that sports skill is performed (Lees, 2002; Hughes & Franks, 2008). When dealing
with young athletes, executing efficient overhand shot technique can be more difficult and
challenging, as one must consider developmental factors due to the biological maturation in
young players. Such factors include the changes in body dimensions, chronological and
biological age as well as biomechanical changes related to growth and development, which
are likely to have an impact on technique (Glazier, 2017). As adolescents biologically mature,
their hormonal phenomenon, anatomy and movement biomechanics are significantly
changed, with young boys and girls undergoing meaningfully different maturational effects
(Quatman et al.,, 2006). Past literatures have shown that lower extremity biomechanical
characteristics were influenced by biological maturation factor (Sigward et al., 2011; Sigward
et al., 2012; Glazier, 2017; Radnor et al., 2018). Due to the biological maturation, the increase
in physical ability (strength, power, speed, etc.) becomes apparent in adolescent (Radnor et
al., 2018) due to neural and muscular systems development.

Development of neural system occurs through myelination of axons, in which increase in
myelination causes improved coordination, and this improved coordination results from
faster motor unit recruitment and synchronization, as well as faster cycles of contraction-
relaxation (Viru et al., 1999). For development of muscular system, previous research has
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shown that there is a significant improvement in muscle mass during puberty period, which
is associated with increased hormonal production (Viru et al., 1999). Previous research
suggested that the neuromuscular system changes during biological maturation include
increases in tendon stiffness, muscle size, fascicle length, pennation angle, motor unit
recruitment and pre-activation, and this may result in an improved stretch-shortening cycle
(SSC) function (Radnor et al., 2018). SSC function is very important in increasing the efficiency
of the force production in badminton overhand shot technique for the whip-like movement
(Phomsoupha & Laffaye, 2014; Mughal, 2019).

During biological maturation, adolescents experience rapid growth, where the long bones
grow at rapid rate during puberty. This rapid growth leads to a notable increase in height for
both genders. In badminton, players’ anthropometry and motor performance seems to be
the most crucial determinants of success in badminton match (Ismail et al., 1993; Lei et al.,
1993). When height is being considered, this anthropometric variable appears to differentiate
skill level between badminton players (Phomsoupha and Laffaye, 2015). Shot technique
appears to be different across skill level, where highly-ranked badminton players showed
better technique (efficient sequential joint action) that produces higher post-impact
shuttlecock velocity compared to lowered-ranked players (Sorensen et al., 2011). However,
this pubertal height increase also creates longer levers and potential increases in torque at
the knee joint (Quatman et al., 2006). Higher center of mass resulted from the increased
skeletal size and mass during adolescence period induces more difficult muscular control of
the body.

Newell (1984) particularly highlighted the constraint of the moment of inertia (MOI) of limb
and trunk segments during maturation period. MOI of a body segment expresses its tendency
to resist angular acceleration, which is the product of its mass and the square of its distance
from rotation axis, and several studies have shown racquet swing speed is highly correlated
with the MOI (Kwan & Rasmussen, 2011). Any increases in the MOI of body segments (longer
and heavier body segments) need to be matched by demanding increases in torques
produced about the active joints but the development of muscular strength typically lags
behind increases in MOI of body segments, thus this can adversely affect patterns of
coordination and control which leads to reduced technical proficiency i.e. overhand shot
technique among young badminton players. This phenomenon was described later as
“adolescent awkwardness” (Davies & Rose, 2000). This may happen temporarily, and once
they have undergone growth spurt period, the physical abilities (strength, mobility, etc.) is
catching up hence developing not only good overhand shot technique but also necessary
speed and force to hit the shuttlecock effectively (Jaworski & Zak, 2016). One of few studies
that focused on adolescent player in badminton sport skills is recent study of Jaworski & Zak
(2016). They highlighted the significant impact of biological maturation on sport skill in
badminton, which in effect, should be significant as well when associated to technical
proficiency in overhand shot technique execution.

Future Perspectives

Current trend in sport research has focused into exclusive young population (Glazier, 2017;
Corso, 2018). Goals of the sport biomechanics are to enhance sport performance and prevent
injury, and sport biomechanists often directed their efforts to optimise the biomechanical, or
technique, components of sport performance (Hall, 2015). Considering the potential impact
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of biological maturation on shot technique in badminton, future work on this area is
warranted. Glazier (2017) has highlighted that lack of coverage from the subdiscipline of sport
biomechanics can be partly explain the reason why talent identification and development
(TID) programmes may not be as impactful as intended to be. The absence of a biomechanics
component from TID programmes could be a major shortcoming, as it appears that in many
sports, one of the strongest indicators of ‘talent’ is perhaps the technical proficiency with
which motor skills essential to those sports are performed (Glazier, 2017). Since one of the
goals during talent development is to develop efficient and safe sport techniques, sport
biomechanics subdiscipline could make a useful contribution in TID programmes. The
development of technique model based on mechanically sound technique (the application of
biomechanical principles) may be useful for the comparison and identification of effective and
safe technique patterns in sport during talent identification and development (Glazier, 2017).

Due to the individual variability in timing and tempo of biological maturation, biological age
(BA) is a better measure for individual comparisons as opposed to assessing them based on
their chronological age (CA) (Malina et al., 2014).Nowadays, there are a number of different
ways to assess biological maturation. To measure biological age, several methods existed. The
maturity status and progression of children and adolescents are traditionally monitored in the
skeleton (skeletal maturity) and secondary sex characteristics (sexual maturity). However, the
limitations to this method include very invasive to the individuals’ privacy, impractical,
limiting due to time commitments and assessment time, as well as subjective because they
depend on the person rating the stages. Considering all these limitations, somatic maturity
method seems to be convenient and practical to be used. Practical use of somatic maturity
assessment method makes the research that explores biological maturation impact on sport
performance, including sport technique become more convenient. Cumming et al. (2017) and
Malina et al. (2019) have highlighted the concept of bio-banding in sport which is the process
of grouping athletes on the basis of attributes related to biological side of growth and
maturation rather than chronological age, and emphasised that bio-banding work should be
consider technical development as a part of the work in order to be more comprehensive.

Conclusion

Badminton is a highly demanding sport which involves overall functioning of the body and its
responses. Considering crucial technical part of the overhand shot technique being the most
prevalent technique in badminton and is often emphasized by coaches during training for the
development of young badminton players, this warrants better attention. This consideration
is based on the complex interaction between the information of human ontogeny and the
awareness of individual differences in developmental characteristics among adolescents.
Based on the existing researches, the impact of biological maturation on technical
performance in badminton, that is overhand shot technique is established and should be
highlighted. Moreover, research related to this technical performance in badminton sport
among young players need to be further considered, as it is important that the overhand shot
technique in badminton to be well understood in order to ensure an excellent shot technical
proficiency and hence increase chance of winning the match in badminton among young
badminton players.
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