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Dissertation Abstract 

The current dissertation includes three original investigations focused on the assessment of fitness 

markers and their relationship with badminton sports performance. 

The first study of this dissertation is a scoping review and aimed to summarize and analyse the 

current literature regarding which tests are predominantly used to assess each of the different 

fitness markers (agility, balance, body composition, cardiovascular endurance, coordination, 

flexibility, muscular endurance, power, reaction time, speed, and strength) in badminton players. 

The results obtained showed that only some markers presented some level of consistency in the 

assessment tools used, while the vast majority lacked consistency and robustness. 

The second study aimed to carry out an assessment and characterization of the Portuguese 

national team elite badminton players regarding four markers of fitness (agility, body composition, 

power, and cardiovascular endurance), as well as biosocial data, and to compare the results with 

data from the current existing literature. The assessment of fitness markers is still inconsistent and 

diverse. This makes the process of comparing findings and extracting valid conclusions harder. 

Working on standardizing fitness testing in badminton players would allow for an improvement in 

the sport and serve as a basis for deeper and more meaningful investigations in the future. The 

publication of reference values for elite Portuguese badminton players aims to increase the 

available literature and may contribute to a more scientific based approach to training while 

providing accessible tools that can be applied in the field by players and coaches and get valid 

data concerning their athletic performance. 

Finally, the third study of this dissertation aimed at analysing the correlation between different 

fitness markers and athlete’s performance in the Portuguese national badminton team. The main 

takeaways from this study are the significant correlation between the performance in singles and 

doubles in both male and female players. Also, a significant correlation was found between mixed 

doubles performance and body water and Skeletal Muscle Mass (SMM). A negative correlation 

was also found between lower limb power and mixed doubles performance in female players. 

The overall conclusion of this dissertation is that there is a shortage and lack of consistency in the 

literature regarding the assessment of fitness markers in badminton players. It would be important 

to establish standardized fitness tests useful for badminton players and also to publish reference 

values for elite players. Not only would it lead to enhance the evaluation process made by coaches 

and athletes, but it would also contribute to the development of the sport.  

This dissertation also showed that male and female elite badminton players that play both singles 

and doubles events have better performance. 

It seems that, for badminton players, we could not observe a beneficial specialization effect, 

meaning that, the best players are not specialized in either the doubles or singles event. 
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Furthermore, our findings may suggest a beneficial effect of diversifying the involvement in both 

singles and doubles competition. Future research is warranted to enlighten this issue. For female 

athletes who wish to improve their mixed doubles performance, it may be recommended that they 

emphasize their training on other markers not analysed in this study instead of focusing on 

increasing lower limb power. Also, elite players who seek a performance increase in the mixed 

doubles event, should also try to increase their skeletal muscle mass (across all segments) and 

their body water. 

We are confident that the findings of our work will help coaches in the process of assessing and 

managing badminton players fitness levels. Further studies may help to establish more robust 

knowledge regarding the most important markers for performance and related cut-off values. 

 

 

 

Keywords: Badminton, Fitness, Sports Performance, High-level athletes, Standardized fitness 

testing.
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Resumo da Tese 

A presente tese inclui três estudos originais centrados na avaliação das componentes da condição 

física e a sua relação com o rendimento desportivo no badminton. 

O primeiro estudo trata-se de uma revisão de escopo e teve como âmbito sumariar e analisar a 

literatura atual relativamente a que testes são utilizados predominantemente para avaliar cada um 

dos diferentes marcadores da condição física (agilidade, equilíbrio, composição corporal, 

resistência cardiovascular, coordenação, flexibilidade, resistência muscular, potência / força 

explosiva, tempo de reação, velocidade e força) em atletas de badminton. A avaliação dos 

marcadores da condição física ainda é inconsistente e muito diversa. Isto dificulta o processo de 

comparação de resultados e a extração de conclusões válidas. Trabalhar na padronização dos 

testes de condição física em atletas de badminton permitirá uma melhoria do desporto e serviria 

de base para que investigações mais profundas e significativas sejam elaboradas no futuro. 

O segundo estudo visou realizar uma avaliação e caracterização do atleta português de badminton 

em relação a quatro marcadores da condição física (agilidade, composição corporal, potência / 

força explosiva e resistência cardiovascular), bem como dados sociais, e comparar estes 

resultados com a literatura atual existente. A publicação de valores de referência para jogadores 

de elite de badminton portugueses pretende aumentar a literatura disponível e pode contribuir para 

uma abordagem de treino mais científica, enquanto fornece ferramentas acessíveis que podem 

ser aplicadas em campo por atletas e treinadores, e obter dados válidos sobre o seu rendimento 

desportivo. 

Por fim, o terceiro estudo desta tese tem como objetivo analisar a correlação entre diferentes 

marcadores da condição física e o rendimento desportivo dos atletas da seleção nacional 

portuguesa de badminton. Os resultados encontrados no presente trabalho permitem concluir que 

apenas alguns marcadores da condição física apresentaram algum nível de consistência nas 

ferramentas de avaliação utilizadas, enquanto a grande maioria carecia de consistência e 

robustez. As principais conclusões deste estudo são a correlação significativa entre o desempenho 

em singulares e pares em atletas masculinos e femininos. Além disso, foi encontrada uma 

correlação significativa entre o desempenho em pares mistos, água corporal e massa muscular 

esquelética. Também foi encontrada uma correlação negativa entre potência de membros 

inferiores e desempenho em pares mistos em atletas do sexo feminino. 

A conclusão geral desta dissertação é que existe uma escassez e falta de consistência na 

literatura no que diz respeito à avaliação de marcadores da condição física em jogadores de 

badminton. Seria importante estabelecer testes físicos padronizados úteis para jogadores de 

badminton e também publicar valores de referência para jogadores de elite. 
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Não só levaria a uma melhoria do processo de avaliação por parte de treinadores e atletas, mas 

também contribuiria para o desenvolvimento da modalidade. Esta dissertação também mostrou 

que jogadores de elite masculinos e femininos de badminton que participem nas provas de 

singulares e pares em simultâneo, apresentam um melhor desempenho. 

 Parece que para jogadores de badminton, não é possível observar um efeito de especialização 

benéfico, ou seja, os melhores jogadores não são especializados em nenhum dos dois. Além 

disso, as nossas descobertas podem sugerir um efeito benéfico da diversificação do envolvimento 

nas competições de singulares e pares. Serão necessárias pesquisas futuras para esclarecer esta 

questão.  

Para atletas femininas que desejam melhorar o seu desempenho na prova de pares mistos, pode 

ser recomendado que enfatizem o seu treino noutros marcadores não analisados neste estudo, 

ao invés de focar no aumento da potência dos membros inferiores. Além disso, jogadores de elite 

que procuram aumentar o seu desempenho na prova de pares mistos também devem tentar 

aumentar a sua massa muscular esquelética (em todos os segmentos) e a água corporal. 

 

 

 

Palavras-chave: Badminton, Rendimento Desportivo, Atletas de Alto Nível, Condição Física, 

Testes Físicos Padronizados
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Chapter 1 – General Introduction 

1.1 Research Rationale 

1.1.1 Badminton 

Badminton is one of the most popular sports in the world, with around 200 million practitioners 

worldwide (1). It is an Olympic sport, which can be practiced individually or in pairs. It is played in 

a court by two or four players (singles or doubles, respectively). It is a sport played with a racket, 

where there is no contact and which requires jumping, changes of direction, rapid arm movements 

and a high level of postural control (2).  

Despite being a high competition sport, it is also widely practiced in the context of leisure, having, 

surprisingly, such a high number of practitioners worldwide. This large number is due to mainly two 

factors, namely the high prevalence of the sport in Asian countries (being one of the main sports 

in regions such as China and Malaysia), and because it is a very easy sport to practice in public 

spaces such as parks and other outdoor environments, which works as an invitation to new and 

more practitioners of the modality. Considering its nature, and being a no contact sport that 

demands jumps, lunges, sudden changes of direction and explosive movements, there are many 

injuries in badminton, mainly in the soft tissues of the lower limbs. It is also noteworthy that the 

prevalence of ligament sprains and ruptures is higher in younger badminton players, while 

muscular injuries are more frequent in older badminton players (3).  

Despite this, the practice of badminton, even if in a leisure context, is positively related to the 

improvement of the health and well-being of the untrained population (4).  

The recreational practice of badminton is a valid strategy to combat physical inactivity and may 

also have benefits regarding various levels of health (physical, mental, and social). When 

compared to other types of physical activities and other sports, badminton generally offers more 

positive results in the three previously mentioned health levels. Furthermore, this health impact has 

been demonstrated across all types of populations, ages and genders, with benefits seen for 

people with various types of disabilities as well, including even visual impairment (5). 

Badminton when played at a higher level requires a combination of aerobic and anaerobic systems 

for the energy made available and used by practitioners, and the involvement of these systems 

depends on the nature of the rally or point, i.e., depending on whether the point was intense and 

lasting or not very intense and short.  

It also depends on the duration of the game, or in other words, if it was a game with a very long 

duration (for example a game that goes to the third set with very disputed points and with many 

shots in each) or a game with a shorter duration (for example, a game with only 2 sets and with 

not many disputed points and few shots (6). 
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In addition to the very demanding energy demands, Badminton also demands high levels of 

technical skill and mental acuity, as well as other performance requirements, which include 

endurance, speed, strength and agility (7). 

In Portugal, badminton has shown modest growth, with 1,886 federated players from 57 affiliated clubs 

(8). The entity that regulates the sport at a national level is the Portuguese Badminton Federation. This 

entity is responsible for the organization, structuring, and regulation of sporting and competitive practice 

at national level. In Portugal, competitions are organized into 3 main age categories, namely, seniors 

or athletes aged 19 or older, being distinguished in 3 levels according to the level of play, D, C and 

Absolutes; non-seniors or athletes aged 18 or under, being divided into groups based on their age, 

namely under-19, under-17, under-15, under-13 and under-11 (all under-19 athletes may participate in 

senior competitions, some under-17 athletes may also participate if they meet national ranking 

requirements and other exceptions that will have to be evaluated by the Portuguese Badminton 

Federation) and veterans or athletes aged 35 or over (they can also participate in the senior categories 

if they so wish) (9,10). 

There are several moments of competition during a sports season, namely four zonal rounds (each 

round consists of five tournaments played simultaneously in five different zones), four national 

rounds (Each round played in one location with athletes that qualified via zonal rounds or by having 

enough ranking points from the previous season, club tournaments or a mix of all.), four club 

tournaments (organized by clubs affiliated with the Portuguese Badminton Federation), final 

tournament called the national championship (where the national champions of each category and 

modality are crowned), male and female team tournaments (which will crown the national team 

champion for that season) and Club League, which is a competition of mixed teams played in a 

league format over four different dates (9). However, for the final ranking of each season, only the nine 

best results from among all the disputed competitions count. Within each tournament (excluding team 

events and club league, both which have their own regulation), the events can be organized into groups, 

where one or two athletes/pairs from each group are selected and proceed to a final phase of 

elimination, or in a system of elimination at the first loss (no groups).  

Each match is played to the best of three sets, each set being played to twenty-one points. In case of 

a tie at twenty points, to win, an athlete must achieve a difference of two points from his opponent (for 

example 22-20) up to a maximum of thirty points (10). During each season (which starts in January and 

ends in December), each athlete that competes in zonal or national competitions present in the 

Portuguese Badminton Federation’s calendar will be ranked based on their performance. 

Athletes are also separated based on their age in the case of veterans and non-seniors (age rankings) 

and based on their level of play (D,C, or Absolute) in the case of senior athletes. In the case of non-

senior and senior athletes, there are two types of rankings: zonal and national. Zonal rankings are 

separated on six different geographic locations, namely, North, South, Centre, Lisbon, Azores, and 

Madeira. Each location has their own tournaments and athletes from each location are ranked based 

only on the 4 different zonal tournaments. As for national rankings, those will be established by the sum 
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of the nine best scores obtained by each athlete in the National Seniors Circuit competitions (Zonal 

Phase, National, Club Tournaments, National Senior Team Championships and National Senior 

Championship) and in the competitions of the International Circuit of Seniors and Para badminton 

(competitions under the umbrella of Badminton Europe and Badminton World Federation) (11). 

Despite being such a popular sport, it is safe to say that badminton is a sport predominantly 

dominated and practiced in Asian countries (112), as there is a greater investment in the sport, and 

it is also rooted in the culture of the population. In Portugal specifically, there is a lack of existing 

literature surrounding this sport and we personally consider that there is a big opportunity for growth 

and further development of this sport in this country. 

1.1.2 Physical Fitness 

Physical fitness is a set of attributes that people have or achieve. Being physically fit has been 

defined as the ability of your body systems to work together efficiently to allow you to be healthy 

and perform activities of daily living (12). 

The literature has defined two approaches (two types) to physical fitness: health related fitness and 

skill related fitness or motor performance (13). Health-related fitness is theoretically defined as a 

multidimensional construct containing the markers, cardiovascular endurance, muscular strength, 

muscular endurance, flexibility, and body composition (14), while skill or performance related 

fitness is broken down into six markers, namely, agility, coordination, balance, power, reaction 

time, and speed (15). For the purposes of this dissertation, the designation “physical fitness” will 

have a global approach, integrating both the markers of fitness related to health and skill and will 

be used to refer to any topic pertaining to physical fitness. 

Physical fitness markers have been shown to have a significant relationship with enhanced 

outcomes in physical activity, including sports performance (16). In other words, an athlete’s 

physical fitness is very important for their sports performance. Beyond specific skill training, 

physical fitness is a key component in determining and predicting the success of a badminton 

player (17,18). Thus, for improving the performance of badminton players, it is important to identify 

the specific traits and parameters, which contribute to the improvement of one’s abilities (19). With 

this in mind, a badminton player looking to excel in the sport should seek to improve in each 

individual fitness marker as they all are an important part of the sport. 

Agility is defined as a rapid whole-body movement with a change of velocity or direction in response 

to a stimulus. It is also a fundamental variable for excellent performance in badminton (20). Agility 

is needed in order to maintain balance when performing manoeuvres rapidly and accurately. In the 

context of the sport, agility is associated with the capability that an athlete has to move around the 

court and changing directions, while maintaining balance and doing so as fast as possible (21). 

Body composition is a factor that can influence athletic performance and as such is of considerable 

interest to athletes and coaches (22). The evaluation of anthropometric measurements is widely 
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used for various purposes, such as identifying talent (23) and monitoring the development of 

muscle mass, which can contribute to improving body movement and metabolic demand (24). It 

becomes, therefore, crucial for athletes and coaches to try to understand which body composition 

parameters should be optimized to ensure the best performance of athletes. Due to the nature of 

the sport, badminton requires that athletes are able to lift their bodyweight repeatedly against 

gravity and put load on their joints constantly (25).  

This in terms, means that a badminton player’s body composition will have an impact on their 

performance on the court. 

Balance refers to an individual’s ability to maintain their line of gravity within their base of support 

(26). In badminton, irrespective of the strokes they want to play, the athletes need to maintain their 

centre of gravity within the base of support, in order not to lose balance and to move in any direction 

after returning the shuttlecock (27), therefore balance is a crucial aspect of the sport. 

Cardiovascular endurance is the ability of the lungs, heart, and blood vessels to deliver a certain 

amount of oxygen and nutrients to cells to meet the needs of physical activity that lasts a long time 

(28). In badminton, this translates to the ability to continue a rally for a long period of time without 

fatiguing rapidly. It is a fundamental skill in any sport and badminton is no exception. 

Coordination may be defined as the ability to use different parts of the body together smoothly and 

efficiently (29). In badminton, the athletes need to perform and switch between strokes in a brief 

time frame while depending on balance, agility, and ball handling skills (30). By improving their 

coordination, athletes will be able to move more efficiently on court and perfect their technical skills. 

Just like all markers of physical fitness, flexibility is also a very important in most sports. In 

badminton there is a correlation between higher levels of flexibility and sports specific performance 

(31). 

Muscular endurance is the ability of a muscle or group of muscles to perform repetitive contractions 

against a force for an extended period of time (13). This marker has an indirect influence in badminton 

because the athlete must be able to maintain, throughout the entirety of the match or competition, the 

movement of hitting the shuttlecock and moving around the court, which requires many repetitions of 

force production (32). 

Due to the highly fast nature of badminton, athletes are forced to constantly analyse and adapt 

during the match. This forces the player to react precisely and quickly thus improving their judgment 

and anticipation skills (33). This, in terms, means that faster reaction times will lead to better 

performance for badminton players (34). 

One of the most frequent advice given by badminton coaches to athletes is to reach the shuttle at 

its highest point. If a player lacks speed, he will struggle to perform this task. Not only will a faster 

player be able to move around the court quicker, but he will also reach shots quicker, putting 

pressure on his opponent. 

Strength and power are essential for badminton players. Lower-limb strength and upper-limb power 

has been showed to correlate to better agility and speed on court in these individuals (35,36). 
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These findings are consistent with empirical evidence, which suggest that stronger and more 

powerful muscles will be able to produce higher force outputs be it in their shots, or their movement, 

thus improving performance. 

Based on the presented evidence, physical fitness stands as an important predictor of athlete’s 

performance. Nevertheless, there is some scarcity in the literature concerning guidelines and cutoff 

values regarding badminton players. 

This lack of existing recommendations directed towards these athletes is a knowledge gap that 

may limit coaching and athlete development in this sport. For this reason, the authors aimed at 

addressing this knowledge gap by means of a scoping review. Subsequently a characterization 

study, and finally a cross-sectional study based on the data collected from the review. The current 

dissertation is composed of five chapters each outlined and described in section 1.4 of this 

document. 

1.2 Research Questions 

Since there is some scarcity in the available literature regarding the assessment of fitness markers 

and their relationship with badminton sports performance, it was identified the need to contribute 

to the understanding of the importance of fitness testing in badminton players and increase the 

available information regarding this topic. In order to do so, the following questions were 

formulated: 

 1- What are the tests predominantly used in the assessment of badminton players and what tests 

are considered the gold standard? 

 2- How is the Portuguese elite badminton player characterized in regard to four different physical 

fitness markers (agility, body composition, cardiovascular endurance, and power)? 

 3- Which studied fitness marker is most correlated with badminton sports performance in elite 

Portuguese elite badminton player? 

1.3 Purposes of this research 

The main purpose of this dissertation was to contribute towards the development of the research 

in Portugal in regard to badminton, as well as to increase the available information concerning the 

assessment of fitness markers and the relationship between different fitness markers and 

badminton sports performance. With this in mind, the following specific purposes of this dissertation 

were formulated: 

1- To analyse the state of the art regarding which tests are predominantly used to assess each of 

the different fitness markers (agility, balance, body composition, cardiovascular endurance, 

coordination, flexibility, muscular endurance, power, reaction time, speed, and strength) in 

badminton players; 
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2- To characterize the Portuguese elite badminton player in regard to four markers of fitness (agility, 

body composition, power, and cardiovascular endurance); 

3- To analyse the relationship between different fitness markers and sports performance of elite 

Portuguese badminton players. 

1.4 Outline of this dissertation 

The present dissertation is composed of five chapters, as presented subsequently. 

Chapter 1 – Introduction 

The introduction chapter of this dissertation exhibits the rationale for the present research. It 

introduces the studied problem as well as the purposes of the dissertation and the general research 

questions. 

Chapter 2 – Study 1: “Fitness Tests for The Assessment of Badminton Players – A Scoping 

Review.” 

This chapter presents study 1. The aim of this study was to provide an analysis and summarize 

the existing literature, regarding which tests are predominantly used to assess each of eleven 

different fitness markers (agility, balance, body composition, cardiovascular endurance, 

coordination, flexibility, muscular endurance, power, reaction time, speed, and strength) in 

badminton players. 

Chapter 3 – Study 2: “Characterization of Portuguese National Team Badminton Players Key 

Fitness Markers.” 

This chapter presents study 2. The aim of this study was to characterize the Portuguese elite 

badminton player in four fitness markers (agility, body composition, power, and cardiovascular 

endurance) as well as biosocial data, and to compare the values obtained with data from recent 

existing literature. 

Chapter 4 – Study 3: “Usefulness of Key Fitness Markers for the Prediction of Portuguese National 

Team Badminton Players Performance and Ranking.” 

This chapter presents study 3. The aim of this study was to analyse the relationship between 

various fitness markers (agility, body composition, power, and cardiovascular 

Chapter 5 – Conclusions 

This chapter presents the main and final conclusions of this dissertation, those directly from the 

results, and their practical implications for badminton coaches in the field and also finding gaps 

and opportunities for further research. 
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Chapter 2 – Study 1: Fitness Tests for The Assessment of Badminton 
Players – A Scoping Review.” 

Abstract 

Physical fitness is directly associated with sports performance. Considering the specificity of 

badminton, in order to improve performance, it is important to use sport-specific approaches. To 

our knowledge, some shortage of literature exists surrounding specific fitness assessment tools 

recommended for badminton players. This may undermine the work of coaches and the 

performance of athletes. PURPOSE: The aim of this study was to perform a scoping review in 

order to summarize and analyse the tests used to assess physical fitness in badminton players. 

METHODS: This study followed the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses extension for Scoping Reviews (PRISMA-ScR) guidelines. Databases including EBSCO, 

PubMed, and Web of Sciences, were searched for published data up to march, 16th, 2023, 

regarding each of eleven physical fitness markers. Two independent authors screened the articles, 

using the Rayyan software. RESULTS: Twenty-six studies were eligible to be included in this 

scoping review (n=12 agility; n=6 balance; n=20 body composition; n=7 cardiovascular endurance; 

n=1 coordination; n=1 muscular endurance; n=1 flexibility; n=8 power; n=3 reaction time; n=7 

speed; n=11 strength). The authors found a wide variety of tests used in the assessment of 

badminton players and a consensual gold standard could not be determined for each fitness 

marker. Only the assessment of body composition, speed and strength presented some 

consistency in the assessment tools, namely the use of weight and height, the 30m sprint test and 

the handgrip dynamometer test, respectively. Nevertheless, these tests may be considered generic 

and not sport-specific for badminton. All other fitness markers lack consistency in the physical 

fitness assessment tools reported in the literature. CONCLUSION: Based on the results of this 

scoping review, we can conclude that the assessment of fitness markers in badminton players is 

not yet fully established, nor consistent, and needs further research for the development or 

confirmation of physical fitness assessment tools that are useful for badminton coaches and 

athletes’ performance.
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2.1 Introduction 

Physical fitness refers to the ability of the various body systems to work together efficiently to perform 

daily activities and stay healthy and is typically measured using six skill-related markers (agility, 

balance, coordination, power, reaction time, and speed) and five health-related (body composition, 

cardiovascular fitness, flexibility, muscular endurance, and strength) (37). Thus, the relationship 

between physical fitness and sports performance becomes clear because the latter is based in a 

complex and intricate diversity of variables, which include physical (general & specific conditions), 

psychological (personality & motivation), sociological and physical (body morphology, anthropometry & 

body composition) characteristics (38). Regarding sports, we know that the quality of the training can 

be improved, above all, by using special technique-specific exercises and sport-specific tests (39). 

Consequently, it is important to direct one’s attention to the development of highly specific means of 

training. With badminton being a very performance-oriented sport by nature and being characterized by 

very precise high-intensity, intermittent actions, it becomes important to identify the specific traits and 

markers, which contribute to the improvement of performance. In Portugal there is very few data 

available regarding physical fitness and badminton, but international data tells us that there is a big 

correlation between physical fitness and performance in badminton players (40). Taking this into 

consideration, it is crucial for badminton coaches and elite athletes to know how to test and train these 

markers to improve performance. 

There is a scarcity of descriptive data on the performance capabilities of badminton players (41), but 

despite this, it has also been established that apart from the demands of high levels of technical skill 

and mental acuity, essential requirements for badminton fitness include stamina, speed, endurance, 

strength, and physical agility, alongside other physical fitness markers (7). Because of the lack of 

descriptive data regarding physical fitness and performance in badminton, this key component often is 

neglected by athletes and coaches, who focus primarily on skill training. But we know that if a player 

intends to achieve reasonable success in international badminton competitions, improvements in 

physical fitness need to be emphasised in addition to skills training.  

For that purpose, it becomes imperative that coaches know not only the best way to train each physical 

fitness marker in the most adequate way but also know how to test and evaluate each fitness marker. 

In the meantime, there is a huge diversity of tests that can be applied to measure each physical fitness 

marker.  

This proves to be a problem because the lack of existing literature in this regard makes it difficult 

to standardize and uniformize the testing for each fitness marker in badminton players. 

Standardizing fitness testing in any sport is beneficial to athletes and coaches because it allows 

them not only to compare results to normative data (42), but also to establish the strengths and 

weaknesses of the athletes (43), monitor their progress (43), predict performance, and helps with 

the identification of talents (44) as well as many other documented benefits (45). Due to this big 
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diversity of existing tests, some of these benefits may be lost and coaches may find more difficult 

to know what aspects of their athlete’s physical fitness may need work and how does their 

performance compare to other elite athletes. This lack of specificity regarding what are the most 

adequate tests to measure physical fitness markers in badminton may have a detrimental effect on 

the work done by coaches with badminton players because it will be harder to tailor their training 

programs according to their specific needs. By conducting a study with standardized fitness tests, 

coaches and athletes can effectively monitor improvements in the fitness markers they find more 

important to improve their own specific performance. This data can be used to make targeted 

adjustments to their training regimen to improve their performance in specific areas, thus 

enhancing their performance on the court. 

Therefore, given the current limitations of existing meta-analyses and syntheses, and the need to 

contribute to the assessment and standardization of fitness testing in badminton, the purpose of this 

study is to analyse and summarize the existing literature, regarding what tests are predominantly used 

to assess each of the eleven different fitness markers (agility, balance, body composition, 

cardiovascular endurance, coordination, flexibility, muscular endurance, power, reaction time, speed, 

and strength) in badminton players. 

2.2 Methods 

For this scoping review, we adopted the PRISMA-ScR guidelines (46). This review was also done using 

Rayyan (47). Contrary to a systematic review, a scoping review aims to provide an extensive coverage 

of a certain topic while a systematic review does an exhaustive coverage of a certain topic and assesses 

the research quality of each article included. As such, the quality assessment of each article was not 

conducted because it is not mandated by the PRISMA guidelines for scoping reviews (46). 

2.2.1 Eligibility Criteria 

Studies were considered eligible and included in the review if they met the following criteria: 
 

1- The study includes male and female competitive badminton players with more than 16 years 
old; 
 

2- The study includes at least measurements of one or more outcomes of interest (Agility; Balance; 

Body Composition; Cardiovascular Endurance; Coordination; Endurance; Flexibility; Power; 

Reaction Time; Speed; Strength); 
 

3- The study must include participants who are body abled; 
 

4- The study must include only papers written in English. 
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2.2.2 Information Sources 

To select studies for our research, we searched three different electronic databases (EBSCO, PubMed, 

and Web of Science) from inception up to March 16, 2023. For each fitness component, we utilized 

different command lines during the electronic searches. The search syntax was initially developed for 

PubMed (Table 1) and then adapted for use in the other databases. All search results were then 

extracted to a reference manager (48) and split in different folders regarding what fitness marker they 

analysed. 

Table 1. Search Syntax originally designed for PubMed and then adapted to other databases. 

Fitness Component Keywords Used     

  
Agility Agility AND Badminton AND Assessment 
  

Balance Balance AND Badminton AND Assessment 
  

 (Body Composition OR Body Fat OR Muscle 

Body Composition Mass OR Fat Mass) AND Badminton AND 

 Assessment      
     

 (Cardio Endurance OR Cardiovascular 

Cardiovascular Endurance Endurance) AND  Badminton AND 

 Assessment      
      

Coordination 
Coordination AND  Badminton AND 

Assessment 
     

      

  

Muscular Endurance 
(Muscular Endurance OR Resistance) AND 

Badminton AND Assessment 
 

  

      

Flexibility 
(Flexibility  OR Range of Motion) AND 

Badminton AND Assessment 
 

  

  

Power Power AND Badminton AND Assessment 
     

Reaction Time 
Reaction Time   AND Badminton AND 

Assessment 
     

      

  

Speed Speed AND Badminton AND Assessment 
      

Strength 
(Muscular Resistance OR Strength) AND 

Badminton AND Assessment 
 

  

        

2.2.3 Selection Process 

After extracting all the references to the reference manager, all papers were uploaded to Rayyan 

(47). Rayyan is a software which enables researchers to organize, manage and accelerate their 

collaborative literature reviews (47). When all articles were uploaded to the software, all duplicates 

were then excluded. 
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We then proceeded to screening all the abstracts. Two review authors (the main researcher and other 

researcher of the project) screened and reviewed all titles and abstracts independently to see if the 

studies were eligible based on the inclusion criteria. The previously mentioned review authors then 

retrieved and assessed independently the full texts of the potential eligible studies.  

Any inconsistency in the results was solved by group discussion involving a third author (the main 

adviser) who would make the final decision by consensus. In total, twenty-six studies were included 

in the qualitative synthesis. 

2.3 Results 

This scoping review included six hundred and thirty-nine articles that were identified in the initial 

search. After the exclusion of duplicates process, three hundred and forty-eight articles remained. 

These articles were then screened by abstract, and thirty-five articles remained. Finally, after the 

full article screening, twenty-six studies were ultimately included in this study (23,41,49–72). 

Included Sources of evidence are synthesized in Figure 1. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Flow chart of literature search strategy and screening of the identified research for inclusion.

Records identified from: 
Databases (n =639): 

PubMed (n= 501) 
WebOfScience (n=73) 
EBSCO (n=65) 

 

Records removed before screening: 
Duplicate records removed  
(n =291) 
Records marked as ineligible by 
automation tools (n =0) 
Records removed for other 
reasons (n =0) 

Records screened 
(n =348) 

Records excluded 
(n =313) 

Reports sought for retrieval 
(n =35) 

Reports not retrieved 
(n =0) 

Reports assessed for eligibility 
(n =35) 

Reports excluded: 
Wrong Population (n =6) 
Wrong Outcome (n =3) 

 

Studies included in review 
(n =26) 
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Eleven different tables were created, each table regarding one component of the physical fitness. 

In each table, the publication’s goal, sample size, instruments used, cutoff values, intervention and 

measuring protocol were described. All eleven tables are presents in the annexes section of this 

dissertation (Annexes 1-11). 
 
In general, most of the publications included in this study were Cross-Sectional studies. Out of the 26 

included papers, twelve (23,41,51,53,59,63,65–67,70–72) were cross-sectional type studies, 

meanwhile one (53) of those was a followed cross-sectional design but it was also a validation study. 

The second most used study design was Randomized Controlled Trial with eight (52,54–

56,61,62,64,68) papers following this design, while two (55,64) of these papers were Randomized 

Controlled Trials with a Crossover Design. Also, five (49,57,58,60,69) studies followed a Cohort Study 

design and one (50) study followed a Two-Intervention-Groups Randomized Trial study design. 

2.3.1 Agility 

A total of 12 (23,49–57,59,60) publications were analysed. Out of these twelve papers, three 

(49,57,60) followed a Cohort study design, three (23,51,59) followed a Cross-Sectional design and 

3 (52,54,56) followed a Randomized Controlled Trial design. Out of the three remaining papers, 

one (55) followed a Randomized Controlled Trial with a Crossover design, other (54) followed a 

Cross-Sectional and Validation design and other (50) followed a Two-Intervention-Groups 

Randomized Trial. 
 
To measure agility, a total of seventeen tests were applied. The modified Change of Direction 

(COD) (51,52) Test and the Agility T-Test (49,56) were the most used, being applied in two different 

publications each. All the remaining tests were applied in only one study each with badminton 

players. 

2.3.2 Balance 

A total of five (52,54,60–62) publications were analysed. Out of these five studies, four 

(52,54,60,62) followed a Randomized Controlled Trial design while one (60) followed a Cohort 

design. 
 
To measure balance, a total of five tests were applied. The Y Balance Test (YBT) (52,61) was the 

most used, being applied in two different publications. All the remaining tests were applied in only 

one study each with badminton players. 

2.3.3 Body Composition 

A total of twenty (23,49,51,52,54–61,63–70) publications were analysed. Out of these twenty 

papers, eight (23,51,59,63,65–67,70) followed a Cross-Sectional study design, while five 

(49,57,58,60,69) followed a Cohort design, five (52,54,56,57,61) followed a Randomized 
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Controlled Trial design and two (55,64) followed a Randomized Controlled Trial with a Crossover 

design. 
 
To assess body composition, a total of ten parameters were measured. Height (23,49,51,52,54–

62,63–67,69,70) and Body Mass (BM) (23,49,51,52,54–60,63– 67,69,70) were the most measured 

parameters, being assessed in eighteen different publications. Body Mass Index (BMI) (23,55–

61,68,70) was measured ten times while Fat Mass (FM) (23,49,57–59,65,69) was measured 

seven. Fat Free Mass (FFM) (49,65,69) was assessed three times while forearm length (63,70) 

was assessed twice. All remaining parameters were applied in only one study each with badminton 

players. 

2.3.4 Cardiovascular Endurance 

A total of seven (23,41,55,57,59,64,69) publications were analysed. Out of these seven papers, 

three (23,41,59) followed a Cross-Sectional study design, while two (57,69) followed a Cohort 

design and two (55,64) followed a Randomized Controlled Trial with a Crossover design. 
 
To measure cardiovascular endurance, a total of six tests were applied. The Yo-Yo Intermittent 

Test Level 1 (55,69) was the most used, being applied in two different publications. 

It should be noted that the Maximal Oxygen Uptake (Vo2Max) was measured three times, although 

with three different tests (57,59,64). All remaining tests were applied in only one study each with 

badminton players. 

2.3.5 Coordination 

Only one publication was analysed (23). This paper followed a Cross-Sectional study design. To 

measure coordination, only one test was applied. That was the three subtests of the 

KörperkoordinationsTest für Kinder (KTK) (23). 

2.3.6 Flexibility 

Only one publication was analysed (23). This paper followed a Cross-Sectional study design. To 

measure flexibility, two tests were applied. Those were the Sit-And-Reach Test (EUROFIT) and 

the Shoulder Rotation Test (23). 

2.3.7 Muscular Endurance 

Only one publication was analysed (23). This paper followed a Cross-Sectional study design. To 

measure muscular endurance, two tests were applied. Those were the Knee Push-ups and Sit Ups 

Tests according to the BruininksOseretzky Test (BOT-2) of Motor Proficiency procedures (23). 

2.3.8 Power 

A total of eight publications were analysed (23,51,55–58,60,66). Out of these eight papers, three 

(23,51,66) followed a Cross-Sectional study design, three (57,58,60) followed a Cohort design, one 
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(56) followed a Randomized Controlled Trial design and one (55) followed a Randomized 

Controlled Trial with a Crossover design. 
 
To measure power, a total of nine tests were applied. The Countermovement Jump (CMJ) Test 

(23,51,57,58,66) was the most used, being applied in five different publications. The Vertical Jump (VJ) 

Test (55,60) and the Standing Broad Jump (SBJ) Test (23,56) were applied in two different 

publications while all remaining tests were applied in only one study each with badminton players. 

2.3.9 Reaction Time 

A total of three publications were analysed (64,68,71). Out of these publications, one 
 

(64) followed a Randomized Controlled Trial with a Crossover study design, one (68) followed a 

Randomized Controlled Trial design and one (71) followed a Cross-Sectional design. 
 
To measure reaction time, a total of three tests were applied. All three tests were only applied in 

one study each with badminton players. 

2.3.10  Speed 

A total of six publications were analysed (23,51,55,56,60,67). Out of these six publications, three 

(23,51,67) followed a Cross-Sectional study design, one (55) followed a Randomized Controlled 

Trial with a Crossover design, one (56) followed a Randomized Controlled Trial design, and one 

(60) followed a Cohort design. 
 
To measure speed, a total of five tests were applied. The 30-meter sprint test (56,60,67) was the 

most used, being applied in three different publications and being applied in another study but with 

a variant (2x30m Sprint Test) (23). All remaining tests were applied in only one study each with 

badminton players. 

2.3.11  Strength 

A total of eleven publications were analysed (49,52,55,58,63,65,66,68–70,72). Out of these eleven 

publications, five (63,65,66,70,72) followed a Cross-Sectional study design, while three (49,58,69) 

followed a Cohort design, two (52,68) followed a Randomized Controlled Trial and one (55) followed a 

Randomized Controlled Trial with a Crossover. To measure strength, a total of ten tests were applied. 

The Handgrip Dynamometer Test (55,58,69) was the most used, being applied in three different 

publications. All remaining tests were applied in one study each with badminton players. 

2.4 Discussion 

The aim of this scoping review was to summarize, analyse and offer a synthesis of the current 

existing research regarding the panorama of the assessment of physical fitness in badminton 

players. In this section, we present a brief overview of the main results included in this study, with 

a focus on each marker of physical fitness. 
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2.4.1 Agility 

In regard to agility, some tests were used but there is no consensus regarding which test can be 

viewed as the “gold standard” to accessing agility. The most used tests were only used twice each 

while the vast majority of tests were only applied once, meaning that there is a big lack of 

consensus in the literature, and it can be difficult to extrapolate meaningful conclusions from it.  

If an author were to pick a test to apply on their own research, some factors should be taken into 

consideration, namely, what type of materials are available for them to use, the simplicity or 

complexity of the test and what test seems to adapt better to the author’s target population and 

investigation purposes. 

2.4.2 Balance 

In consideration to balance, only five tests were used and while the YBT (52,61), appears to be the 

most used test, the sample size of this study is not enough to draw meaningful conclusions. That being 

said, if an author were to pick a test to apply on their own research, some factors should be taken into 

consideration, namely, what type of materials are available for them to use, the simplicity or complexity 

of the test and what test seems to adapt better to the author’s target population and investigation 

purposes. 

2.4.3 Body Composition 

Regarding body composition, this marker seems to be where there is more information available in the 

literature as well as a consensus on what parameters of body composition seem to be viewed as the 

most important and more meaningful to badminton. Research tends to appoint height and BM as the 

most used way to evaluate body composition. Meanwhile other parameters such as BMI and FM appear 

to also have enough data accessible do draw valid conclusions and may be viewed as viable options 

in regard to accessing body composition. A combination of the aforementioned markers may be 

considered ideal to withdraw the most amount of information from this marker. 

2.4.4 Cardiovascular Endurance 

In consideration of cardiovascular endurance, seven tests were conducted but there is no 

consensus regarding which test can be viewed as the “gold standard” to accessing cardiovascular 

endurance. The most used tests were only used two times each while most tests were only applied 

once, meaning that there is a big lack of consensus in the literature, and it can be difficult to 

extrapolate meaningful conclusions from it.  

While conducting future research, some factors should be taken into consideration, namely, what 

are the materials available for use, what is the degree of complexity of the considered tests and 

which of those tests seem to fit in better with the research’s target population and purposes.  



 

André Rafael de Cabrita Pito  

 17         
 

Other than that, measuring Vo2Max appears to be a good starting point to access cardiovascular 

endurance, because it is widely used for athletes and the general public as a measure of aerobic 

fitness (73), although further research should be conducted in badminton players to withdraw 

conclusions for this population. 

2.4.5 Coordination 

In regard to coordination, there is a shortage of literature found in this line of research, with only 

one study being included. This in terms means that only one test was conducted, meaning 

therefore, that few or no conclusions can be extrapolated from it. If an author was to conduct a 

study on this topic with this population, it may be suggested that he uses the only test available in 

this research, the three Subtests of the KTK (23), while always keeping in mind that further research 

should be conducted. 

2.4.6 Flexibility 

Concerning flexibility, there is an absence of literature found in this research line, with only one 

study being included. This means that only two tests were applied, meaning therefore, that few or 

no conclusions can be extrapolated from it. If an author was to conduct a study on this topic with 

this population, it may be suggested that he uses one of the two tests available in this research, 

the Sit-And-Reach Test (EUROFIT) and/or the Shoulder Rotation Test (23). The choice regarding 

what test to use could be based on some factors such as the simplicity or complexity of the test 

and what test seems to adapt better to the target population and research purposes. It should also 

be kept in mind that further research should be conducted. 

2.4.7 Muscular Endurance 

Regarding muscular endurance, there is a shortage of literature in this line of research, with only 

one study being included.  

This implies that only two tests were conducted, meaning, that few or no conclusions can be 

extrapolated from it. If a study on this topic with this population was to be conducted, it may be 

suggested that he uses one of the two tests available in this research, the Knee Push-ups and/or 

the Sit Ups Tests according to the BOT-2 of Motor Proficiency procedures (23).  

The choice regarding what test to use could be based on some criteria such as the degree of 

complexity of the test, what materials are available and what test appears to be more coherent with 

the target population and investigation purposes. It should also be kept in mind that further research 

should be conducted. 
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2.4.8 Power 

In consideration of power, some tests were used and there appears to be some consensus regarding 

which test is considered the “gold standard” to accessing power. The research tends to appoint the 

CMJ to be the most used test to measure this marker in badminton players. Previous literature also 

found that jumping and landing movements are fundamental features of many sporting activities (74), 

such as badminton which requires great explosive athleticism with athletes required to jump for height 

or distance 
 
(2). This may also mean that tests that require jumping, like the CMJ test, are adequate to use with 

badminton players. 

2.4.9 Reaction Time 

In regard to reaction time, there is a shortage of literature found in this line of research, with only 

three studies being included. Also, there is no consensus regarding which test can be viewed as 

the “gold standard” to accessing reaction time because all tests were only used once. The 

combination of the small sample size and the lack of consensus in the literature makes it difficult 

to draw meaningful conclusions. Considering the previous data, when picking a test to use with 

badminton players, some factors should be taken into consideration, namely, what sort of materials 

are available for use, the simplicity or complexity of the test and what test seems to adapt better to 

the target population and to the purposes. 

2.4.10  Speed 

Concerning speed, six tests were used and there appears to be some consensus regarding which test 

is considered the “gold standard” to accessing speed. The research tends to appoint the 30-meter sprint 

test (56,60,67) to be the most used test to measure this marker in badminton players. While this test 

was the most used in this research, previous literature remarks that although sprint tests may be used 

for a general determination of the athlete’s explosive exercise capacity (75,76) but the transfer ability 

from such tests to badminton or other racket sports is questionable due to the highly specialized nature 

of the movement patterns that depict these sports (77–79) It might be beneficial to keep this in mind 

for future research and consider the adequacy of these types of tests. 

2.4.11 Strength 

Regarding strength, a good volume of literature was found in this line of research, in the meantime, a 

vast number of tests was used and there appears to be a minor consensus regarding what test is 

considered the “gold standard” to accessing strength. The handgrip dynamometer test was used three 

different times (55,58,69) while all the other tests were used only once. Despite this difference, there is 

a visible diversity in the tests used to measure strength. This may make it harder to draw valid 

conclusions. Even still, based on this study, if an author was to conduct a study on this topic with this 
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population, it may be suggested that he uses the handgrip dynamometer test to assess strength. 

Previous literature also suggests that the wrist action in badminton is crucial for creating powerful shots 

and enhancing control over the shuttle's course (79). This may mean that a test like the handgrip 

dynamometer test, may give some insight in regard to a player’s performance and can be adequate to 

use with badminton players. 

2.4.12.   Strengths and Limitations 

The findings of the present review should be interpreted with caution and considered in light of the 

following limitations. Firstly, there is a visible diversity in the tests utilized to measure each marker 

of physical fitness. In some markers such as coordination, flexibility, and muscular endurance, only 

one publication was found, which in terms meant that only one test per marker was used. 

Meanwhile, in all other physical fitness markers, there was a big diversity of tests utilized. This 

makes it difficult to compare the findings produced.  

Secondly, due to the shortage of studies conducted in this line of research, it would be desirable 

to expand the search to include papers published in more languages (mainly Chinese and Korean).  

This may prove to be very useful because badminton is a very popular sport worldwide and there 

is a high likelihood that more useful research has been conducted mainly in Asian Countries. 
 
Finally, in some markers there is some literature available, while in others, very few is accessible. 

This lack of consistency and coherence may limit the development of the sport. A greater number 

of studies are needed specially in some markers such as flexibility, coordination, reaction time and 

muscular endurance. This lack of research in the aforementioned markers makes it difficult to draw 

reliable conclusions. 

2.5. Conclusions 

This scoping review provided a key insight into the state of the present literature regarding the 

assessment of fitness in badminton players. Our research suggests that out of the eleven analysed 

fitness markers, agility, balance, cardiovascular endurance, coordination, flexibility, muscular 

endurance, and reaction time did not appear to have a consistent test which could be viewed as 

the “Gold Standard for its assessment. In regard to body composition, it appears that this is the 

most researched marker and height, and BM were the most tested parameters to assess this 

marker. In consideration of power, the CMJ Test seems to be the most standardized way to assess 

this marker. Regarding speed, the 30m sprint test seems to be the most standardized way to 

assess this marker. Finally, in regard to strength, there appears to exist a minor consensus that 

regards the Handgrip dynamometer test as the most predominant way to assess strength. 
 
In general, there is a scarcity of literature surrounding this topic. This is especially apparent in some 

markers such as coordination, flexibility, and muscular endurance. Alongside this absence of 

literature available, there is also a noticeable variety in the tests utilized. A lack of test 
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standardization was also present in some of the studied fitness markers. These limitations not only 

make the process of comparing and drawing meaningful conclusions from the present research 

very challenging due to the lack of consistency, coherence, and consensus, but also may have 

practical repercussions as it may harm the quality of the work done by coaches and athletes 

towards improving their performance. 
 
The authors consider that standardizing fitness testing would provide many benefits to the 

improvement of the sport and a starting point for more profound investigations to be carried over. 

Given the research gaps found in this line of investigation, it becomes fundamental that further 

scientific production in this area is conducted. It is also important to note that the lack of consensus 

in the literature relative to what tests are viewed as the “Gold Standard” in each marker may 

condition the work done by coaches and athletes towards improving performance in each of those 

same markers.
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Chapter 3 – Study 2: “Characterization of Portuguese National Team 
Badminton Players Key Fitness Markers” 

Abstract 

Physical fitness is directly associated with sports performance. It is important to have cutoff values 

of elite athletes in order to have a measure of comparison and a point of reference to where 

coaches and athletes can know in what aspects should they focus more or less time of training on. 

To our knowledge, such cutoff values don’t exist in Portuguese elite badminton players. This may 

be hindering the development and performance of athletes and may also undermine the work of 

coaches. PURPOSE: The aim of this study was to characterize the Portuguese elite badminton 

player in respect to four different fitness markers and to compare the findings with other available 

literature. METHODS: Elite level Portuguese male and female badminton players (n=23) with an 

average age of 21.2 ± 3.5 and 23.4 ± 2.9 years old, respectively, were tested in four different fitness 

markers (agility, body composition, power, and cardiovascular endurance). The assessments were 

made over four days in a Portuguese National Badminton Team internship. One Sample t-test was 

used to compare results with other European data. RESULTS: Portuguese elite badminton players 

on average train less than Spanish elite badminton players. On average, Portuguese elite male 

badminton players are younger than the top 100 players in the world. Portuguese female elite 

badminton players are, on average, the same height as Polish and Spanish female elite badminton 

players but are also heavier. Portuguese elite male badminton players have on average, lower 

body fat levels than Turkish elite male badminton players, and similar levels to Spanish elite male 

badminton players. On average, male elite Portuguese badminton players showed better 

performance on the agility test when compared to Polish elite male badminton players. 

CONCLUSION: This study publishes physical fitness reference values for Portuguese elite 

badminton players. Both the methodology used, and the reference values may be useful for the 

work of coaches and athletes in achieving higher performances.
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3.1 Introduction 

Badminton is a sport that involves various high intensity movements, including accelerations, 

decelerations, quick court movements, and rapid changes of direction over short distances, all of 

which involve the whole body to produce maximum power. Badminton is a sport that is very 

physically demanding, requiring athletes to reach great levels of physical fitness. (87,88). It also 

includes high levels of mental acuity and technical skill (7). This is consistent with more literature 

that suggests that the most important characteristics of athletes in badminton are technical skill, 

physical performance capacity and anthropometrical factors (40). Badminton is a popular sport 

worldwide, but it is played mainly in Asian countries, where more investment in the sport exists, 

and it is also culturally deeper rooted. 
 
There are numerous performance factors in badminton, revealing the sport’s high degree of 

complexity. Even though, the literature suggests that the most important characteristics of athletes 

in badminton are technical skill, physical fitness and anthropometrical factors (40), there seems to 

be a lack of descriptive data regarding physical fitness and performance in badminton. These 

components are many times sub valued by athletes and coaches, who focus primarily on skill 

training (89). As time passes and technological advances become more accessible, performance 

analysis has become an important part of an athlete’s development and coaching process and is 

even considered by some to provide a considerable competitive advantage (90). Unfortunately, 

even though performance analysis keeps evolving at a very fast rate and that coaches and athletes 

should strive to keep up with this advancement (91), there is still a gap in the literature regarding 

one of the most basic components of performance analysis, namely, physical fitness testing for 

badminton players. 
 
With physical fitness being an important variable of sports performance, it becomes primordial that 

coaches and elite athletes have access to raw data and respective reference values on badminton 

specific physical fitness testing. 
 
Taking the previous rational into consideration, a valid question to ask would be: “What physical 

fitness traits do elite badminton players possess?” Despite the pertinency of this question, when 

analysing the available literature, we quickly discover that most of the available data pertaining to 

performance and badminton is more focused on match analysis and the biomechanics of certain 

movements and strokes specific to the sport. The research involving the testing of physical fitness 

markers and badminton performance is somewhat scarce and as such few valid conclusions could 

be drawn. 

Based on this, the research is scattered and there is a lack of standardized fitness testing each 

fitness marker in badminton players, whose fitness requirements are quite specific (92). This in 

terms means that it may be difficult to create a profile of the elite badminton player due to the lack 
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of standardized testing and respective reference values. In Portugal the literature is almost non-

existing regarding physical fitness and badminton, but international research tells us that there is 

a big connection between these two variables (93). 
 
Consequently, given the present limitations in the literature, and the need to further contribute to 

the development of the research regarding physical fitness in badminton, the aim of this study is to 

characterize the Portuguese elite badminton player (grouped into singles and doubles) in respect 

to four markers of fitness (agility, body composition, power, and cardiovascular endurance) as well 

as biosocial data, and to compare the values obtained with data from the current existing literature. 

3.2 Methods 

This study deserved the approval of the Ethics Committee of the Santarém Polytechnic University 

under the code Nº2-2024ESDRM. 

3.2.1 Study Design 

This study followed a cross-sectional design. This intervention took place in the High-Performance 

Centre of Badminton in Caldas da Rainha, Portugal over the span of four days. In this internship, 

the participants were split into two different groups: Group 1 – Singles; Group 2 – Doubles. Thirteen 

athletes were a part of the singles group while ten athletes were a part of the doubles group. The 

singles group partook in the intervention on day 1 and day 2 while the doubles group partook in 

the intervention on days 3 and 4. Although the participants were split into groups, both groups did 

the intervention in the exact same conditions. One week prior to the internship, each participant 

was given a pamphlet with detailed explanation of each procedure for the assessments. 

Additionally, the declaration of informed consent was signed and / or collected on the day of the 

pamphlet’s delivery. This process is summed up in table 2. 

Table 2. Overall Design of the Intervention 
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3.2.2 Statistical Analysis 

Descriptive statistics are presented as mean ± sd and range, for all analysed variables. 

The one sample t-test was applied in order to compare the mean of the results of the tests used to 

analyse different fitness markers, as well as biosocial data, found in this study with data from the 

available literature. 

Statistical calculations were performed using the IBM SPSS Statistics version 24 (IBM Corp, 

Armonk, NY, USA) 

3.2.3 Sample 

The sample of this study is composed by 23 elite level Portuguese badminton players, federated 

practitioners in the sport of badminton who were split into one of two groups: Singles (n=13) and 

Doubles (n=10). The inclusion criteria in the sample are as follows: 
 
(1) Included athletes should be body-abled;  

(2) The athletes must be called up for the senior and under-23 national team-level internship 

taking place from the 12th to the 16th of February 2024;  

(3) The athlete should not be found injured or impeded by any reason to fully participate in the 

tasks planned for the internship. 

3.2.4 Instruments and Procedures 

In the present study, four markers of physical fitness were assessed over the span of two days (for 

each group). On the first day, prior to the beginning of the tests, a small briefing took place, where 

each athlete was given an identification number, and all questions and doubts were clarified. Also, 

each group (singles and doubles – on different days) was split into one of three sub-groups. After 

this short briefing, the participants went to the main hall where a short warm-up took place (table 

4). After the warm-up was concluded, each sub-group started each assessment according to the 

order that was previously established as shown in table 3. 
 
 
Table 3. Order of each group’s assessments. 
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After each sub-group finished their first assessment, they then moved on to the second assessment 

and posteriorly the third assessment. The overall rotation scheme is shown in Figure 2. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Rotation Scheme for the Assessment of Power and Agility. 

After the Power and Agility assessments, the participants were allowed to rest for two minutes 

(min), after which, the Cardiovascular Endurance assessment begun. Contrary to the Power and 

Agility assessments, in the Cardiovascular Endurance assessment all participants performed it 

simultaneously and not in sub-groups. The disposition of the participants in the hall is shown in 

Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Graphic Representation of the disposition of the participants for the Cardiovascular Assessment. 

The body composition assessment took place in the second and fourth day of the internship (for 

the singles and doubles group respectively) in the headquarters of the Portuguese Badminton 

Federation during the morning. Participants were all evaluated under the same circumstances as 

outlined in chapter 3.2.4.1. 
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All assessments occurred under the supervision of the same investigator, alongside the 

collaboration of the Portuguese national team coaches and physical trainer. 
 
This same process was then repeated for the doubles group on day 3 and 4 of the internship. 

3.2.4.1 Body Composition Assessment 

For the body composition assessment, BM, height, and other body composition parameters (Body Fat 

(BF), SMM, right and left arm lean mass, right and left leg lean mass, trunk lean mass, body water, BMI 

and Extracellular Water to Total Body Water Ratio (ECW/TBW)) were measured. Participants were first 

asked to remove their shoes, any outer garments, and personal belongings prior to initiating the 

measurement. 
 
BM was first measured using a digital scale (BC-543, Tanita Corp.; Tokyo, Japan) with an accuracy to 

0.1 Kilogram (kg). After checking the scale is reading zero, the participant wearing light clothes stood 

on the centre of the scale without support and with the weight distributed evenly on both feet, the head 

up and eyes looking directly ahead. 
 
After measuring BM, body height was also measured. Body height was measured using a 

headsquare with a retractable centimetre measuring tape (Rosscraft; Spokane, WA, USA) with the 

participant standing barefoot with the upper back, buttocks and heels pressed against the wall. The 

participant’s head was positioned in the Frankfort horizontal plane, and the head plate is brought 

into firm contact with the vertex (94). Subjects were then asked to inhale deeply and maintain a 

fully erect position, while maintaining the same load on the heels. A movable headboard was then 

brought onto the most superior part of the head, while placing enough pressure to compress the 

hair of the subject. The measurement was recorded to the nearest 0,1cm. The time at which the 

measurement occurred should be noted (94). It is important to check if the stadiometer is checked, 

validated, and wiped clean before use. It is also, advisable to measure height at the same time of 

day if possible (95). 
 
Finally, other body composition parameters (BF, SMM Right Arm Lean Mass, Left Arm Lean Mass, 

Right Leg Lean Mass, Left Leg Lean Mass, Trunk Lean Mass, Body Water, BMI, and ECW/TBW) 

were assessed by Bioelectrical Impedance (BI) (S10, InBody; Biospace Co. Ltd; Seoul, Republic 

of Korea). 

Some important considerations (96) for the utilization of this device are: 1) The participant should 

refrain from eating for 4-5 hours before the test, exercising for 12 hours before the test; consuming 

caffeine (tea, coffee, and energy drinks) and alcohol 24 hours before the test and consuming 

diuretics within 7 days of the test. 2) No measurements were to be carried out if the participant had 

electrical devices such as a pacemaker or cochlear implant. 3) Shoes, socks, and tights should be 

removed. 4) Hands and legs should be slightly separated from the body. 5) If the skin was moist 

or covered with body lotion, the area should be cleaned with alcohol wipes. The participants lied 

down on a marquee and the electrodes were then placed on their body while they remained static. 
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After the analysis was completed, participants could then stand up and mark their assessment as 

closed. 

3.2.4.2 Cardiovascular Endurance Assessment 

Cardiovascular endurance was assessed with an endurance Shuttle Run (SR), also known as the 

“beep test” (83). This test involves continuous running between two lines 20m apart in time to 

recorded beeps. The participants did the test simultaneously and their test was supervised and 

controlled by one investigator (AP) along with the collaboration of the Portuguese national team 

coaches and physical trainer. 
 
The participants stood behind one of the lines facing the other line and begin running when 

instructed by the recording. The speed at the start is quite slow. The subject continues running 

between the two lines, turning when signaled by the recorded beeps. After about one min, a sound 

indicates an increase in speed, and the beeps will be closer together. This continues each min 

(level). If the line is reached before the beep sounds, the subject must wait until the beep sounds 

before continuing. If the line is not reached before the beep sounds, the subject is given a warning 

and must continue to run to the line, then turn and try to catch up with the pace within two more 

beeps. The subject is given a warning the first time they fail to reach the line (within 2 meters) and 

eliminated after the second warning. The athlete's score is the level and number of shuttles (20m) 

reached before they were unable to keep up with the recording. The last level completed was 

recorded (Not the level where they failed at). A graphic representation of the test used is shown in 

figure 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Graphic Representation of the Endurance Shuttle Run Test. 

3.2.4.3 Power Assessment 

For the power assessment, two different tests were used. For upper limb power, the 3 kg Sitting 

Medicine Ball Throw Test (SMBT) (97,98) was used, while the SBJ (83) was applied to assess 

lower limb power. 
 



 

André Rafael de Cabrita Pito  

 28         
 

For the 3 kg SMBT (97,98) test subjects were asked to sit on a chair placed against a wall. A tape 

measure was placed on the ground at the front end of the subjects' chair and stretched out to 10m. 

Subjects are instructed to sit in the chair with their backs against the chair for support and their feet 

flat on the ground. To account for different arm lengths of the subjects, they were asked to sit in 

the chair and hold the ball in both hands with their arms extended away from their chests. They are 

then instructed to drop the ball straight down on to the tape measure. The tape was adjusted so 

that this point is the zero mark. 
 
Three practice trials were then provided at which time they were instructed to push the ball away from 

the center of their chest as far as possible, using a similar motion to a basketball chest pass. A 3- min 

rest was given between the practices and the actual test. 

Next, for the actual test, subjects grasped the medicine ball and are instructed to forcefully push the 

ball away from the center of their chest as far as possible, again using a motion like a basketball chest 

pass.  

 
The spot where the front end of the ball hit the measuring tape was recorded. Subjects performed three 

trials with a 3-kg ball, with a 90-second rest between trials. The mean score of the three trials was used 

for analysis (99). A graphic representation of the test is shown in figure 5. 

 

 
 

 
 
 
 
 
 
 
 
 
 
Figure 5. Graphic Representation of the 3-kg Medicine Ball Throw Test. 

To assess lower limb strength, the athletes performed the SBJ test. In this test, the athlete stands 

behind a line marked on the ground with feet slightly apart. A two-foot take-off and landing is used, 

with swinging of the arms and bending of the knees to provide forward drive. The subject attempts 

to jump as far as possible, landing on both feet without falling backwards. One practice attempt 

was allowed followed by a 30 second rest. After resting, the real test begun, and athletes had three 

attempts. The measurement is taken from the take-off line to the nearest point of contact on the 

landing (back of the heels). The longest distance jumped out of the three attempts was recorded. 

Between each attempt, athletes rested for 30 seconds (100). A graphic representation of this test 

is shown in figure 6. 
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Figure 6. Graphic Representation of the Standing Broad Jump Test. 

3.2.4.4 Agility Assessment 

Agility was assessed through the 4-corner Agility Test (101). Four up-turned shuttlecocks were 

placed in each of the four corners of the court. The participants begin from the central base, move 

around the four corners of the court for a total of 16 repetitions (four times each corner), and using 

their dominant hand, struck the shuttlecocks in order in sectors A, B, C, and D (as depicted in 

Figure 9), returning to the central base after striking each shuttlecock. Left-handed athletes move 

around the court in the opposite direction, striking first the shuttlecock placed in sector C, then D, 

A and finally B (as depicted in Figure 7). 
 
Before the test started, subjects assumed their badminton playing ready position on the central base of 

the court facing the net (without a racket in hand). The test starts and hand timing initiates immediately 

when the athletes begin to move from the central base. For the tester to stop the stopwatch and for a 

trial to be valid, at least one of the player’s feet must return to the central base. Recordings were taken 

by the investigator, with a stopwatch with an accuracy of 0.01 s. Participants performed the test twice 

and only the best performance time recorded was included in the analysis. Athletes rested for 5 min 

between each trial (59). A graphic representation of the test utilized is shown in figure 7. 

 

 Figure 7. Graphic Representation of the 4-Corner Agility Test.
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3.2.4.5      Warm-up Protocol 

As shown in table 4, before the start of the assessments on the first day (of each group), a short 

warm-up protocol was applied. The goal of this protocol is to generate an increase in muscle 

temperature that allows for various internal changes to occur, such as increased blood flow and 

optimized metabolic responses (102). The benefits of warm-up and re-warm-up protocols have 

been documented in the literature (103). Despite this, there is still some scarcity regarding how to 

apply these protocols for badminton players prior to physical fitness testing, therefore, a simple 

warm-up protocol for this study was designed. 

Table 4. Warm-up protocol applied.  

 

3.2.5 Variables Presentation 

The variables analysed in the present study are listed in table 5. Variables were grouped into 

Biosocial Data, Body Composition (split by whole body and regional body analysis) and Field Tests 

Performance. Table 5 also briefly describes each variable and what unit of measurement was used.  
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Table 5. List and description of studied variables in the present study. 

 

Variables Abbreviation 
Unit of 

Description 
Measurement    

    

Biosocial Data    

Age - Years Age of the participants. 

Sex - - Sex of the participants. 

Weekly Training Volume - min 
Amount of badminton specific training done per 

week.    

Years of Practice - Years 
Amount of time an athlete has practiced 

badminton.    

Whole-Body Analysis    

Body Mass BM kg Body mass of the whole body. 

Body Fat BF % Body fat of the whole body. 

Skeletal Muscle Mass SMM kg Amount of muscle that is attached to the skeleton. 

Height - m Measurement of a subject from bottom to top. 

Body Mass Index BMI Kg/m2 Amount of body mass relative to height. 

Body Water BW l Total amount of water in the body. 

   Proportion of water that is outside of the body's 

ECW/TBW - - cells relative to the total amount of water in the 

   body. 

Regional Body Analysis    

Right Arm Lean Mass RALM kg Amount of lean tissue in the right arm. 

Left Arm Lean Mass LALM kg Amount of lean tissue in the left arm. 

Right Leg Lean Mass RLLM kg Amount of lean tissue in the right leg. 

Left Leg Lean Mass LLLM kg Amount of lean tissue in the left leg. 

Trunk Lean Mass TLM kg Amount of lean tissue in the trunk. 

Field Tests Performance    
Agility - Sec Ability to move quickly and easily often 

involving rapid changes in direction. 

 
Cardiovascular Endurance CE n Ability to sustain prolonged exercise without 

fatigue. 

 
Lower Limb Explosive 
Power 

- m Ability of the muscles in the lower body to generate force 
rapidly. 

Upper Limb Explosive 
Power 

   

 - m Ability of the muscles in the upper body to generate force 
rapidly. 
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3.3 Results 

Mean values for all studied variables are presented in Table 6 for female subjects and in table 7 

for male subjects. 

Table 6. Descriptive data of the Portuguese Badminton Female National Team Athletes (n=10) 
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Table 7. Descriptive data of the Portuguese Badminton Male National Team Athletes (n=13) 
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3.3.1 Biosocial Data 

In this subsection 3.3.1., results for the biosocial data are reported. The values that were obtained, 

were self-reported by the subjects via questionnaire (annex 3).  

Parameters included in this category are: Age; Sex; Weekly Training Volume; Years of Practice. 

The results show that 56.5% of the sample is comprised of male individuals, while 43.5% 

represents the female sample. The female subject’s ages are between 18.8 and 29.4 years old, 

while the male subject’s ages lie between 15.3 and 29.4 years old. The female subject’s age 

average is 23.4 years old, while the male average is a little below at 21.2 years old. As for years of 

practice, all individuals have at least 8 years of experience practicing badminton, and one individual 

has 23 years of experience. The female average is 12.5 years, while the male average is 11.9. 

Regarding weekly training volume, results range from 180 to 1710 min per week with female 

subjects having an average of 534 min per week while male subjects have an average weekly 

training volume of 654.2 min per week. 

When comparing the data from this study and data from the available literature we can determine 

that on average, male subjects are the same age as their female counterparts (21.2 yrs vs 23.4 

yrs. p=0.133). Despite this, there is also a bigger disparity between the ages of the male subjects 

due to the youngest athlete being only 15.3 years old and the oldest athlete being 29.4 years old. 

The current available literature shows that in 2020, the mean age of the top 100 male athletes in 

the World Ranking was 26.3 years old, while the mean age of the top 100 female athletes was 24.7 

years old (106). This shows that male Portuguese elite badminton players are still on average 

younger than the average of the top 100 male athletes in the world (21.2 yrs vs 26.3 yrs, 

respectively. p<0.01). Meanwhile, female Portuguese elite badminton players are on average the 

same age as the top 100 female athletes in the world (23.4 yrs vs 24.7 yrs, respectively. p=0.225).  
 
Male Portuguese elite badminton players are also shown to, on average, accumulate the same 

weekly training volume as their female counterparts (654.2 min vs 534.0 min, respectively. 

p=0.432). There is not much literature available surrounding the ideal weekly training volume for 

specific badminton training, meanwhile, one study showed that male Spanish elite badminton 

players trained on average 810 min per week (49), while other that involved both male and female 

Spanish elite athletes, showed that the male athletes trained on average 1080 min per week while 

their female counterparts trained on average 1192 min per week spread around 5 weekly training 

sessions(104). While these findings suggest that, on average, both male (654.2 min vs 1080.0 min. 

p=0.002) and female (534.0 min vs 1192.0 min, respectively. p<0.001)  

Portuguese elite athletes train less per week than Spanish elite athletes, more evidence is 

necessary in order to compare the Portuguese reality with other countries. Finally, regarding years 

of badminton practice, on average, male Portuguese elite badminton players have 11.9 years of 

practice, while female athletes have 12.5. 



 

André Rafael de Cabrita Pito  

 35         
 

3.3.2 Whole Body Analysis 

In the present subsection, the results of the whole-body analysis are reported. Parameters included 

in this category are: BM; BF; SMM; Height; BMI; Body Water; ECW/TBW. The results show that 

female subjects BM ranges between 54.2 and 90.4 kg with an average of 69.3 kg, while male 

subjects BM ranges between 59.9 and 78.9kg, with an average of 71 kg. The average BF of female 

subjects is 27.6% with values ranging between 20.7 and 32.3%. Male athletes’ BF ranges between 

6.0% and 10.9% with an average of 8.4%. In regard to SMM, the female subjects’ values are 

between 23.8 and 34.5 kg while the average value is 37.3 kg. As for the male subjects, the 

individual with the highest SMM reported a value of 30.1 kg while the lowest, reported a value of 

41.4 kg. The average for the male SMM is 37.3 kg. Regarding height, female values ranged 

between 1.59 meters (m) and 1.74 m, while the male values ranged between1.72 m and 1.91 m. 

The average for the female height is 1.66m and for the males, 1.80m. As for BMI, values ranged 

between 19.1 Kilogram per square meter (Kg/m2) and 29.8 Kg/m2. The female subject’s average 

BMI was 24.9 Kg/m2 while the male average BMI was 21.8 Kg/m2. The average value for the 

female subject’s body water was 37.9 liters (l), with values ranging from 31.4 l and 44.7 l. 

Meanwhile, the average value for the male subject’s body water was 47.3 l, with values ranging 

from 38.9 l and 52.0 l. Finally, concerning the ECW/TBW, female athletes had a mean value of 

0.372, with values going from 0.364 to 0.379. The male athletes had a mean value of 0.368, with 

values ranging from 0.359 and 0.368. 

When comparing data from this study regarding whole-body parameters and data from the 

available literature, female athletes are shown to be on average, the same height as Spanish elite 

female athletes (1.66m vs 1.65m, respectively. p = 0.453 in one-sample t-test), but on the flipside, 

heavier (69.30 kg vs 61.10 kg, respectively. p= 0.05 in one-sample t-test) (104).  

As for, comparing the male individuals to the Spanish elite male athletes on the aforementioned 

study, we found that, there was no significant difference between average weight (71.0 kg vs 71.7 

kg, respectively. p = 0.718 in one-sample t-test) nor average height (1.80m vs 1.78m, respectively. 

p= 0.116). When comparing these results with a study made with Polish elite badminton players 

(66), we found that although there is no significant difference between female athlete’s average 

heights (1.66m vs 1.64m, respectively. p= 0.211), the Polish athletes are lighter than the 

Portuguese athletes (59.8kg vs 69.3kg, respectively. p=0.029).  

As for the male athletes, Portuguese athletes are shown to be, on average, shorter (1.80m vs 

1.85m, respectively. p=0.005) and lighter (71.0 kg vs 77.27 kg, respectively. p=0.005) than the 

Polish athletes. Another study that used Turkish elite badminton players (25) showed the same 

results as the previously mentioned study using polish athletes, regarding the female subjects. 

Turkish female elite badminton players are, on average, lighter than the Portuguese athletes 

(55.0kg vs 69.3kg, respectively. p=0.002) and no significant difference was found between their 

average heights (1.64m vs 1.66m, respectively. p=0.211). As for the male athletes, the Portuguese 



 

André Rafael de Cabrita Pito  

 36         
 

badminton elite athletes are on average heavier than the Turkish athletes (71.0kg vs 63.2kg, 

respectively. p=0.001) and taller (1.80m vs 1.77m, respectively. p=0.032).  

When comparing the BMI of Portuguese athletes with Polish and Turkish athletes, we found that 

the Portuguese female athletes have a higher BMI when compared to both Polish (24.9 kg/m2 vs 

22.2 kg/m2, respectively. p=0.016) and Turkish (24.9 kg/m2 vs 20.4 kg/m2, respectively. p<0.001) 

female elite badminton players.  
 
As for the male badminton players, there was, on average, no significant difference between the 

BMI of Portuguese elite badminton players and Polish elite badminton players (21.8 kg/m2 vs 22.7 

kg/m2, respectively. p=0.100). This may mean that despite the height and weight differences, their 

proportion is somehow similar. Meanwhile, when comparing Portuguese male elite badminton 

players with Turkish male elite badminton players, the Portuguese athletes are shown to have on 

average, a higher BMI (21.8 kg/m2 vs 20.1 kg/m2, respectively. p=0.004). Even though the Turkish 

athletes present lower values for both weight and height, the difference in weight seems to be 

larger, meaning that this may result in differences in other body composition parameters. 
 
When analysing the Portuguese elite badminton player’s BMI, we can observe that on average, 

male subjects are on the healthy range. Female athletes are also, on average, on a healthy BMI 

range, meanwhile, this average value is very close to the overweight range.  

When comparing the Portuguese elite female players to Turkish elite female badminton players, 

no significant difference was found regarding BF (27.6% vs 25.4%, respectively. p=0.291). The 

opposite is verified for their male counterparts, with the Portuguese athletes presenting significantly 

lower levels of BF when compared with Turkish athletes (8.4% vs 14.2%, respectively. p<0.001).  

Meanwhile, when compared with Spanish elite male badminton players (49), no significant 

differences were found between BF levels (8.4% vs 8.3%, respectively. p=0.861). Also, when 

compared with data from 2018 (106), also featuring Portuguese male elite badminton players, the 

BF of the current elite male athletes seems to be lower (8.4% vs 13.1%, respectively. p<0.001). 

When referring to body water levels, Portuguese elite male badminton players appear to have more 

body water than Portuguese elite female badminton players (47.3l vs 37.9l, respectively. p=0.01). 

The same was verified for SMM, with male athletes presenting higher levels when compared to 

their female counterparts (37.3kg vs 29.0kg, respectively. p=0.007). 
 
Finally, concerning the ECW/TBW, the subjects of the present study are, on average, on the normal 

range. No cutoff values for badminton players were found but the fact that these values are in the 

normal range is a good sign because lower levels of intracellular water have been found to lower 

performance (namely, grip strength) in judo athletes (107).
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3.3.3 Regional Body Analysis 

In this subsection, results for the of the regional body analysis are reported. Parameters included 

in this category are: Right Arm Lean Mass; Left Arm Lean Mass; Right Leg Lean Mass; Left Leg 

Lean Mass; Trunk Lean Mass. As it pertains to the right arm lean mass, female subjects had an 

average value of 2.8 kg, while the male subjects presented an average value of 3.6 kg. The values 

of the female subjects ranged from 2.2 kg to 3.5 kg, while the male subjects’ values ranged between 

2.8 kg and 4.1 kg. As for the left arm lean mass, the female subject’s average value was 2.6 kg, 

while the male’s average value was 3.4 kg. Female values ranged between 2.1 kg and 3.3 kg, and 

the male values ranged between 2.6 kg and 3.9 kg. Regarding the legs lean mass, female subjects 

presented left leg lean mass values between 6.2 kg and 9.4 kg, with a mean value of 7.9 kg. The 

male subjects left leg lean mass values ranged between 8.5 kg and 11.3 kg with a mean value of 

10.2 kg. As for the right leg, female subjects had values ranging from 6.2 kg to 9.7 kg, while the 

male subjects had values ranging between 8.6 kg and 11.4 kg. The mean average value for the 

female subject’s right leg lean mass was 8.0 kg, while the males was 10.3 kg. Lastly, regarding the 

trunk lean mass, female subjects presented values between 19.0 kg and 26.9 kg, with an average 

value of 22.6 kg, while the male subjects presented values between 22.6 kg and 30.2 kg and a 

mean value of 27.6 kg. 

In our research, no data was found in badminton players from other countries, regarding regional 

body composition analysis. 

3.3.4 Field Tests Performance 

In subsection 3.3.4., the results of the four field tests applied are reported. Parameters included in 

this category are: Agility; Cardiovascular Endurance; Lower Limb Explosive Power; Upper Limb 

Explosive Power. Results show that regarding agility, the average time taken by female subjects 

to complete the test was 33.4 seconds. The fastest subject to complete the test took 29.8 seconds, 

while the slowest took 36.3 seconds. As for the male subjects, the average time taken to complete 

the test was 27.8 seconds. The fastest subject to complete the test took 24.1 seconds, while the 

slowest took 30.5 seconds. Regarding the performance of female subjects in the cardiovascular 

endurance testing, the average number of levels completed was 47 with values ranging from 23 to 

91 levels completed. As for the performance of male subjects in the same test, the average number 

of levels completed was 104, with values ranging from 71 to 127 levels completed.  

As it pertains to lower limb power, female subjects had an average distance jumped of 1.91 m, with 

jump distances ranging from 1.66 m to 2.10 m. The male subjects had an average distance jumped 

of 2.54 m, with jump distances ranging from 2.27 m to 2.87 m. 
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Lastly, regarding upper limb power, the average female subject throw distance was 2.67 m, with 

throw distances ranging from 2.33 m to 3.27 m. As for the male subjects, the average throw 

distance was 4.34 m, with throws distances ranging from 3.13 m to 5.44 m. 

When analysing the performance of the Portuguese elite badminton players in the field tests that 

were applied, we can observe that overall, the male athletes tend to, on average, present different 

values from their female colleagues. 
 
Regarding agility, the male elite badminton players performed the test faster than the female elite 

badminton players (27.8 sec vs 33.4 sec, respectively. p<0.001). Meanwhile when comparing the 

male elite Portuguese badminton players, with Polish elite male badminton players (59), the 

Portuguese players were also faster (27.8 sec vs 30.1 sec, respectively. p<0.001). 
 
When comparing male and female results in the present study, regarding cardiovascular 

endurance, we can also see that, on average, the male athletes completed more levels (thus 

performed better) than female athletes (104 vs 47, respectively. p<0.001). 
 
As for upper and lower limb explosive power, no studies were found with elite badminton players, 

in order to compare the results of this study with other elite athletes from other countries. 

Comparing the results of the Portuguese male and female elite badminton players, we found that 

male athletes seem to have better results than their female counterparts in both upper (4.34 m vs 

2.67 m, respectively. p<0.001) and lower (2.54 m vs 1.91 m, respectively. p<0.001) limb explosive 

power. 

3.4 Discussion 

To our knowledge, this is the first study to focus on characterizing elite Portuguese badminton 

players regarding four different fitness markers. There is some similar literature available, 

particularly a dissertation (106) that focused on anthropometric evaluation, detailed body 

composition, and bio-motor capacity through the Isokinetic knee extensors and flexors muscles 

testing. It differs from this study in the sense that the present study although also focusing on body 

composition analysis, it focuses on other markers of physical fitness such as agility, cardiovascular 

endurance, and upper and lower limb explosive power instead of bio-motor capacity. 

Based on the results of this study and while these findings may be circumstantial, it can possibly 

demonstrate that Portuguese male athletes still have not reached their prime and may potentially 

have a bigger development window in the future due to their young age when compared to 

international literature (106). Meanwhile it is also shown that when compared to elite Spanish 

players, Portuguese elite badminton players, on average train less. 

Despite not many data existing regarding what is the recommended training volume per week, this 

can potentially be hindering the development of our players, or at least not potentiating them to the 

fullest.  
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Based on the current study’s findings, if non-elite Portuguese badminton players wish to reach 

higher levels, it may be recommended that they try to accumulate at least around 534 min, for 

females, and 654.2 min, for males, of badminton specific training, spread around a whole week. 

The data surrounding the average age and average years of practice may suggest that female 

athletes started playing at around age 10 and male athletes at around 9 years old. These results 

are in line with previous findings, also on Portuguese elite badminton players, showing that on 

average those athletes had 11.5 years of training experience (106). 

Regarding the whole-body analysis of this study, Portuguese male elite badminton athletes appear 

to be similar to international athletes, namely, Turkish, Polish and Spanish. Meanwhile, female elite 

badminton athletes appear to have some differences when compared to their Turkish, Polish and 

Spanish counterparts. While their height is on average, similar, their body weight is on average, 

superior. This may suggest that differences in body composition are present. 

In regard to the field test applied in this study, based on our research of the available literature, 

very limited data is available. Therefore, a comparison between the male and female Portuguese 

badminton elite athlete’s results was done. The male athletes appear to have overall better 

performances than their female counterparts. Although this comparison is not representative to 

extract meaningful conclusions, it can serve to raise the hypothesis that Portuguese female 

badminton athletes may be, on average not as physically apt as their male counterparts. 

The absence of reference values in the available literature, regarding the analysis of the regional 

body markers and the field tests applied in this study, may mean that the results found in the current 

study should be used for that intended purpose, serving as references values for badminton players 

in Portugal and potentially, internationally. 

The main strength of this study is the ease of use of the battery of tests applied, which can be 

easily adopted and used by coaches and athletes, providing meaningful data without needing 

specific and expensive equipment. Another strength of this study is that the sample encompasses 

the elite Portuguese national badminton team. Although this is a strength, the sample is also small, 

which reduces statistical power. Sadly, another limitation is a malfunction that occurred with the 

InBody S10 device during the body composition assessment that took place during the 4th day of 

the intervention, which corrupted the data of these markers for the athletes that were tested in that 

day, creating a larger reduction in the sample size. 

3.5 Conclusions 

To our knowledge, this is the first study to publish reference values for elite Portuguese badminton 

players, regarding body composition, agility, cardiovascular endurance, and both upper and lower 

limb explosive power.  
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The current lack of available literature regarding reference values for the aforementioned markers 

may hinder the work of coaches and athletes in increasing their performance. Accordingly, the 

publication of the reference values found in the current study may contribute to a more scientific 

based approach to training of Portuguese athletes. The goal of this study was also to publish a 

battery of tests that can be easily applicable in the field by Portuguese coaches and athletes, 

without needing many resources, and still get good feedback regarding their athletic performance, 

benefitting from reference data of elite athletes of their country.
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Chapter 4 – Study 3: “Usefulness of Key Fitness Markers for the 
Prediction of Portuguese National Team Badminton Players 
Performance and Ranking” 

Abstract 

There are numerous performance factors in badminton, with physical fitness being a key 

component of the sport. Therefore, it becomes important to understand which physical fitness 

markers best correlate with performance in badminton. PURPOSE: The aim of this study was to 

analyse the association between different fitness markers and athlete’s performance in the 

Portuguese National Badminton Team. METHODS: 23 elite level Portuguese Badminton players 

were tested in four different fitness markers (agility, body composition, power, and cardiovascular 

endurance). The assessments were made over four days in a Portuguese National Badminton 

Team internship. Performance was assessed through a formula created to more accurately depict 

it. Partial and semi-partial correlations were performed to assess the relations between dependent 

and independent variables. RESULTS: A significant correlation was found between the 

performance in singles and the performance in doubles in both male and female athletes. A 

negative significant correlation between lower limb power and mixed doubles performance in 

female athletes was also found. Additionally, SMM, body water and all the segmental body 

composition markers appear to have a significant correlation with mixed doubles performance. 

Some borderline results warrant further research. CONCLUSION: Athletes who wish to improve 

their performance in the singles event, should also play the doubles event and/or vice-versa. 

Overall, athletes should focus on increasing their SMM (across all segments) and their body water, 

to increase mixed doubles performance.
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4.1 Introduction 

Badminton is a sport that involves many high intensity movements, which include fast court 

movements, accelerations, decelerations, and quick changes of direction over short distances, all 

of which require the whole body to produce maximum power (87,88). It also includes high levels of 

mental acuity and technical skill (7). Due to its nature, badminton is a sport that while being very 

physically demanding, it forces athletes who seek to reach elite levels to improve all eleven physical 

fitness markers. This is consistent with more literature that suggests that the most important 

characteristics of athletes in badminton are technical skill, physical performance capacity and 

anthropometrical factors (40). Despite being such a popular sport worldwide, badminton is 

predominantly played in Asian countries, as there is more investment in the sport, and it is also 

deeper rooted in the culture of the population. 
 
There are many ways to assess an athlete’s performance during a specific period. Regarding 

badminton in Portugal, the standardized way to assess overall performance is through the national 

rankings or a list of athletes organized based on their relative strength (108). Despite not being a 

perfect metric, it reflects the performance of each player throughout the season. Some literature 

suggests that ranking lists are a reliable tool for predicting performance in many individual sports, 

for example, swimming (109). In Portugal, there are rankings for non-senior athletes (divided by 

age), veteran athletes (divided by age) and senior athletes (divided by level of play). Each athlete 

that during the present season competes in zonal or national competitions existing in the 

Portuguese Badminton Federation’s calendar will be ranked accordingly, in due of their 

performance during tournaments. Regarding non-senior and senior athletes, there are two distinct 

rankings: zonal and national. Zonal rankings are divided on six different “sub-rankings” based on 

geographic locations, specifically, North, South, Centre, Lisbon, Azores, and Madeira. Each of the 

previously mentioned location has their own tournaments and athletes from each different location 

are ranked in regards of the 4 individual zonal tournaments. Meanwhile, national rankings will be 

established by the summation of the nine best scores attained by each athlete in the National 

Seniors Circuit competitions (Zonal Phase, National, Club Tournaments, National Senior Team 

Championships and National Senior Championship) and competitions of the International Circuit 

of Seniors and Para badminton (competitions under the scope of Badminton Europe and 

Badminton World Federation) (11). 

A myriad of performance factors in badminton exist, showing the high degree of complexity of the 

sport. 

The literature suggests that the most important characteristics of athletes in badminton are 

technical skill, physical fitness and anthropometrical factors (41). Unfortunately, due to the lack of 
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descriptive data regarding physical fitness and performance in badminton, this vital component is 

many times sub valued by athletes and coaches, who focus primarily on skill training (90).  

Due to the development of new technologies, performance analysis has become a critical part of 

an athlete’s development, coaching process, and is considered provide a substantial competitive 

advantage (90). Sadly, even though performance analysis keeps evolving at a fast pace and the 

need for coaches and athletes to keep up with this advancement (91), a gap in the literature still 

exists, regarding a big component of performance analysis, namely, physical fitness testing for 

badminton players. 
 
With the importance of physical fitness established regarding sports performance, it is important 

that coaches and elite athletes have access to raw data regarding their performance on certain 

markers of physical fitness. 
 
A valid question to ask would be: “What is the physical fitness marker that best correlates with 

performance in elite badminton players?” Despite the importance of this question, when analysing 

the present literature, we quickly discover that most of the data related to performance and 

badminton is more focused on match analysis and the biomechanics of specific strokes and 

movements of the sport. Research focused on testing of physical fitness markers and badminton 

performance is somewhat limited and consequently, few valid conclusions can be drawn. Based 

on this, it is important that more research in this topic is provided due to the very specific fitness 

requirements of the sport (92). In Portugal the literature is very scarce regarding badminton and 

physical fitness, but international research shows us that there is a big correlation between these 

two variables (93). Therefore, due to this scarcity in the Portuguese literature, it may be hard to 

create a profile of the elite Portuguese badminton player. 
 
Therefore, given the current limitations present in the literature, and the need to further contribute 

to advances in the research of physical fitness in badminton, the aim of this study is to analyse the 

association between different fitness markers (agility, body composition, power, and cardiovascular 

endurance), biosocial data, and athlete’s performance in the Portuguese national badminton team. 

4.2 Materials and Methods 

This study evaluated the physical fitness markers of athletes and correlated the results with their 

performance. Physical fitness was assessed following the same methods detailed in chapter 3 

(study 2). Physical performance was obtained following a formula created in order to better depict 

the performance of athletes and make a fairer assessment of the athletes’ output. The formula is 

as follows: 

Performance = Number of points gathered during the season in each event / Number of events in 

which the athlete participated during the season. 

This study deserved the approval of the Ethics Committee of the Santarém Polytechnic University 

under the code Nº2-2024ESDRM. 
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4.2.1 Statistical Analysis 

Descriptive statistics are presented as mean ± sd and range, for all analysed variables. The 

Gaussian distribution of the data was assessed with the Shapiro-Wilk goodness-of-fit test. Pearson 

correlation test was applied in order to evaluate the relationship between variables. Only correlation 

coefficients equal or above 0.50 were considered to be significant at a significance level of 5% and 

a statistical power of 80% (110). Statistical calculations were performed using the IBM SPSS 

Statistics version 24 (IBM Corp, Armonk, NY, USA). 

4.3 Results 

The studied correlations and significance values are shown for male athletes in table 8, for female 

athletes in table 9 and for the whole sample (not split by gender), in table 10. 

Table 8. Pearson Correlation and Significance Values for Male Athletes. 
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Table 8. Pearson Correlation and Significance Values for Male Athletes (Continuation). 

 

Male Pearson Sig (2 N 
 

Correlation Extremities)  
 

Body Fat (%) 

 
 
 

 

Skeletal Muscle 

Mass (kg) 

 

 
Body Water (l) 

 
 
 

 
ECW/TBW 

 
 
 

 
Right Arm Lean 

Mass (kg) 

 

 
Left Arm Lean 

Mass (kg) 

 

 
Right Leg Lean 

Mass (kg) 

 

 
Left Leg Lean Mass (kg) 

 
 
 

 
Trunk Lean Mass (kg) 

 
 

Performance SH -0.143 0.760 7 

Performance PH 0.062 0.896 7 

Performance PM 0.015 0.975 7 

Performance SH -0.249 0.590 7 

Performance PH -0.028 0.952 7 

Performance PM 0.572 0.180 7 

Performance SH -0.231 0.619 7 

Performance PH -0.002 0.997 7 

Performance PM 0.584 0.168 7 

Performance SH 0.414 0.356 7 

Performance PH 0.498 0.256 7 

Performance PM 0.003 0.994 7 

Performance SH -0.216 0.642 7 

Performance PH 0.026 0.956 7 

Performance PM 0.489 0.265 7 

Performance SH -0.130 0.781 7 

Performance PH 0.085 0.856 7 

Performance PM 0.512 0.240 7 

Performance SH -0.083 0.859 7 

Performance PH 0.066 0.888 7 

Performance PM 0.741 0.057 7 

Performance SH -0.047 0.920 7 

Performance PH 0.103 0.825 7 

Performance PM 0.741 0.057 7 

Performance SH -0.150 0.748 7 

Performance PH 0.079 0.867 7 

Performance PM 0.537 0.214 7 

**. The correlation is significant at the 0,01 level (2 extremities). 
 
*. The correlation is significant at the 0,05 level (2 extremities). 
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Table 8. Pearson Correlation and Significance Values for Male Athletes (Continuation). 

 
 

Male  Pearson Sig (2 N 

  Correlation Extremities)  
      

Performance SH Performance SH 1   13 

(Points/Nº 
Performance PH 0.694** 0.008 

 
13   

Tournaments)      
 Performance PM 0.034 0.922  11 

Performance PH Performance SH 0.694** 0.008  13 

(Points/Nº 
Performance PH 1 

  
13    

Tournaments)      
 Performance PM 0.066 0.847  11 

Performance PM Performance SH 0.034 0.922  11 

(Points/Nº 
Performance PH 0.066 0.847 

 
11   

Tournaments)      
 Performance PM 1   11 

 
 

 
**. The correlation is significant at the 0,01 level (2 extremities). 
 
*. The correlation is significant at the 0,05 level (2 extremities). 

 

Table 9. Pearson Correlation and Significance Values for Female 

 

 
**. The correlation is significant at the 0,01 level (2 extremities). 
 
*. The correlation is significant at the 0,05 level (2 extremities).

Female  Pearson Correlation Sig (2   N 

   
Extremitie
s)  

     

Cardiovascular Performance SS 0.279 0.435 10 

Endurance (n) 
Performance PS 0.298 0.403 10  

 Performance PM -0.641 0.063 9 

Lower Limb Power (m) Performance SS -0.160 0.659 10 

 Performance PS -0.123 0.736 10 

 Performance PM -0.666* 0.050 9 
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Table 9. Pearson Correlation and Significance Values for Female Athletes (Continuation). 

 

 

Female  Pearson Sig (2 N 

  Correlation Extremities)  
      

Upper Limb Power Performance SS 0.216 0.549  10 

(m) 
Performance PS 0.488 0.153 

 
10   

 Performance PM -0.451 0.224  9 

Agility (sec) Performance SS -0.482 0.159  10 

 Performance PS -0.463 0.178  10 

 Performance PM 0.521 0.150  9 

Height (m) Performance SS 0.183 0.612  10 

 Performance PS 0.107 0.770  10 

 Performance PM 0.244 0.528  9 

Body Mass (kg) Performance SS -0.033 0.928  10 

 Performance PS -0.045 0.901  10 

 Performance PM 0.132 0.735  9 

Body Mass Index Performance SS -0.165 0.649  10 

(kgm2) 
Performance PS -0.129 0.722 

 
10   

 Performance PM 0.050 0.898  9 

Body Fat (%) Performance SS -0.068 0.898  6 

 Performance PS -0.355 0.490  6 

 Performance PM 0.852 0.067  5 

Skeletal Muscle Performance SS -0.061 0.909  6 

Mass (kg) 
Performance PS 0.011 0.984 

 
6   

 Performance PM 0.445 0.453  5 

Body Water (l) Performance SS -0.045 0.933  6 

 Performance PS 0.005 0.993  6 

 Performance PM 0.485 0.408  5 

 
 

**. The correlation is significant at the 0,01 level (2 extremities). 
 
*. The correlation is significant at the 0,05 level (2 extremities). 
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Table 9. Pearson Correlation and Significance Values for Female Athletes (Continuation). 
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Table 10. Pearson Correlation and Significance Values for Whole Sample. 
 

Both Genders  Pearson Sig (2 N 

  Correlation Extremities)  
      

Lower Limb Power Performance S -0.279 0.198  23 

(m) 
Performance P -0.276 0.202 

 
23   

 Performance PM 0.180 0.447  20 

Upper Limb Power Performance S -0.243 0.264  23 

(m) 
Performance P -0.116 0.599 

 
23   

 Performance PM 0.322 0.167  20 

Agility (sec) Performance S 0.022 0.919  23 

 Performance P 0.016 0.943  23 

 Performance PM -0.149 0.532  23 

Height (m) Performance S -0.136 0.537  23 

 Performance P -0.061 0.783  23 

 Performance PM 0.341 0.141  20 

Body Mass (kg) Performance S -0.081 0.934  23 

 Performance P -0.066 0.766  23 

 Performance PM 0.239 0.310  20 

Body Mass Index Performance S 0.018 0.934  23 

(kgm2) 
Performance P -0.019 0.931 

 
23   

 Performance PM -0.011 0.962  20 

Skeletal Muscle Performance S -0.245 0.421  13 

Mass (kg) 
Performance P -0.125 0.683 

 
13   

 Performance PM 0.677* 0.016  12 
 

**. The correlation is significant at the 0,01 level (2 extremities). 
 
*. The correlation is significant at the 0,05 level (2 extremities). 
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Table 10. Pearson Correlation and Significance Values for Whole Sample (Continuation). 

 

Both Genders  Pearson Sig (2 N 

  Correlation Extremities)  
      

Body Water (l) Performance S -0.230 0.449  13 

 Performance P -0.111 0.719  13 

 Performance PM 0.689* 0.013  12 

ECW/TBW Performance S 0.347 0.245  13 

 Performance P 0.273 0.367  13 

 Performance PM -0.110 0.734  12 

Right Arm Lean Performance S -0.248 0.414  13 

Mass (kg) 
Performance P -0.097 0.753 

 
13   

 Performance PM 0.637* 0.026  12 

Left Arm Lean Mass Performance S 0.217 0.476  13 

(kg) 
Performance P -0.071 0.817 

 
13   

 Performance PM 0.666* 0.018  12 

Right Leg Lean Mass Performance S -0.155 0.614  13 

(kg) 
Performance P -0.090 0.770 

 
13   

 Performance PM 0.765** 0.004  12 

Left Leg Lean Mass Performance S -0.159 0.603  13 

(kg) 
Performance P -0.083 0.786 

 
13   

 Performance PM 0.772** 0.003  12 

Trunk Lean Mass Performance S -0.218 0.474  13 

(kg) 
Performance P -0.081 0.793 

 
13   

 Performance PM 0.690* 0.013  12 
 

**. The correlation is significant at the 0,01 level (2 extremities). 
 
*. The correlation is significant at the 0,05 level (2 extremities). 

Regarding male athletes, we can see that based on our results there is a significant 

correlation between the performance of Men’s Singles (SH) and the performance of 

Men’s Doubles (PH). No other significant correlations were found in our male sample. 

Similarly to male athletes, there is a significant correlation between the performance of 

Woman’s Singles (SS) and the performance of Woman’s Doubles (PS). Additionally, a 

negative correlation was found between lower limb power and the performance of Mixed 

Doubles (PM). 
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When analysing the results of the joint analysis (not split by gender), SMM, body water, 

right arm lean mass, left arm lean mass, right leg lean mass, left leg lean mass and trunk 

lean mass all have a significant correlation with the performance of Mixed Doubles (PM). 

Even though we could not find any additional significant correlations, we could see that 

several analyses resulted in correlation coefficients equal or above 0.5 which is 

considered to be a large effect size (111). However, some of these results didn’t achieve 

significance (p value < 0.05) and therefore could not be considered significantly 

associated. 

Based on this rationale, some results, such as the correlation between right and left leg 

lean mass with mixed doubles performance in male athletes, are considered borderline 

(r= 0.741 and 0.741, p value = 0.057 and 0.057, respectively), nearly achieving 

significance and having a large effect size. 

There also appears to be a borderline correlation between upper limb power and mixed 

doubles performance in male athletes (r= 0.573, p value = 0.065). 

Likewise, in the female analysis there were also borderline significant correlations. The 

association between ECW/TBW and the performance in mixed doubles is one of these 

borderline results (r= 0.827, p value= 0.084). 

Two unexpected borderline correlations were also found, namely a negative association 

between cardiovascular endurance and mixed double performance (r= -0.641, p value = 

0.063), and the positive association between BF and mixed doubles performance in 

female athletes (r= 0.852, p value = 0.067). 

4.4 Discussion 

The present study aimed at studying the association of different fitness markers with 

athlete’s performance in the Portuguese National Badminton Team. To our knowledge, 

this is the first study to focus on this topic. 

When analysing the results obtained in this study, the significant correlation between 

singles and doubles performance in both male and female athletes, can raise the 

hypothesis that more competence in singles may provide a performance increase in 

doubles and/or vice-versa. Due to the structure of the Portuguese badminton calendar 

competitions (which only allow athletes to participate at a maximum of two events per 

tournament), a hypothesis can be made that choosing to play singles and doubles may 

be the most adequate choice if the athlete’s preference and primary goal is to improve 

performance in either event.  

The negative significant correlation between the performance of mixed doubles and 

lower limb power, although unusual, can, potentially, be related to the nature of the mixed 
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doubles event, where an argument could be made that other factors such as positioning 

and technical proficiency may prove to be more important to the performance of female 

athletes. The small sample size of this study may also play a role in these results. Further 

research needs to be conducted in order to draw valid conclusions. 
 
The significant correlation between SMM, all segmental body composition markers (right arm 

lean mass, left arm lean mass, right leg lean mass, left leg lean mass, trunk lean mass) and 

mixed doubles in the joint analysis (not split by gender), may bring up an hypothesis that 

athletes with more SMM and more lean mass (distributed across their body) tend to have 

better performances in the event of mixed doubles. This conclusion may be related to the 

fact that both male and female athletes are analysed together because when separated by 

gender, the same conclusions are not verified. The same can be hypothesized for body water 

which is also correlated with the performance in mixed doubles in the joint analysis but not 

when split by gender. These hypothesizes warrant further research. 
 
In regard to the borderline correlations, or analysis which had a large effect size but did 

not achieve significance, the association between upper limb power and mixed doubles 

performance in male athletes may be related to and influence the existent significant 

correlation between these markers in the joint analysis, despite the same not being verified 

in female athletes. 

This makes sense because upper limb power has shown to be correlated with smash velocity 

(111). The smash is considered a crucial stroke in mixed doubles, especially for male athletes 

due to the nature of the event. Despite no literature being found regarding the correlation 

between performance in the mixed doubles event and ECW/TBW, some data has shown that 

lower levels of intracellular water tend to reduce performance (specifically, grip strength) in 

judo athletes (108). The results obtained in this study (although not a significant correlation), 

appear to be in line with this logic. 

Lastly, regarding the negative association between cardiovascular endurance and mixed 

double performance and the positive association between BF and mixed doubles 

performance in female athletes, although unexpected, these results can potentially mean 

that a higher BF level and worse cardiovascular endurance are associated with better 

performance in the event. As mentioned previously, one likely explanation for these results 

may be related to the nature of the mixed doubles event and the role of the female, where it 

could be hypothesized that other factors such as technical proficiency and positioning could, 

perhaps, be more important to their performance. 

Nevertheless, although not being significant correlations, we believe that considering the 

small sample size included in the present study, these borderline results may benefit from 

some attention and further research in future studies. 
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One main strength of this study is the use of a battery of tests, which is easily implemented 

into the field, being easy to use by coaches and athletes and providing meaningful data 

without the need of specific and expensive resources. Another strength of the current study 

was the focus on a sample of elite Portuguese badminton players of the Portuguese 

national team. Despite the sample being composed of elite athletes, by focusing on such a 

specific population implies working with a small sample, which may reduce the statistical 

power.  

Unfortunately, the main limitation of this study is a malfunction that occurred with the 

InBody S10 device during the body composition assessment that took place during the 

4th day of the intervention, which corrupted the data of the body composition markers 

for the athletes that were tested in that day, reducing even further the sample size. 

4.5 Conclusions 

The main takeaway from this study is the existence of a significant correlation between 

the performance of singles and doubles in both male and female athletes. Additionally, 

there was a negative significant correlation between lower limb power and mixed doubles 

performance in female athletes.  

Other technical and tactical markers not included in this study, such as positioning in the 

court and technical proficiency, may be more determinant to the mixed doubles 

performance of female athletes. Meanwhile, in the joint analysis (not split by gender), 

SMM, body water and all the segmental body composition markers (right arm lean mass, 

left arm lean mass, right leg lean mass, left leg lean mass, trunk lean mass) appear to 

be the most important markers in the mixed doubles event. Several studied variables 

showed borderline results regarding the correlation with performance, which warrants 

further research. 
 
In terms of practical implications that could be drawn from this study, it may be recommended 

that both male and female athletes that wish to improve their performance in the singles 

event, also play the doubles event and/or vice-versa. For female athletes who wish to 

improve their mixed doubles performance, it may be recommended that instead of focusing 

on increasing lower limb power, they should perhaps emphasize their training on other 

markers not analysed in this study which may prove to be more important towards reaching 

this goal. More research is warranted in order to support this statement. Overall, it may be 

advised that athletes should focus on increasing their SMM (across all segments) and their 

body water, to increase mixed doubles performance. 
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It may be recommended that future studies include a bigger sample of athletes in order to 

increase statistical power and aim at more meaningful conclusions for overall athletes. 

Accordingly, it may also be suggested that the sample includes non-elite athletes, so that 

other significant data can be extrapolated into player with different performance levels. 
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Chapter 5 – Conclusions 

5.1 Strengths and Limitations 

There are some strengths and limitations to this dissertation. First, by including a scoping 

review, we consider that the work done is replicable, but on the other hand it is not 

inferential, which means that data cannot be extrapolated to the general population. This 

scoping review had some more limitations such as the noticeable diversity in the tests 

used to assess each marker of physical fitness, which makes the comparison process 

harder. Another limitation detected was the lack of studies conducted in this line of 

research. A possible way to circumvent this would be to increase the search parameters 

as to include papers written in different languages such as Chinese per example. This 

may be important since Asian countries have many high-level badminton players and 

further meaningful research may have been conducted in their native languages. Finally, 

the lack of consistency and coherence in the available literature is also viewed as a 

limitation since a greater number of studies are needed in some markers in order to be 

able to draw reliable and consistent conclusions. 
 
Regarding the characterization study and the correlation study, a limitation that can be 

appointed is the small sample size, although, despite the fact that the number of 

participants included is indeed small, this can also be viewed as a strength, because it 

does not refer to a sample but rather to a population because it includes the whole 

Portuguese national badminton team, which in terms means that it is representative of 

the Portuguese elite badminton players. The battery of test used is also considered a 

strength due to its ease of use by coaches and athletes on the field. It can provide 

meaningful information without requiring a big financial and material resources. Finally, 

the biggest limitation of these two studies was the occurrence of a malfunction involving 

the InBody S10 device during the body composition assessment that took place during 

the 4th day of the intervention. This malfunction corrupted the results of the body 

composition markers for the athletes that were assessed in that day, reducing the sample 

size. 
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5.2 Main Findings 

The scoping review provided some perception regarding the state of the current literature 

concerning the assessment of fitness in badminton players. The key takeaways from this 

study were mainly related to the lack of literature regarding this topic. Some markers 

show a big absence of available literature, while others, despite having available 

research, showed a visible lack of consensus surrounding the tests used to assess such 

markers. This scarcity of literature, diversity of tests used, and lack of test standardization 

not only complicate the process of comparison but also make drawing valid conclusions 

hard as a result of the lack of consistency, coherence, and consensus. In practical terms 

it may also have implications as it may take away from the quality of work put out by 

coaches and high-level athletes to reach better results. Standardizing fitness testing and 

publishing cutoff values is valuable and relevant in practical terms as this may lead to 

the development of more methodologies that enhance the work of coaches and 

consequently the performance of badminton players. Regardless of the lack of evidence 

for choosing the best fitness tests for badminton players, we selected the battery of tests 

applied in chapter 3 tests based on ease of use, practicality, available literature and 

replicability. 
 
The characterization study sought to publish reference values for elite Portuguese 

badminton players, regarding body composition, agility, cardiovascular endurance, and 

both upper and lower limb explosive power. The publication of such values wishes to fill 

in the existing gap of available literature regarding the reference values for these 

markers. This absence of data may negatively impact the training done by athletes and 

coaches towards increasing performance. In that sense, this study may contribute to a 

more scientific based approach to training of Portuguese athletes, while also giving more 

accessible tools to be applied in the field by athletes and coaches and get valuable data 

concerning their athletic performance. The reference values for the selected fitness tests 

of the elite Portuguese badminton players can be found in chapter 3 of the present 

dissertation. 
 
Finally, the correlation study provides a more practical analysis of the association 

between different physical fitness markers and athletic performance in the Portuguese 

national badminton team. In practical terms, the main takeaways are the significant 

correlation between the performance in singles and doubles in both male and female 

athletes. 

Athletes who play singles tend to have better performance on doubles and vice-versa. 

Another relevant finding regarding the mixed doubles event was the correlation of better 

performance with their overall SMM and body water. This may highlight an opportunity 
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for improving players performance, but further evidence is needed before guidelines or 

recommendations can be made. Meanwhile, it seems that female athletes who wish to 

improve their performance in the mixed doubles event should not focus their training on 

lower limb power. Instead, it may be hypothesized that other markers of technical and 

tactical nature, which were not analysed in the present study, may be more relevant 

towards achieving this goal. 

5.3 Recommendations for Future Research 

Future studies should take into consideration the limitations found in the three studies of 

the present dissertation. Regarding the scoping review, our main suggestion would be 

to increase the search parameters as to include papers written in different languages. 

As several other countries have big investments made in the sport, it is possible that 

more meaningful research has been conducted in their native languages. Another 

suggestion would be to utilize different samples, namely, youth badminton players or 

even disabled badminton players, the last being a field undergoing a big increase in 

popularity and investigation in this area may be welcomed. 
 
Regarding the cross-sectional studies, some recommendations are to be considered, 

particularly those related with the sample, not only in size, in order to increase statistical 

power, but also non-elite athletes, with the purpose of discovering if the relationship between 

the studied variables still applies in different levels of performance. 

It would also be interesting to apply this same intervention in other countries national 

teams, namely, countries with much higher and much lower performance levels to 

compare the cutoff values obtained in Portuguese elite badminton players and see how 

the values fluctuate. 
 
Lastly, it would be advisable to also use other markers not studied in the present 

dissertation. As this document focused mainly on physical fitness markers, others 

beyond this scope such as biomechanics, tactical and technical factors may prove to be 

of meaning to improve the performance of elite athletes. 

The authors find it necessary that the quantity of scientific production in this area is vastly 

increased, as it would provide numerous benefits towards the improvement and 

development of the sport, and it would also facilitate the work of coaches and athletes.
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Annex 1. Agility Table. 
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Annex 1. Agility Table (Continuation). 
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Annex 1. Agility Table (Continuation). 
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Annex 1. Agility Table (Continuation). 
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Annex 1. Agility Table (Continuation). 
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Annex 2. Balance Table. 
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Annex 2. Balance Table (Continuation). 
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Annex 2. Balance Table (Continuation). 
 

 
Annex 3. Body Composition Table. 
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Annex 3. Body Composition Table (Continuation). 
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Annex 3. Body Composition Table (Continuation). 
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Annex 3. Body Composition Table (Continuation). 
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Annex 3. Body Composition Table (Continuation). 
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Annex 3. Body Composition Table (Continuation). 
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Annex 3. Body Composition Table (Continuation). 
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Annex 3. Body Composition Table (Continuation). 

 



 

André Rafael de Cabrita Pito 

82       
 

 
Annex 3. Body Composition Table (Continuation). 
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Annex 3. Body Composition Table (Continuation). 
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Annex 3. Body Composition Table (Continuation). 

 
 

 
Annex 4. Annex 4 – Cardiovascular Endurance Table. 

 

 



 

André Rafael de Cabrita Pito 

85       
 

 
Annex 4. Cardiovascular Endurance Table (Continuation). 
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Annex 4. Cardiovascular Endurance Table (Continuation). 
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Annex 4. Cardiovascular Endurance Table (Continuation). 
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Annex 5. Coordination Table. 
 

 
Annex 6. Flexibility Table. 
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Annex 7. Muscular Endurance Table. 
 

 
 

Annex 8. Power Table. 
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Annex 8. Power Table (Continuation). 
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Annex 8. Power Table (Continuation). 
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Annex 8. Power Table (Continuation). 
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Annex 8. Power Table (Continuation). 
 

 
Annex 9. Reaction Time Table. 
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Annex 9. Reaction Time Table (Continuation). 
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Annex 10. Speed Table. 

 

 



 

André Rafael de Cabrita Pito 

96       
 

 
Annex 10. Speed Table (Continuation). 
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Annex 10. Speed Table (Continuation). 
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Annex 11. Strength Table. 
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Annex 11. Strength Table (Continuation). 
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Annex 11. Strength Table (Continuation). 
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Annex 11. Strength Table (Continuation). 
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Annex 11. Strength Table (Continuation). 
 

 



 

André Rafael de Cabrita Pito 

103       
 

 
Annex 11. Strength Table (Continuation). 
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Annex 11. Strength Table (Continuation). 
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Annex 11. Strength Table (Continuation). 
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Annex 11. Strength Table (Continuation). 
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Annex 12. Request for authorization to apply a physical fitness assessment 

protocol in the Portuguese national badminton team training camp to be held in 
February 2024 
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Annex 13. Declared Informed Consent delivered to the athletes. 
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Annex 13. Declared Informed Consent delivered to the athletes (Continuation). 
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Annex 13. Declared Informed Consent delivered to the athletes (Continuation). 
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Annex 14. Biosocial Questionnaire applied to the subjects. 

 
 
 
 


