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The Programme of Promoting Organized Sports Recreation is carried out by “Sport for All” 
Zagreb Association of Sports Recreation. The Association brings together 15 sports 
recreation sociates (non-profit organizations) from the City of Zagreb, carries out around 
200 “Sport for All” programmes in 50 locations throughout the city for 10 to 12 thousand 
users. “Sport for All” programmes include the Regular Physical Exercise Programme in City 
districts in approximately 30 locations of local self-government units, with more than 70 
groups of people exercising, including the young, the elderly and people with special needs, 
the Recreational Swimming Programme in City Swimming Pools offering aquaerobics, 
improvement of swimming techniques and competitions in the Recreational Swimming 
League, as well as the Nordic Walking Programme – Moving towards Health. Sports 
recreation competitions (Games for All) are carried out on a territorial basis, in city districts 
and through the activity of sports recreation associations. The events and happenings are 
programme-oriented to those of importance for the city, such as City Summer Programmes 
or City District Days, Jarun Seniors’ Meetings or Maksimir Autumn, but also national and 
international events such as World Walking Day, World Sport Day or International 
Movement Week, as well as the organization of trips, meetings or sports recreation festivals 
(Programme of Public Needs in Sports of the City of Zagreb for 2018).
According to membership information of “Sport for All” Zagreb Association of Sports 
Recreation, there are 30,000 registered citizens actively participating in recreation. 
However, a much larger number of citizens takes part in sports recreational activities, but 
they pay for their sports recreation themselves. The Association membership provides 
certain benefits and cheaper programmes for the user, some of which are available 
completely free of charge (physical exercise in local districts).
Out of 300 sports recreation associations registered in the Register of Sport Activities of 
the City of Zagreb, only 15 are members of the “Sport for All” Zagreb Association of Sports 
Recreation.

Discussion
The share of funds allocated for sports recreation in the total funds for sport development 
in the City of Zagreb amounted from 0.81% to 1.31% or 0.98% on average in the period of 
ten years. The level of funds allocated for Sports Recreation Programme in the Programme 
of Sports of the City of Zagreb in the indicated period ranged from 0.4% to 0.6%, i.e. 0.5% 
on average. The share of funds allocated for sports recreation in total funds for City Budget 
of the City of Zagreb amounted on average 0.05% in the period of ten years. Nominally, 

there has been a constant decrease in funds allocated for sports recreation programmes in 
the last ten years, with minor deviations. 
While average investment in sports recreation from public needs in sport has amounted to 
0.34% at the state level in the period of ten years, the City of Zagreb has committed funds 
from public needs in sport amounting to 1.09% of public funds on average in the period of 
ten years, i.e. 0.98% of total sports funds for the overall sports recreation programmes.
According to the annual Activity Report of the Croatian Health Insurance Fund for the year 
2016, the largest part of total benefits paid in 2016 accounted for sickness and disability 
benefits amounting to HRK 1,091,915,847.00, which is an increase of 9.79% or HRK 
97,389,712.00 compared to benefits paid for temporary incapacity for work in the previous 
year (HRK 994,526,135.00) and they account for 4.74% of total expenditures, i.e. 46.09% 
of total benefits. Due to temporary incapacity for work, 45,832 employees on average are 
absent from work on a daily basis, which accounts for 3,06% of the total number of active 
insured persons, i.e. 1,442 persons more than in 2015 (44 390 workers) (Activity Report of 
the Croatian Health Insurance Fund, 2016).
Although the data on benefits refer to the Republic of Croatia in its entirety, and not only to 
the City of Zagreb, the alarming fact is that the amount of HRK 1,091,915,847.00 was 
allocated for sickness and disability benefits in 2016, out of which the amount of HRK 
685,108,887.00 or 62% accounted for sick leave benefits. According to the Statistical 
Yearbook of the City of Zagreb for 2017, the number of days of absence from work in the 
City of Zagreb in 2016 amounted to 6,054,000 (sick leave accounting for 66%) or 13.7 per 
active participant. On the other hand, in 2016 and 2017 the City of Zagreb alone allocated 
HRK 1,503,400.00 annually for sports recreation programmes, i.e. the total of HRK 
2.955.700.00 – 3,223,700.00 annually, including sports facilities.
According to the report of the World Health Organization for 2012 and statistical data per 
countries, mortality rate according to illness types in Croatia is very serious, but is declining. 
For example, 23.5% of causes of death accounts for heart diseases and 14.1% for stroke. 
The largest share of all diseases causing death accounts for cardiovascular diseases and 
diabetes, as well as for cancer (the data on Zagreb in the same year show that the number 
of deaths caused by similar illness types amounts to 6528 out of the total of 8329 deaths). 
Other indicators of the World Health Organization demonstrate the prevalence of 
overweight adults (aged 18 and over) for the year 2016, accounting for 59.6% of the total 
population of Croatia. Physical inactivity has been identified as the fourth leading risk factor 
for global mortality (6% of deaths). The WHO Report shows that globally, 23% of adult 
citizens aged 18 and over is insufficiently physically active, and the common conclusion of 
the WHO member states is that by 2025 the number should be reduced by 10% (2010). At 
the same time, the data on the Republic of Croatia showed that 80.2% of adult Croatian 
population (aged 18 and over) is physically active, meaning that there are less than 20% 
physically inactive citizens, which is the global average. When it comes to adolescents (aged 
11-15), the situation is alarming since there are 25.6% active adolescents, and the situation 
is no better at a global level either.
According to the research carried out by Ipsos Agency in June 2017 for the Central State 
Office for Sports, 38% of Croatian citizens take part in sports recreation (cycling, dancing, 
etc.) or other types of physical activity. The youngest age group (aged 15-20) takes part in 
physical activity much more frequently, with 72% of them being physically active at least 
once a week. Population aged 60 and over is least physically active and 80% of them never 
engages in physical activity. Croatian people prefer doing the abovementioned physical 
activities in open spaces, parks and nature (46%), 30% of citizens opt for a sport/fitness 
club or centre, while 27% of Croatians exercise at home. Health is the main motive of 61% 
of citizens participating in sports, recreation or other types of physical activity. Apart from 
health reasons, Croatian people mostly do physical activity in order to improve their fitness 
(38%), relax (37%), spend time with friends (29%), have fun (27%), improve their physical 

appearance (25%), control their weight (18%) and improve their athletic performance (13%). 
For the majority of the population (61%) the type of sports and physical activities they do 
does not require any expenses since they prefer outdoor activities. 57% of population of 
the City of Zagreb and its surroundings participate in some type of physical activity.

Conclusion
Although it has been scientifically proven that recreation has a positive impact on health, 
hence on the quality of life and work efficiency of citizens, and that regular exercise 
prevents long-term sick leave, mental symptoms and poor general health condition among 
working population and that it acts as a cure for major public health problems, physical 
activity is largely connected to the private, individual sphere. The City of Zagreb commits 
significant funds from its budget for the promotion of sports recreation through sports 
recreation associations given the small number of associations to which these funds are 
allocated. The comprehensive representation of overall citizen participation in sports 
recreation is difficult since it is carried out on several levels and through several subjects, 
mostly through payment itself. The latest research from 2017 show that 57% of citizens of 
the City of Zagreb takes part in some type of physical activity, (European average of 
between 13 and 72 per cent of active participation), but no systematic research on the 
actual number of citizens engaged in sports recreation activities. Zagreb position is better 
than in the Republic of Croatia, and on average at global level. However, a growing trend of 
citizens’ self-engagement in activities such as recreational walking, marathons and various 
sports recreation events can be noticed. Every country, as well as local community, should 
pay close attention to sports recreation as a proven instrument of providing general health 
benefits to its citizens, and numerical indicators presented provide a strong basis. Greater 
involvement of sport and health systems in a joint research on this topic is needed for the 
purpose of common interests of improving public health and better use of public money.
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ABSTRACT
PURPOSE. This study evaluates main physical features inherent in flying and basing 
positions in cheerleading girls. METHODS. Eighteen female members of a cheerleading 
squad, aged 15-18 years, underwent anthropometric measurements and tests of static 
balance (Romberg test, «Target» test), muscle power (squat jump, countermovement jump), 
and isokinetic strength of knee flexors and extensors. RESULTS. Results showed that 
cheerleading girls performing basing positions, in comparison with those of flying positions, 
had a significantly higher body fat (16.9 kg vs. 11.1 kg, p<.01), a higher content of 
musco-skeletal components of body weight (23 kg vs. 19.1 kg, p<.001), were taller (166 cm 
vs. 158 cm, p<.05), have higher body mass index (22.5 kg/m2 vs. 19.3 kg/m2, p<.01) and 
higher body mass (63 kg vs. 48 kg, p<.05). In addition, mean value of peak knee extension 
torque was significantly higher for cheerleading girls of basing than flying positions for the 
right leg (97.7 Nm and 74 Nm, respectively, p<.05) as well as for the left leg (99.2 Nm and 
76.3 Nm, respectively, p<.05). Mean value of peak knee flexion torque was significantly 
higher for cheerleading girls of basing than the flying positions for the right leg (73.9 Nm 
and 57 Nm, respectively, p<.05). However, there were no significant between-group 
differences in the variables of static balance and vertical jumps. CONCLUSION. 
Cheerleading girls performing basing positions are taller, heavier, and have a higher BMI 
than those of flying positions. They also achieve higher isokinetic strength of knee 

extensors and flexors. Such measurements of body composition and physical fitness can 
provide useful information on their development during training.

Key words: adolescents, basing, flying, body composition, isokinetic strength, static 
balance, vertical jump

Introduction
Cheerleading is a type of competitive sports that includes components of acrobatics, dance, 
jumps, cheers, and stunting. It originates from the motivational teams for American 
football’s intercollegiate game, whose purpose was to support players and entertain the 
audience (Universal Cheerleading Association, 2002). Nowadays it is a separate kind of 
sport implying complicated athletic performances. Organized cheerleading started as an 
all-male activity. Initially, participants of the squad yelled cheers, then tumble and 
acrobatics were added to their routines. Women were actively joining teams in the times of 
World War II since a lot of college-aged men went off to war (Universal Cheerleading 
Association, 2002). A contemporary discipline cheer is considered as a female kind of sport. 
It includes three main positions: flying, basing and spotting. Every position requires a special 
degree of flexibility and such physical features as athlete’s strength and weight. An irregular 
trend could be observed in athlete’s physical fitness status between the positions (Thomas, 
Seegmiller, Cook, & Young, 2004). Although it is considered to expect special 
anthropometric parameters for every position, very little is known about their physiological 
profile. Moreover, there a lot of cases of injuries that could be connected with physical 
requires for every position. Catastrophic injuries have increased over the years, presumably 
because of an increase in the gymnastic-like stunts currently common in cheerleading and 
inapplicable fitness level (Thomas, et al., 2004). In addition, a lifetime of adolescence or 
young adulthood may predispose to eating disorders such as anorexia nervosa and bulimia 
nervosa (Deering, 2001). Important to note, between high-school cheerleaders there is an 
above-average number of eating disorders (Macleod, 1998). Although athletes may not 
suffer life-threatening medical complications, it can lead to significant weight loss or weight 
gain vastly changing body composition (Thompson & Digsby, 2004). Therefore, the purpose 
of current study was to evaluate the main physical features inherent to flying and basing 
positions and compare the obtained data between different age groups of youth.

Methods
Subjects. Eighteen female members of cheerleading squad were investigated. Subjects 
ranged in age from 15 to 18 years. Experimental procedures were conducted by highly 
qualified athletes in the preseason cycle of training. Subjects did not have any injuries to 
musculoskeletal system or any contraindications to the testing. Participants read and signed 
an informed agreement of MCAST.  
Measurements. Anthropometric assessment, which included the determination of height 
and body weight, body composition (bioimpedance analyses, “ABC-01 Medass”). 
Stabilometry was performed using equipment "Stabilan-01" (the “European” way of feet 
position). Romberg test was performed with open and closed eyes, 1 min for each test. Test 
“Target” was conducted with biofeedback in a stance 20 s long. Vertical jump tests 
consisted of two types of jumps: squat jump (SJ) and countermovement jump (CMJ). Jump 
test procedure was performed on the AMTI force plate. The height of the jump was 
calculated from the ground reaction forces sampled at a rate of 1000 Hz. The evaluation of 
the speed-power capabilities of flexors and extensors of the knee joint of both legs was 
performed on an isokinetic dynamometer “Humac Norm” (USA, CSMI) in the isokinetic 
mode at the angular velocity of 180 degrees/s. Three to five maximum attempts were 
executed with rest intervals of at least 20 seconds. 
Statistical analyses included checking the data for normal distribution by the Shapiro-Wilk’s 

The main physical abilities of gymnasts are strength, speed, flexibility, skill and muscular 
endurance (Arkaev & Suchilin, 2004; Marina, Jemni, Rodríguez & Jimenes, 2012; Monem, 
Sands, Salmela, Holvoet & Gateva, 2011). Only developing these skills from the earliest ages 
of specialization with regular practice can lead to success in gymnastics and high-level 
achievements. 
The development of leg power is an important component for success in a variety of sports. 
Vertical jump test is considered to be the most effective tool for assessing leg power and, 
therefore, a valid predictor of athletic performance (De Salles, Vasconcellos, De Salles, et al., 
2012; Hoffman, Epstein, Einbinder, & Weinstein, 2000; Wisløff,  Castagna, Helgerud, et al., 
2004). 
During cheerleading performance, both flying and basing positions are involved in jumping 
and hopping activities. Thus, it can be assumed, that jump height could be an important 
variable in physiological profile of a successful cheerleader (for both positions).
CMJ/SJ height ratio, which is also known as eccentric utilization ratio (EUR) (Hawkins, 
Doyle & McGuigan, 2009; Impellizzeri, Rampinini, Castagna, Martino, Fiorini & Wisloff, 
2008; McGuigan, et al., 2006), indicates the ability of an athlete to use elastic energy of the 
muscle-tendon complex to enhance countermovement jump height. We believe that EUR, 
as well as SJ and CMJ height, must be included in a profile as an indicator of cheerleader’s 
plyometric performance. 

Conclusions
To sum up, the results of this study revealed the significant differences in physical and 
physiological characteristics between flying and basing positions of cheerleaders. That is 
why an individual approach to every athlete is so substantial during training process. In 
addition, the data obtained on stabilometry and leg power assessment are necessary for 
planning optimal accurate programs of the core-strength and speed-strength training for 
every position in cheerleading.
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ABSTRACT
PURPOSE: To find out if gymnasts are prone to injury based on their dynamic stability 
assessment results. The aim is to verify the observations made with the Functional 
Movement Screen (FMS) test via the objective method – Kinovea, video-analysis software. 
To the best of the authors’ knowledge, there exists no previous research using the FMS to 
assess young gymnasts. Furthermore, no scientific report has been published showing a 
precise analysis of the FMS via Kinovea. The seven movement tests, used in the FMS, have 
different positions and movements that reveal gymnast’s weaknesses and asymmetries; 
therefore, they can help identify a level of athlete’s injury risk as well as provide the basis of 
testing for potential injuries. This information may be of benefit to trainers and 
physiotherapists in the injury prevention protocol. METHODS: The sample consisted of 10 
adolescent competitive gymnasts (6 male and 4 female), mean age 11.57 years, body height 
138.87 cm, body weight 34.04 kg. The FMS test included seven subtests: deep squat, 
hurdle step, in-line lunge, shoulder mobility, active straight leg raise, trunk stability push-up 
and rotary stability. It is used as a diagnostic procedure for assessing postural stability and 
mobility, and for the broader purpose of preventing professional injury. The movements 
were recorded by two digital video cameras. Objective assessment was conducted using 
Kinovea video-analysis software, with the FMS scores based on the criteria established by 
Cook et al. (2010) and on kinematic equivalents adapted from Whiteside et al. (2016). The 
results were analysed by descriptive statistics and presented in tables. RESULTS: The total 
mean score of the FMS test for the overall sample is 14.12. The average score for males 
(14.5) is higher than the average score for females (13.75). We can conclude that our 
participants are not at risk of injury. The lowest average scores were measured in shoulder 
mobility (1.12), deep squat (1.15) and rotary stability (1.87), while the highest scores were 
measured in active straight leg raise (2.87), hurdle step (2.41) and in-line lunge (2.41). 

CONCLUSION: Competitive young gymnasts do not have increased risk of injury, since 
they have achieved a score higher than 13, which represents the cut-off score for 
high-school athletes.

Key words: gymnastics, stability, mobility, FMS, Kinovea movement video-analysis software 

Introduction
The International Gymnastics Federation (Fédération Internationale de Gymnastique-FIG) 
defines Artistic Gymnastics as an Olympic sport divided into Men’s and Women’s Artistic 
Gymnastics, which differ in the number and type of gymnastic events. Gymnastics, as one 
of the basic kinesiological activities, is listed into the group of conventional aesthetic sports 
according to the criterion of structural complexity of movement patterns (Milanović, 2013), 
and into aerobic sports according to the criterion of dominant energy processes. The most 
important motor skills are: coordination, explosive strength, flexibility, balance and speed. 
As many as 1327 technical elements appear in the Manuals of both Women’s and Men’s 
Gymnastics. The prescribed techniques of 527 elements can be found in the Manual of 
Women’s Gymnastics (Vault 80; Uneven Bars 155; Beam 189, Floor 103), and we can find 
as many as 800 prescribed techniques of gymnastic elements in the Manual of Men’s 
Gymnastics (Floor 137; Pommel Horse 118; Still Rings 144; Vault 104; Parallel Bars 155; 
Horizontal Bar 142) (Živčić Marković & Krističević, 2016).
Experience of coaching at the Novi Zagreb Gymnastics Club enables us to observe 
distinctive features in gymnasts’ dynamic posture and stability-mobility relationship. 
Stability and mobility (dynamic stability) can be evaluated by various tests, and nowadays 
the assessment tool often used is Functional Movement Screen (FMS). The FMS consists of 
seven tests, with the maximal composite score of 21 (3 in each subtest). In order to achieve 
the best score (3), a participant must perform on the test efficiently without any mistakes. 
Preforming the movement pattern with minimal deviations and compensations is evaluated 
with a score of two, and movement with greater deviations or loss of balance is scored one 
(Stobierski et al., 2015). It is also evaluated whether the body shows dorsoventral and 
bilateral asymmetry (Cook et al., 2010; 2014a; 2014b). FMS performance, especially when 
conducted on populations of athletes, is analysed by various researchers via different 
methods. In their systematic review, Moran et al. (2016) distinguished two ways of 
evaluating FMS performance: live ratings and video ratings. Since video ratings are also 
based on observational assessment principles, there is a need for truly objective 
assessment. The aim of the research is to objectify results of the observational screening 
FMS test, using the method of Kinovea software video-analysis. According to the authors’ 
reference to the existing literature, FMS study has not yet been attempted on gymnasts 
neither has a scientific report, showing a precise FMS analysis using Kinovea video-analysis 
software, been published. 

Methods
The sample comprised 10 adolescent competitive gymnasts (6 males, aged 11.3 ±0.39 
years, BH 136 ±1.38 cm, BW 32.3 ±0.36 kg, and 4 females, aged 11.84 ±0.66 years, BH 
141.75 ±5.81 cm, BW 35.78 ±2.47 kg). The Functional Movement Screen (FMS) system 
was used for injury risk assessment. There are numerous studies that has proven its 
reliability (Bonazza et al., 2017; Minick et al., 2010; Moran et al., 2016; Schneiders et al., 
2011; Teyhen et al., 2012;). Movement models tested in the FMS put the athlete in a 
position in which the limits of functional movement can be identified, e.g. asymmetry, 
which is a potential predictor of injury. The FMS consists of seven tests: deep squat, hurdle 
step, in-line lunge, shoulder mobility, active straight leg raise, trunk stability push-up, and 
rotary stability tests (Cook et al., 2010). Five out of 7 tests are bilateral. The protocol of the 
tests and evaluation of FMS scores is described in detail in literature (Cook et al., 2010; 

2014a; 2014b; Teyhen et al., 2012). The movement performance was recorded by two 
digital video cameras (Canon EOS 550D model) located in the sagittal and frontal planes. 
FMS scores were measured using Kinovea software. Kinovea is a simple but popular tool 
used for basic kinematic analysis (Kinovea, 2013). It is easy to measure joint angles using 
Kinovea; by using any single known length, Kinovea is able to calculate distance and its 
derivatives, speed and acceleration. Table 1 lists FMS scoring criteria and its kinematic 
equivalents.
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The Programme of Promoting Organized Sports Recreation is carried out by “Sport for All” 
Zagreb Association of Sports Recreation. The Association brings together 15 sports 
recreation sociates (non-profit organizations) from the City of Zagreb, carries out around 
200 “Sport for All” programmes in 50 locations throughout the city for 10 to 12 thousand 
users. “Sport for All” programmes include the Regular Physical Exercise Programme in City 
districts in approximately 30 locations of local self-government units, with more than 70 
groups of people exercising, including the young, the elderly and people with special needs, 
the Recreational Swimming Programme in City Swimming Pools offering aquaerobics, 
improvement of swimming techniques and competitions in the Recreational Swimming 
League, as well as the Nordic Walking Programme – Moving towards Health. Sports 
recreation competitions (Games for All) are carried out on a territorial basis, in city districts 
and through the activity of sports recreation associations. The events and happenings are 
programme-oriented to those of importance for the city, such as City Summer Programmes 
or City District Days, Jarun Seniors’ Meetings or Maksimir Autumn, but also national and 
international events such as World Walking Day, World Sport Day or International 
Movement Week, as well as the organization of trips, meetings or sports recreation festivals 
(Programme of Public Needs in Sports of the City of Zagreb for 2018).
According to membership information of “Sport for All” Zagreb Association of Sports 
Recreation, there are 30,000 registered citizens actively participating in recreation. 
However, a much larger number of citizens takes part in sports recreational activities, but 
they pay for their sports recreation themselves. The Association membership provides 
certain benefits and cheaper programmes for the user, some of which are available 
completely free of charge (physical exercise in local districts).
Out of 300 sports recreation associations registered in the Register of Sport Activities of 
the City of Zagreb, only 15 are members of the “Sport for All” Zagreb Association of Sports 
Recreation.

Discussion
The share of funds allocated for sports recreation in the total funds for sport development 
in the City of Zagreb amounted from 0.81% to 1.31% or 0.98% on average in the period of 
ten years. The level of funds allocated for Sports Recreation Programme in the Programme 
of Sports of the City of Zagreb in the indicated period ranged from 0.4% to 0.6%, i.e. 0.5% 
on average. The share of funds allocated for sports recreation in total funds for City Budget 
of the City of Zagreb amounted on average 0.05% in the period of ten years. Nominally, 

there has been a constant decrease in funds allocated for sports recreation programmes in 
the last ten years, with minor deviations. 
While average investment in sports recreation from public needs in sport has amounted to 
0.34% at the state level in the period of ten years, the City of Zagreb has committed funds 
from public needs in sport amounting to 1.09% of public funds on average in the period of 
ten years, i.e. 0.98% of total sports funds for the overall sports recreation programmes.
According to the annual Activity Report of the Croatian Health Insurance Fund for the year 
2016, the largest part of total benefits paid in 2016 accounted for sickness and disability 
benefits amounting to HRK 1,091,915,847.00, which is an increase of 9.79% or HRK 
97,389,712.00 compared to benefits paid for temporary incapacity for work in the previous 
year (HRK 994,526,135.00) and they account for 4.74% of total expenditures, i.e. 46.09% 
of total benefits. Due to temporary incapacity for work, 45,832 employees on average are 
absent from work on a daily basis, which accounts for 3,06% of the total number of active 
insured persons, i.e. 1,442 persons more than in 2015 (44 390 workers) (Activity Report of 
the Croatian Health Insurance Fund, 2016).
Although the data on benefits refer to the Republic of Croatia in its entirety, and not only to 
the City of Zagreb, the alarming fact is that the amount of HRK 1,091,915,847.00 was 
allocated for sickness and disability benefits in 2016, out of which the amount of HRK 
685,108,887.00 or 62% accounted for sick leave benefits. According to the Statistical 
Yearbook of the City of Zagreb for 2017, the number of days of absence from work in the 
City of Zagreb in 2016 amounted to 6,054,000 (sick leave accounting for 66%) or 13.7 per 
active participant. On the other hand, in 2016 and 2017 the City of Zagreb alone allocated 
HRK 1,503,400.00 annually for sports recreation programmes, i.e. the total of HRK 
2.955.700.00 – 3,223,700.00 annually, including sports facilities.
According to the report of the World Health Organization for 2012 and statistical data per 
countries, mortality rate according to illness types in Croatia is very serious, but is declining. 
For example, 23.5% of causes of death accounts for heart diseases and 14.1% for stroke. 
The largest share of all diseases causing death accounts for cardiovascular diseases and 
diabetes, as well as for cancer (the data on Zagreb in the same year show that the number 
of deaths caused by similar illness types amounts to 6528 out of the total of 8329 deaths). 
Other indicators of the World Health Organization demonstrate the prevalence of 
overweight adults (aged 18 and over) for the year 2016, accounting for 59.6% of the total 
population of Croatia. Physical inactivity has been identified as the fourth leading risk factor 
for global mortality (6% of deaths). The WHO Report shows that globally, 23% of adult 
citizens aged 18 and over is insufficiently physically active, and the common conclusion of 
the WHO member states is that by 2025 the number should be reduced by 10% (2010). At 
the same time, the data on the Republic of Croatia showed that 80.2% of adult Croatian 
population (aged 18 and over) is physically active, meaning that there are less than 20% 
physically inactive citizens, which is the global average. When it comes to adolescents (aged 
11-15), the situation is alarming since there are 25.6% active adolescents, and the situation 
is no better at a global level either.
According to the research carried out by Ipsos Agency in June 2017 for the Central State 
Office for Sports, 38% of Croatian citizens take part in sports recreation (cycling, dancing, 
etc.) or other types of physical activity. The youngest age group (aged 15-20) takes part in 
physical activity much more frequently, with 72% of them being physically active at least 
once a week. Population aged 60 and over is least physically active and 80% of them never 
engages in physical activity. Croatian people prefer doing the abovementioned physical 
activities in open spaces, parks and nature (46%), 30% of citizens opt for a sport/fitness 
club or centre, while 27% of Croatians exercise at home. Health is the main motive of 61% 
of citizens participating in sports, recreation or other types of physical activity. Apart from 
health reasons, Croatian people mostly do physical activity in order to improve their fitness 
(38%), relax (37%), spend time with friends (29%), have fun (27%), improve their physical 

appearance (25%), control their weight (18%) and improve their athletic performance (13%). 
For the majority of the population (61%) the type of sports and physical activities they do 
does not require any expenses since they prefer outdoor activities. 57% of population of 
the City of Zagreb and its surroundings participate in some type of physical activity.

Conclusion
Although it has been scientifically proven that recreation has a positive impact on health, 
hence on the quality of life and work efficiency of citizens, and that regular exercise 
prevents long-term sick leave, mental symptoms and poor general health condition among 
working population and that it acts as a cure for major public health problems, physical 
activity is largely connected to the private, individual sphere. The City of Zagreb commits 
significant funds from its budget for the promotion of sports recreation through sports 
recreation associations given the small number of associations to which these funds are 
allocated. The comprehensive representation of overall citizen participation in sports 
recreation is difficult since it is carried out on several levels and through several subjects, 
mostly through payment itself. The latest research from 2017 show that 57% of citizens of 
the City of Zagreb takes part in some type of physical activity, (European average of 
between 13 and 72 per cent of active participation), but no systematic research on the 
actual number of citizens engaged in sports recreation activities. Zagreb position is better 
than in the Republic of Croatia, and on average at global level. However, a growing trend of 
citizens’ self-engagement in activities such as recreational walking, marathons and various 
sports recreation events can be noticed. Every country, as well as local community, should 
pay close attention to sports recreation as a proven instrument of providing general health 
benefits to its citizens, and numerical indicators presented provide a strong basis. Greater 
involvement of sport and health systems in a joint research on this topic is needed for the 
purpose of common interests of improving public health and better use of public money.
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ABSTRACT
PURPOSE. This study evaluates main physical features inherent in flying and basing 
positions in cheerleading girls. METHODS. Eighteen female members of a cheerleading 
squad, aged 15-18 years, underwent anthropometric measurements and tests of static 
balance (Romberg test, «Target» test), muscle power (squat jump, countermovement jump), 
and isokinetic strength of knee flexors and extensors. RESULTS. Results showed that 
cheerleading girls performing basing positions, in comparison with those of flying positions, 
had a significantly higher body fat (16.9 kg vs. 11.1 kg, p<.01), a higher content of 
musco-skeletal components of body weight (23 kg vs. 19.1 kg, p<.001), were taller (166 cm 
vs. 158 cm, p<.05), have higher body mass index (22.5 kg/m2 vs. 19.3 kg/m2, p<.01) and 
higher body mass (63 kg vs. 48 kg, p<.05). In addition, mean value of peak knee extension 
torque was significantly higher for cheerleading girls of basing than flying positions for the 
right leg (97.7 Nm and 74 Nm, respectively, p<.05) as well as for the left leg (99.2 Nm and 
76.3 Nm, respectively, p<.05). Mean value of peak knee flexion torque was significantly 
higher for cheerleading girls of basing than the flying positions for the right leg (73.9 Nm 
and 57 Nm, respectively, p<.05). However, there were no significant between-group 
differences in the variables of static balance and vertical jumps. CONCLUSION. 
Cheerleading girls performing basing positions are taller, heavier, and have a higher BMI 
than those of flying positions. They also achieve higher isokinetic strength of knee 

extensors and flexors. Such measurements of body composition and physical fitness can 
provide useful information on their development during training.

Key words: adolescents, basing, flying, body composition, isokinetic strength, static 
balance, vertical jump

Introduction
Cheerleading is a type of competitive sports that includes components of acrobatics, dance, 
jumps, cheers, and stunting. It originates from the motivational teams for American 
football’s intercollegiate game, whose purpose was to support players and entertain the 
audience (Universal Cheerleading Association, 2002). Nowadays it is a separate kind of 
sport implying complicated athletic performances. Organized cheerleading started as an 
all-male activity. Initially, participants of the squad yelled cheers, then tumble and 
acrobatics were added to their routines. Women were actively joining teams in the times of 
World War II since a lot of college-aged men went off to war (Universal Cheerleading 
Association, 2002). A contemporary discipline cheer is considered as a female kind of sport. 
It includes three main positions: flying, basing and spotting. Every position requires a special 
degree of flexibility and such physical features as athlete’s strength and weight. An irregular 
trend could be observed in athlete’s physical fitness status between the positions (Thomas, 
Seegmiller, Cook, & Young, 2004). Although it is considered to expect special 
anthropometric parameters for every position, very little is known about their physiological 
profile. Moreover, there a lot of cases of injuries that could be connected with physical 
requires for every position. Catastrophic injuries have increased over the years, presumably 
because of an increase in the gymnastic-like stunts currently common in cheerleading and 
inapplicable fitness level (Thomas, et al., 2004). In addition, a lifetime of adolescence or 
young adulthood may predispose to eating disorders such as anorexia nervosa and bulimia 
nervosa (Deering, 2001). Important to note, between high-school cheerleaders there is an 
above-average number of eating disorders (Macleod, 1998). Although athletes may not 
suffer life-threatening medical complications, it can lead to significant weight loss or weight 
gain vastly changing body composition (Thompson & Digsby, 2004). Therefore, the purpose 
of current study was to evaluate the main physical features inherent to flying and basing 
positions and compare the obtained data between different age groups of youth.

Methods
Subjects. Eighteen female members of cheerleading squad were investigated. Subjects 
ranged in age from 15 to 18 years. Experimental procedures were conducted by highly 
qualified athletes in the preseason cycle of training. Subjects did not have any injuries to 
musculoskeletal system or any contraindications to the testing. Participants read and signed 
an informed agreement of MCAST.  
Measurements. Anthropometric assessment, which included the determination of height 
and body weight, body composition (bioimpedance analyses, “ABC-01 Medass”). 
Stabilometry was performed using equipment "Stabilan-01" (the “European” way of feet 
position). Romberg test was performed with open and closed eyes, 1 min for each test. Test 
“Target” was conducted with biofeedback in a stance 20 s long. Vertical jump tests 
consisted of two types of jumps: squat jump (SJ) and countermovement jump (CMJ). Jump 
test procedure was performed on the AMTI force plate. The height of the jump was 
calculated from the ground reaction forces sampled at a rate of 1000 Hz. The evaluation of 
the speed-power capabilities of flexors and extensors of the knee joint of both legs was 
performed on an isokinetic dynamometer “Humac Norm” (USA, CSMI) in the isokinetic 
mode at the angular velocity of 180 degrees/s. Three to five maximum attempts were 
executed with rest intervals of at least 20 seconds. 
Statistical analyses included checking the data for normal distribution by the Shapiro-Wilk’s 

The main physical abilities of gymnasts are strength, speed, flexibility, skill and muscular 
endurance (Arkaev & Suchilin, 2004; Marina, Jemni, Rodríguez & Jimenes, 2012; Monem, 
Sands, Salmela, Holvoet & Gateva, 2011). Only developing these skills from the earliest ages 
of specialization with regular practice can lead to success in gymnastics and high-level 
achievements. 
The development of leg power is an important component for success in a variety of sports. 
Vertical jump test is considered to be the most effective tool for assessing leg power and, 
therefore, a valid predictor of athletic performance (De Salles, Vasconcellos, De Salles, et al., 
2012; Hoffman, Epstein, Einbinder, & Weinstein, 2000; Wisløff,  Castagna, Helgerud, et al., 
2004). 
During cheerleading performance, both flying and basing positions are involved in jumping 
and hopping activities. Thus, it can be assumed, that jump height could be an important 
variable in physiological profile of a successful cheerleader (for both positions).
CMJ/SJ height ratio, which is also known as eccentric utilization ratio (EUR) (Hawkins, 
Doyle & McGuigan, 2009; Impellizzeri, Rampinini, Castagna, Martino, Fiorini & Wisloff, 
2008; McGuigan, et al., 2006), indicates the ability of an athlete to use elastic energy of the 
muscle-tendon complex to enhance countermovement jump height. We believe that EUR, 
as well as SJ and CMJ height, must be included in a profile as an indicator of cheerleader’s 
plyometric performance. 

Conclusions
To sum up, the results of this study revealed the significant differences in physical and 
physiological characteristics between flying and basing positions of cheerleaders. That is 
why an individual approach to every athlete is so substantial during training process. In 
addition, the data obtained on stabilometry and leg power assessment are necessary for 
planning optimal accurate programs of the core-strength and speed-strength training for 
every position in cheerleading.
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ABSTRACT
PURPOSE: To find out if gymnasts are prone to injury based on their dynamic stability 
assessment results. The aim is to verify the observations made with the Functional 
Movement Screen (FMS) test via the objective method – Kinovea, video-analysis software. 
To the best of the authors’ knowledge, there exists no previous research using the FMS to 
assess young gymnasts. Furthermore, no scientific report has been published showing a 
precise analysis of the FMS via Kinovea. The seven movement tests, used in the FMS, have 
different positions and movements that reveal gymnast’s weaknesses and asymmetries; 
therefore, they can help identify a level of athlete’s injury risk as well as provide the basis of 
testing for potential injuries. This information may be of benefit to trainers and 
physiotherapists in the injury prevention protocol. METHODS: The sample consisted of 10 
adolescent competitive gymnasts (6 male and 4 female), mean age 11.57 years, body height 
138.87 cm, body weight 34.04 kg. The FMS test included seven subtests: deep squat, 
hurdle step, in-line lunge, shoulder mobility, active straight leg raise, trunk stability push-up 
and rotary stability. It is used as a diagnostic procedure for assessing postural stability and 
mobility, and for the broader purpose of preventing professional injury. The movements 
were recorded by two digital video cameras. Objective assessment was conducted using 
Kinovea video-analysis software, with the FMS scores based on the criteria established by 
Cook et al. (2010) and on kinematic equivalents adapted from Whiteside et al. (2016). The 
results were analysed by descriptive statistics and presented in tables. RESULTS: The total 
mean score of the FMS test for the overall sample is 14.12. The average score for males 
(14.5) is higher than the average score for females (13.75). We can conclude that our 
participants are not at risk of injury. The lowest average scores were measured in shoulder 
mobility (1.12), deep squat (1.15) and rotary stability (1.87), while the highest scores were 
measured in active straight leg raise (2.87), hurdle step (2.41) and in-line lunge (2.41). 

CONCLUSION: Competitive young gymnasts do not have increased risk of injury, since 
they have achieved a score higher than 13, which represents the cut-off score for 
high-school athletes.

Key words: gymnastics, stability, mobility, FMS, Kinovea movement video-analysis software 

Introduction
The International Gymnastics Federation (Fédération Internationale de Gymnastique-FIG) 
defines Artistic Gymnastics as an Olympic sport divided into Men’s and Women’s Artistic 
Gymnastics, which differ in the number and type of gymnastic events. Gymnastics, as one 
of the basic kinesiological activities, is listed into the group of conventional aesthetic sports 
according to the criterion of structural complexity of movement patterns (Milanović, 2013), 
and into aerobic sports according to the criterion of dominant energy processes. The most 
important motor skills are: coordination, explosive strength, flexibility, balance and speed. 
As many as 1327 technical elements appear in the Manuals of both Women’s and Men’s 
Gymnastics. The prescribed techniques of 527 elements can be found in the Manual of 
Women’s Gymnastics (Vault 80; Uneven Bars 155; Beam 189, Floor 103), and we can find 
as many as 800 prescribed techniques of gymnastic elements in the Manual of Men’s 
Gymnastics (Floor 137; Pommel Horse 118; Still Rings 144; Vault 104; Parallel Bars 155; 
Horizontal Bar 142) (Živčić Marković & Krističević, 2016).
Experience of coaching at the Novi Zagreb Gymnastics Club enables us to observe 
distinctive features in gymnasts’ dynamic posture and stability-mobility relationship. 
Stability and mobility (dynamic stability) can be evaluated by various tests, and nowadays 
the assessment tool often used is Functional Movement Screen (FMS). The FMS consists of 
seven tests, with the maximal composite score of 21 (3 in each subtest). In order to achieve 
the best score (3), a participant must perform on the test efficiently without any mistakes. 
Preforming the movement pattern with minimal deviations and compensations is evaluated 
with a score of two, and movement with greater deviations or loss of balance is scored one 
(Stobierski et al., 2015). It is also evaluated whether the body shows dorsoventral and 
bilateral asymmetry (Cook et al., 2010; 2014a; 2014b). FMS performance, especially when 
conducted on populations of athletes, is analysed by various researchers via different 
methods. In their systematic review, Moran et al. (2016) distinguished two ways of 
evaluating FMS performance: live ratings and video ratings. Since video ratings are also 
based on observational assessment principles, there is a need for truly objective 
assessment. The aim of the research is to objectify results of the observational screening 
FMS test, using the method of Kinovea software video-analysis. According to the authors’ 
reference to the existing literature, FMS study has not yet been attempted on gymnasts 
neither has a scientific report, showing a precise FMS analysis using Kinovea video-analysis 
software, been published. 

Methods
The sample comprised 10 adolescent competitive gymnasts (6 males, aged 11.3 ±0.39 
years, BH 136 ±1.38 cm, BW 32.3 ±0.36 kg, and 4 females, aged 11.84 ±0.66 years, BH 
141.75 ±5.81 cm, BW 35.78 ±2.47 kg). The Functional Movement Screen (FMS) system 
was used for injury risk assessment. There are numerous studies that has proven its 
reliability (Bonazza et al., 2017; Minick et al., 2010; Moran et al., 2016; Schneiders et al., 
2011; Teyhen et al., 2012;). Movement models tested in the FMS put the athlete in a 
position in which the limits of functional movement can be identified, e.g. asymmetry, 
which is a potential predictor of injury. The FMS consists of seven tests: deep squat, hurdle 
step, in-line lunge, shoulder mobility, active straight leg raise, trunk stability push-up, and 
rotary stability tests (Cook et al., 2010). Five out of 7 tests are bilateral. The protocol of the 
tests and evaluation of FMS scores is described in detail in literature (Cook et al., 2010; 

For the purpose of FMS scoring, we used the exact original criteria as set by Cook et al., 
2010. However, in order to utilise benefits provided by Kinovea software, we adapted and 
slightly modified the set of kinematic criteria developed by Whiteside et al., 2016. The 
modifications are as follows: Whiteside kinematic criteria equivalents were simplified, L5S1 
movement was not measured because of different measuring techniques and in FMS 5 
tested thigh length was used rather than the length of the adjacent side. The FMS 4: 
Shoulder Mobility is the only FMS subtest that was not scored using Kinovea software, 
since that test employs very objective measurements for scoring and there is no need for 

2014a; 2014b; Teyhen et al., 2012). The movement performance was recorded by two 
digital video cameras (Canon EOS 550D model) located in the sagittal and frontal planes. 
FMS scores were measured using Kinovea software. Kinovea is a simple but popular tool 
used for basic kinematic analysis (Kinovea, 2013). It is easy to measure joint angles using 
Kinovea; by using any single known length, Kinovea is able to calculate distance and its 
derivatives, speed and acceleration. Table 1 lists FMS scoring criteria and its kinematic 
equivalents.

kinematic equivalents. The FMS has been applied and rated exactly how Whiteside et al. 
(2016) have suggested. All participants performed each task three times, and the best 
attempt was extracted for further analysis. The results have been analysed by descriptive 
methods.

Results
Ten young gymnasts were measured, six males and four females. The basic anthropometric 
characteristics of the participants are presented in Table 2.
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The Programme of Promoting Organized Sports Recreation is carried out by “Sport for All” 
Zagreb Association of Sports Recreation. The Association brings together 15 sports 
recreation sociates (non-profit organizations) from the City of Zagreb, carries out around 
200 “Sport for All” programmes in 50 locations throughout the city for 10 to 12 thousand 
users. “Sport for All” programmes include the Regular Physical Exercise Programme in City 
districts in approximately 30 locations of local self-government units, with more than 70 
groups of people exercising, including the young, the elderly and people with special needs, 
the Recreational Swimming Programme in City Swimming Pools offering aquaerobics, 
improvement of swimming techniques and competitions in the Recreational Swimming 
League, as well as the Nordic Walking Programme – Moving towards Health. Sports 
recreation competitions (Games for All) are carried out on a territorial basis, in city districts 
and through the activity of sports recreation associations. The events and happenings are 
programme-oriented to those of importance for the city, such as City Summer Programmes 
or City District Days, Jarun Seniors’ Meetings or Maksimir Autumn, but also national and 
international events such as World Walking Day, World Sport Day or International 
Movement Week, as well as the organization of trips, meetings or sports recreation festivals 
(Programme of Public Needs in Sports of the City of Zagreb for 2018).
According to membership information of “Sport for All” Zagreb Association of Sports 
Recreation, there are 30,000 registered citizens actively participating in recreation. 
However, a much larger number of citizens takes part in sports recreational activities, but 
they pay for their sports recreation themselves. The Association membership provides 
certain benefits and cheaper programmes for the user, some of which are available 
completely free of charge (physical exercise in local districts).
Out of 300 sports recreation associations registered in the Register of Sport Activities of 
the City of Zagreb, only 15 are members of the “Sport for All” Zagreb Association of Sports 
Recreation.

Discussion
The share of funds allocated for sports recreation in the total funds for sport development 
in the City of Zagreb amounted from 0.81% to 1.31% or 0.98% on average in the period of 
ten years. The level of funds allocated for Sports Recreation Programme in the Programme 
of Sports of the City of Zagreb in the indicated period ranged from 0.4% to 0.6%, i.e. 0.5% 
on average. The share of funds allocated for sports recreation in total funds for City Budget 
of the City of Zagreb amounted on average 0.05% in the period of ten years. Nominally, 

Table 1. FMS scoring criteria using Kinovea

there has been a constant decrease in funds allocated for sports recreation programmes in 
the last ten years, with minor deviations. 
While average investment in sports recreation from public needs in sport has amounted to 
0.34% at the state level in the period of ten years, the City of Zagreb has committed funds 
from public needs in sport amounting to 1.09% of public funds on average in the period of 
ten years, i.e. 0.98% of total sports funds for the overall sports recreation programmes.
According to the annual Activity Report of the Croatian Health Insurance Fund for the year 
2016, the largest part of total benefits paid in 2016 accounted for sickness and disability 
benefits amounting to HRK 1,091,915,847.00, which is an increase of 9.79% or HRK 
97,389,712.00 compared to benefits paid for temporary incapacity for work in the previous 
year (HRK 994,526,135.00) and they account for 4.74% of total expenditures, i.e. 46.09% 
of total benefits. Due to temporary incapacity for work, 45,832 employees on average are 
absent from work on a daily basis, which accounts for 3,06% of the total number of active 
insured persons, i.e. 1,442 persons more than in 2015 (44 390 workers) (Activity Report of 
the Croatian Health Insurance Fund, 2016).
Although the data on benefits refer to the Republic of Croatia in its entirety, and not only to 
the City of Zagreb, the alarming fact is that the amount of HRK 1,091,915,847.00 was 
allocated for sickness and disability benefits in 2016, out of which the amount of HRK 
685,108,887.00 or 62% accounted for sick leave benefits. According to the Statistical 
Yearbook of the City of Zagreb for 2017, the number of days of absence from work in the 
City of Zagreb in 2016 amounted to 6,054,000 (sick leave accounting for 66%) or 13.7 per 
active participant. On the other hand, in 2016 and 2017 the City of Zagreb alone allocated 
HRK 1,503,400.00 annually for sports recreation programmes, i.e. the total of HRK 
2.955.700.00 – 3,223,700.00 annually, including sports facilities.
According to the report of the World Health Organization for 2012 and statistical data per 
countries, mortality rate according to illness types in Croatia is very serious, but is declining. 
For example, 23.5% of causes of death accounts for heart diseases and 14.1% for stroke. 
The largest share of all diseases causing death accounts for cardiovascular diseases and 
diabetes, as well as for cancer (the data on Zagreb in the same year show that the number 
of deaths caused by similar illness types amounts to 6528 out of the total of 8329 deaths). 
Other indicators of the World Health Organization demonstrate the prevalence of 
overweight adults (aged 18 and over) for the year 2016, accounting for 59.6% of the total 
population of Croatia. Physical inactivity has been identified as the fourth leading risk factor 
for global mortality (6% of deaths). The WHO Report shows that globally, 23% of adult 
citizens aged 18 and over is insufficiently physically active, and the common conclusion of 
the WHO member states is that by 2025 the number should be reduced by 10% (2010). At 
the same time, the data on the Republic of Croatia showed that 80.2% of adult Croatian 
population (aged 18 and over) is physically active, meaning that there are less than 20% 
physically inactive citizens, which is the global average. When it comes to adolescents (aged 
11-15), the situation is alarming since there are 25.6% active adolescents, and the situation 
is no better at a global level either.
According to the research carried out by Ipsos Agency in June 2017 for the Central State 
Office for Sports, 38% of Croatian citizens take part in sports recreation (cycling, dancing, 
etc.) or other types of physical activity. The youngest age group (aged 15-20) takes part in 
physical activity much more frequently, with 72% of them being physically active at least 
once a week. Population aged 60 and over is least physically active and 80% of them never 
engages in physical activity. Croatian people prefer doing the abovementioned physical 
activities in open spaces, parks and nature (46%), 30% of citizens opt for a sport/fitness 
club or centre, while 27% of Croatians exercise at home. Health is the main motive of 61% 
of citizens participating in sports, recreation or other types of physical activity. Apart from 
health reasons, Croatian people mostly do physical activity in order to improve their fitness 
(38%), relax (37%), spend time with friends (29%), have fun (27%), improve their physical 

appearance (25%), control their weight (18%) and improve their athletic performance (13%). 
For the majority of the population (61%) the type of sports and physical activities they do 
does not require any expenses since they prefer outdoor activities. 57% of population of 
the City of Zagreb and its surroundings participate in some type of physical activity.

Conclusion
Although it has been scientifically proven that recreation has a positive impact on health, 
hence on the quality of life and work efficiency of citizens, and that regular exercise 
prevents long-term sick leave, mental symptoms and poor general health condition among 
working population and that it acts as a cure for major public health problems, physical 
activity is largely connected to the private, individual sphere. The City of Zagreb commits 
significant funds from its budget for the promotion of sports recreation through sports 
recreation associations given the small number of associations to which these funds are 
allocated. The comprehensive representation of overall citizen participation in sports 
recreation is difficult since it is carried out on several levels and through several subjects, 
mostly through payment itself. The latest research from 2017 show that 57% of citizens of 
the City of Zagreb takes part in some type of physical activity, (European average of 
between 13 and 72 per cent of active participation), but no systematic research on the 
actual number of citizens engaged in sports recreation activities. Zagreb position is better 
than in the Republic of Croatia, and on average at global level. However, a growing trend of 
citizens’ self-engagement in activities such as recreational walking, marathons and various 
sports recreation events can be noticed. Every country, as well as local community, should 
pay close attention to sports recreation as a proven instrument of providing general health 
benefits to its citizens, and numerical indicators presented provide a strong basis. Greater 
involvement of sport and health systems in a joint research on this topic is needed for the 
purpose of common interests of improving public health and better use of public money.
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ABSTRACT
PURPOSE. This study evaluates main physical features inherent in flying and basing 
positions in cheerleading girls. METHODS. Eighteen female members of a cheerleading 
squad, aged 15-18 years, underwent anthropometric measurements and tests of static 
balance (Romberg test, «Target» test), muscle power (squat jump, countermovement jump), 
and isokinetic strength of knee flexors and extensors. RESULTS. Results showed that 
cheerleading girls performing basing positions, in comparison with those of flying positions, 
had a significantly higher body fat (16.9 kg vs. 11.1 kg, p<.01), a higher content of 
musco-skeletal components of body weight (23 kg vs. 19.1 kg, p<.001), were taller (166 cm 
vs. 158 cm, p<.05), have higher body mass index (22.5 kg/m2 vs. 19.3 kg/m2, p<.01) and 
higher body mass (63 kg vs. 48 kg, p<.05). In addition, mean value of peak knee extension 
torque was significantly higher for cheerleading girls of basing than flying positions for the 
right leg (97.7 Nm and 74 Nm, respectively, p<.05) as well as for the left leg (99.2 Nm and 
76.3 Nm, respectively, p<.05). Mean value of peak knee flexion torque was significantly 
higher for cheerleading girls of basing than the flying positions for the right leg (73.9 Nm 
and 57 Nm, respectively, p<.05). However, there were no significant between-group 
differences in the variables of static balance and vertical jumps. CONCLUSION. 
Cheerleading girls performing basing positions are taller, heavier, and have a higher BMI 
than those of flying positions. They also achieve higher isokinetic strength of knee 

extensors and flexors. Such measurements of body composition and physical fitness can 
provide useful information on their development during training.

Key words: adolescents, basing, flying, body composition, isokinetic strength, static 
balance, vertical jump

Introduction
Cheerleading is a type of competitive sports that includes components of acrobatics, dance, 
jumps, cheers, and stunting. It originates from the motivational teams for American 
football’s intercollegiate game, whose purpose was to support players and entertain the 
audience (Universal Cheerleading Association, 2002). Nowadays it is a separate kind of 
sport implying complicated athletic performances. Organized cheerleading started as an 
all-male activity. Initially, participants of the squad yelled cheers, then tumble and 
acrobatics were added to their routines. Women were actively joining teams in the times of 
World War II since a lot of college-aged men went off to war (Universal Cheerleading 
Association, 2002). A contemporary discipline cheer is considered as a female kind of sport. 
It includes three main positions: flying, basing and spotting. Every position requires a special 
degree of flexibility and such physical features as athlete’s strength and weight. An irregular 
trend could be observed in athlete’s physical fitness status between the positions (Thomas, 
Seegmiller, Cook, & Young, 2004). Although it is considered to expect special 
anthropometric parameters for every position, very little is known about their physiological 
profile. Moreover, there a lot of cases of injuries that could be connected with physical 
requires for every position. Catastrophic injuries have increased over the years, presumably 
because of an increase in the gymnastic-like stunts currently common in cheerleading and 
inapplicable fitness level (Thomas, et al., 2004). In addition, a lifetime of adolescence or 
young adulthood may predispose to eating disorders such as anorexia nervosa and bulimia 
nervosa (Deering, 2001). Important to note, between high-school cheerleaders there is an 
above-average number of eating disorders (Macleod, 1998). Although athletes may not 
suffer life-threatening medical complications, it can lead to significant weight loss or weight 
gain vastly changing body composition (Thompson & Digsby, 2004). Therefore, the purpose 
of current study was to evaluate the main physical features inherent to flying and basing 
positions and compare the obtained data between different age groups of youth.

Methods
Subjects. Eighteen female members of cheerleading squad were investigated. Subjects 
ranged in age from 15 to 18 years. Experimental procedures were conducted by highly 
qualified athletes in the preseason cycle of training. Subjects did not have any injuries to 
musculoskeletal system or any contraindications to the testing. Participants read and signed 
an informed agreement of MCAST.  
Measurements. Anthropometric assessment, which included the determination of height 
and body weight, body composition (bioimpedance analyses, “ABC-01 Medass”). 
Stabilometry was performed using equipment "Stabilan-01" (the “European” way of feet 
position). Romberg test was performed with open and closed eyes, 1 min for each test. Test 
“Target” was conducted with biofeedback in a stance 20 s long. Vertical jump tests 
consisted of two types of jumps: squat jump (SJ) and countermovement jump (CMJ). Jump 
test procedure was performed on the AMTI force plate. The height of the jump was 
calculated from the ground reaction forces sampled at a rate of 1000 Hz. The evaluation of 
the speed-power capabilities of flexors and extensors of the knee joint of both legs was 
performed on an isokinetic dynamometer “Humac Norm” (USA, CSMI) in the isokinetic 
mode at the angular velocity of 180 degrees/s. Three to five maximum attempts were 
executed with rest intervals of at least 20 seconds. 
Statistical analyses included checking the data for normal distribution by the Shapiro-Wilk’s 

The main physical abilities of gymnasts are strength, speed, flexibility, skill and muscular 
endurance (Arkaev & Suchilin, 2004; Marina, Jemni, Rodríguez & Jimenes, 2012; Monem, 
Sands, Salmela, Holvoet & Gateva, 2011). Only developing these skills from the earliest ages 
of specialization with regular practice can lead to success in gymnastics and high-level 
achievements. 
The development of leg power is an important component for success in a variety of sports. 
Vertical jump test is considered to be the most effective tool for assessing leg power and, 
therefore, a valid predictor of athletic performance (De Salles, Vasconcellos, De Salles, et al., 
2012; Hoffman, Epstein, Einbinder, & Weinstein, 2000; Wisløff,  Castagna, Helgerud, et al., 
2004). 
During cheerleading performance, both flying and basing positions are involved in jumping 
and hopping activities. Thus, it can be assumed, that jump height could be an important 
variable in physiological profile of a successful cheerleader (for both positions).
CMJ/SJ height ratio, which is also known as eccentric utilization ratio (EUR) (Hawkins, 
Doyle & McGuigan, 2009; Impellizzeri, Rampinini, Castagna, Martino, Fiorini & Wisloff, 
2008; McGuigan, et al., 2006), indicates the ability of an athlete to use elastic energy of the 
muscle-tendon complex to enhance countermovement jump height. We believe that EUR, 
as well as SJ and CMJ height, must be included in a profile as an indicator of cheerleader’s 
plyometric performance. 

Conclusions
To sum up, the results of this study revealed the significant differences in physical and 
physiological characteristics between flying and basing positions of cheerleaders. That is 
why an individual approach to every athlete is so substantial during training process. In 
addition, the data obtained on stabilometry and leg power assessment are necessary for 
planning optimal accurate programs of the core-strength and speed-strength training for 
every position in cheerleading.
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ABSTRACT
PURPOSE: To find out if gymnasts are prone to injury based on their dynamic stability 
assessment results. The aim is to verify the observations made with the Functional 
Movement Screen (FMS) test via the objective method – Kinovea, video-analysis software. 
To the best of the authors’ knowledge, there exists no previous research using the FMS to 
assess young gymnasts. Furthermore, no scientific report has been published showing a 
precise analysis of the FMS via Kinovea. The seven movement tests, used in the FMS, have 
different positions and movements that reveal gymnast’s weaknesses and asymmetries; 
therefore, they can help identify a level of athlete’s injury risk as well as provide the basis of 
testing for potential injuries. This information may be of benefit to trainers and 
physiotherapists in the injury prevention protocol. METHODS: The sample consisted of 10 
adolescent competitive gymnasts (6 male and 4 female), mean age 11.57 years, body height 
138.87 cm, body weight 34.04 kg. The FMS test included seven subtests: deep squat, 
hurdle step, in-line lunge, shoulder mobility, active straight leg raise, trunk stability push-up 
and rotary stability. It is used as a diagnostic procedure for assessing postural stability and 
mobility, and for the broader purpose of preventing professional injury. The movements 
were recorded by two digital video cameras. Objective assessment was conducted using 
Kinovea video-analysis software, with the FMS scores based on the criteria established by 
Cook et al. (2010) and on kinematic equivalents adapted from Whiteside et al. (2016). The 
results were analysed by descriptive statistics and presented in tables. RESULTS: The total 
mean score of the FMS test for the overall sample is 14.12. The average score for males 
(14.5) is higher than the average score for females (13.75). We can conclude that our 
participants are not at risk of injury. The lowest average scores were measured in shoulder 
mobility (1.12), deep squat (1.15) and rotary stability (1.87), while the highest scores were 
measured in active straight leg raise (2.87), hurdle step (2.41) and in-line lunge (2.41). 

CONCLUSION: Competitive young gymnasts do not have increased risk of injury, since 
they have achieved a score higher than 13, which represents the cut-off score for 
high-school athletes.

Key words: gymnastics, stability, mobility, FMS, Kinovea movement video-analysis software 

Introduction
The International Gymnastics Federation (Fédération Internationale de Gymnastique-FIG) 
defines Artistic Gymnastics as an Olympic sport divided into Men’s and Women’s Artistic 
Gymnastics, which differ in the number and type of gymnastic events. Gymnastics, as one 
of the basic kinesiological activities, is listed into the group of conventional aesthetic sports 
according to the criterion of structural complexity of movement patterns (Milanović, 2013), 
and into aerobic sports according to the criterion of dominant energy processes. The most 
important motor skills are: coordination, explosive strength, flexibility, balance and speed. 
As many as 1327 technical elements appear in the Manuals of both Women’s and Men’s 
Gymnastics. The prescribed techniques of 527 elements can be found in the Manual of 
Women’s Gymnastics (Vault 80; Uneven Bars 155; Beam 189, Floor 103), and we can find 
as many as 800 prescribed techniques of gymnastic elements in the Manual of Men’s 
Gymnastics (Floor 137; Pommel Horse 118; Still Rings 144; Vault 104; Parallel Bars 155; 
Horizontal Bar 142) (Živčić Marković & Krističević, 2016).
Experience of coaching at the Novi Zagreb Gymnastics Club enables us to observe 
distinctive features in gymnasts’ dynamic posture and stability-mobility relationship. 
Stability and mobility (dynamic stability) can be evaluated by various tests, and nowadays 
the assessment tool often used is Functional Movement Screen (FMS). The FMS consists of 
seven tests, with the maximal composite score of 21 (3 in each subtest). In order to achieve 
the best score (3), a participant must perform on the test efficiently without any mistakes. 
Preforming the movement pattern with minimal deviations and compensations is evaluated 
with a score of two, and movement with greater deviations or loss of balance is scored one 
(Stobierski et al., 2015). It is also evaluated whether the body shows dorsoventral and 
bilateral asymmetry (Cook et al., 2010; 2014a; 2014b). FMS performance, especially when 
conducted on populations of athletes, is analysed by various researchers via different 
methods. In their systematic review, Moran et al. (2016) distinguished two ways of 
evaluating FMS performance: live ratings and video ratings. Since video ratings are also 
based on observational assessment principles, there is a need for truly objective 
assessment. The aim of the research is to objectify results of the observational screening 
FMS test, using the method of Kinovea software video-analysis. According to the authors’ 
reference to the existing literature, FMS study has not yet been attempted on gymnasts 
neither has a scientific report, showing a precise FMS analysis using Kinovea video-analysis 
software, been published. 

Methods
The sample comprised 10 adolescent competitive gymnasts (6 males, aged 11.3 ±0.39 
years, BH 136 ±1.38 cm, BW 32.3 ±0.36 kg, and 4 females, aged 11.84 ±0.66 years, BH 
141.75 ±5.81 cm, BW 35.78 ±2.47 kg). The Functional Movement Screen (FMS) system 
was used for injury risk assessment. There are numerous studies that has proven its 
reliability (Bonazza et al., 2017; Minick et al., 2010; Moran et al., 2016; Schneiders et al., 
2011; Teyhen et al., 2012;). Movement models tested in the FMS put the athlete in a 
position in which the limits of functional movement can be identified, e.g. asymmetry, 
which is a potential predictor of injury. The FMS consists of seven tests: deep squat, hurdle 
step, in-line lunge, shoulder mobility, active straight leg raise, trunk stability push-up, and 
rotary stability tests (Cook et al., 2010). Five out of 7 tests are bilateral. The protocol of the 
tests and evaluation of FMS scores is described in detail in literature (Cook et al., 2010; 

For the purpose of FMS scoring, we used the exact original criteria as set by Cook et al., 
2010. However, in order to utilise benefits provided by Kinovea software, we adapted and 
slightly modified the set of kinematic criteria developed by Whiteside et al., 2016. The 
modifications are as follows: Whiteside kinematic criteria equivalents were simplified, L5S1 
movement was not measured because of different measuring techniques and in FMS 5 
tested thigh length was used rather than the length of the adjacent side. The FMS 4: 
Shoulder Mobility is the only FMS subtest that was not scored using Kinovea software, 
since that test employs very objective measurements for scoring and there is no need for 

2014a; 2014b; Teyhen et al., 2012). The movement performance was recorded by two 
digital video cameras (Canon EOS 550D model) located in the sagittal and frontal planes. 
FMS scores were measured using Kinovea software. Kinovea is a simple but popular tool 
used for basic kinematic analysis (Kinovea, 2013). It is easy to measure joint angles using 
Kinovea; by using any single known length, Kinovea is able to calculate distance and its 
derivatives, speed and acceleration. Table 1 lists FMS scoring criteria and its kinematic 
equivalents.

FMS 1: Deep Squat

Upper torso is parallel toward vertical Trunk lateral shift < 10°

Upper torso is parallel with tibia Trunk sagittal shift < 20°

Knees are aligned over feet Calf lateral shift < 15°

Dowel aligned over feet AP shift from line passing through ankle joint < 15 cm

FMS 2: Hurdle Step

Hips, knees, and ankles remain aligned

in the sagittal plane

LL shift of calf < 15°

Dowel and hurdle remain parallel Shift from hurdle parallel < 7,5°

FMS 3: In-line lunge

Dowel remains vertical + No torso movement AP or LL shift < 7,5°

Knee touches board behind heel of front foot Vertical or AP knee displacement < 5 cm

FMS 5: Active Straight Leg Raise

Beyond the middle of the thigh (score 3) Distance from line through lat. malleol is > half of thigh 

length

Between the middle of the thigh and knee
(score 2)

Distance from line through lat. malleol is < half of thigh 

length

Not beyond the knee (score 1) Distance from line through lat. malleol is < thigh length

FMS 6: Trunk Stability Push-up

Body lifts as a unit with no lag in the spine No deviations from line connecting sacrum, thoracic 

kyphosis and occipitum

FMS 7: Rotary Stability

Performs a correct unilateral repetition Hyperextension in hip joint

Distance from elbow to knee joint < 10 cm

kinematic equivalents. The FMS has been applied and rated exactly how Whiteside et al. 
(2016) have suggested. All participants performed each task three times, and the best 
attempt was extracted for further analysis. The results have been analysed by descriptive 
methods.

Results
Ten young gymnasts were measured, six males and four females. The basic anthropometric 
characteristics of the participants are presented in Table 2.
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The Programme of Promoting Organized Sports Recreation is carried out by “Sport for All” 
Zagreb Association of Sports Recreation. The Association brings together 15 sports 
recreation sociates (non-profit organizations) from the City of Zagreb, carries out around 
200 “Sport for All” programmes in 50 locations throughout the city for 10 to 12 thousand 
users. “Sport for All” programmes include the Regular Physical Exercise Programme in City 
districts in approximately 30 locations of local self-government units, with more than 70 
groups of people exercising, including the young, the elderly and people with special needs, 
the Recreational Swimming Programme in City Swimming Pools offering aquaerobics, 
improvement of swimming techniques and competitions in the Recreational Swimming 
League, as well as the Nordic Walking Programme – Moving towards Health. Sports 
recreation competitions (Games for All) are carried out on a territorial basis, in city districts 
and through the activity of sports recreation associations. The events and happenings are 
programme-oriented to those of importance for the city, such as City Summer Programmes 
or City District Days, Jarun Seniors’ Meetings or Maksimir Autumn, but also national and 
international events such as World Walking Day, World Sport Day or International 
Movement Week, as well as the organization of trips, meetings or sports recreation festivals 
(Programme of Public Needs in Sports of the City of Zagreb for 2018).
According to membership information of “Sport for All” Zagreb Association of Sports 
Recreation, there are 30,000 registered citizens actively participating in recreation. 
However, a much larger number of citizens takes part in sports recreational activities, but 
they pay for their sports recreation themselves. The Association membership provides 
certain benefits and cheaper programmes for the user, some of which are available 
completely free of charge (physical exercise in local districts).
Out of 300 sports recreation associations registered in the Register of Sport Activities of 
the City of Zagreb, only 15 are members of the “Sport for All” Zagreb Association of Sports 
Recreation.

Discussion
The share of funds allocated for sports recreation in the total funds for sport development 
in the City of Zagreb amounted from 0.81% to 1.31% or 0.98% on average in the period of 
ten years. The level of funds allocated for Sports Recreation Programme in the Programme 
of Sports of the City of Zagreb in the indicated period ranged from 0.4% to 0.6%, i.e. 0.5% 
on average. The share of funds allocated for sports recreation in total funds for City Budget 
of the City of Zagreb amounted on average 0.05% in the period of ten years. Nominally, 

Table 2. Basic parameters

Table 3. Average FMS values per test measured with the help of Kinovea software

Table 4: FMS scores

there has been a constant decrease in funds allocated for sports recreation programmes in 
the last ten years, with minor deviations. 
While average investment in sports recreation from public needs in sport has amounted to 
0.34% at the state level in the period of ten years, the City of Zagreb has committed funds 
from public needs in sport amounting to 1.09% of public funds on average in the period of 
ten years, i.e. 0.98% of total sports funds for the overall sports recreation programmes.
According to the annual Activity Report of the Croatian Health Insurance Fund for the year 
2016, the largest part of total benefits paid in 2016 accounted for sickness and disability 
benefits amounting to HRK 1,091,915,847.00, which is an increase of 9.79% or HRK 
97,389,712.00 compared to benefits paid for temporary incapacity for work in the previous 
year (HRK 994,526,135.00) and they account for 4.74% of total expenditures, i.e. 46.09% 
of total benefits. Due to temporary incapacity for work, 45,832 employees on average are 
absent from work on a daily basis, which accounts for 3,06% of the total number of active 
insured persons, i.e. 1,442 persons more than in 2015 (44 390 workers) (Activity Report of 
the Croatian Health Insurance Fund, 2016).
Although the data on benefits refer to the Republic of Croatia in its entirety, and not only to 
the City of Zagreb, the alarming fact is that the amount of HRK 1,091,915,847.00 was 
allocated for sickness and disability benefits in 2016, out of which the amount of HRK 
685,108,887.00 or 62% accounted for sick leave benefits. According to the Statistical 
Yearbook of the City of Zagreb for 2017, the number of days of absence from work in the 
City of Zagreb in 2016 amounted to 6,054,000 (sick leave accounting for 66%) or 13.7 per 
active participant. On the other hand, in 2016 and 2017 the City of Zagreb alone allocated 
HRK 1,503,400.00 annually for sports recreation programmes, i.e. the total of HRK 
2.955.700.00 – 3,223,700.00 annually, including sports facilities.
According to the report of the World Health Organization for 2012 and statistical data per 
countries, mortality rate according to illness types in Croatia is very serious, but is declining. 
For example, 23.5% of causes of death accounts for heart diseases and 14.1% for stroke. 
The largest share of all diseases causing death accounts for cardiovascular diseases and 
diabetes, as well as for cancer (the data on Zagreb in the same year show that the number 
of deaths caused by similar illness types amounts to 6528 out of the total of 8329 deaths). 
Other indicators of the World Health Organization demonstrate the prevalence of 
overweight adults (aged 18 and over) for the year 2016, accounting for 59.6% of the total 
population of Croatia. Physical inactivity has been identified as the fourth leading risk factor 
for global mortality (6% of deaths). The WHO Report shows that globally, 23% of adult 
citizens aged 18 and over is insufficiently physically active, and the common conclusion of 
the WHO member states is that by 2025 the number should be reduced by 10% (2010). At 
the same time, the data on the Republic of Croatia showed that 80.2% of adult Croatian 
population (aged 18 and over) is physically active, meaning that there are less than 20% 
physically inactive citizens, which is the global average. When it comes to adolescents (aged 
11-15), the situation is alarming since there are 25.6% active adolescents, and the situation 
is no better at a global level either.
According to the research carried out by Ipsos Agency in June 2017 for the Central State 
Office for Sports, 38% of Croatian citizens take part in sports recreation (cycling, dancing, 
etc.) or other types of physical activity. The youngest age group (aged 15-20) takes part in 
physical activity much more frequently, with 72% of them being physically active at least 
once a week. Population aged 60 and over is least physically active and 80% of them never 
engages in physical activity. Croatian people prefer doing the abovementioned physical 
activities in open spaces, parks and nature (46%), 30% of citizens opt for a sport/fitness 
club or centre, while 27% of Croatians exercise at home. Health is the main motive of 61% 
of citizens participating in sports, recreation or other types of physical activity. Apart from 
health reasons, Croatian people mostly do physical activity in order to improve their fitness 
(38%), relax (37%), spend time with friends (29%), have fun (27%), improve their physical 

appearance (25%), control their weight (18%) and improve their athletic performance (13%). 
For the majority of the population (61%) the type of sports and physical activities they do 
does not require any expenses since they prefer outdoor activities. 57% of population of 
the City of Zagreb and its surroundings participate in some type of physical activity.

Conclusion
Although it has been scientifically proven that recreation has a positive impact on health, 
hence on the quality of life and work efficiency of citizens, and that regular exercise 
prevents long-term sick leave, mental symptoms and poor general health condition among 
working population and that it acts as a cure for major public health problems, physical 
activity is largely connected to the private, individual sphere. The City of Zagreb commits 
significant funds from its budget for the promotion of sports recreation through sports 
recreation associations given the small number of associations to which these funds are 
allocated. The comprehensive representation of overall citizen participation in sports 
recreation is difficult since it is carried out on several levels and through several subjects, 
mostly through payment itself. The latest research from 2017 show that 57% of citizens of 
the City of Zagreb takes part in some type of physical activity, (European average of 
between 13 and 72 per cent of active participation), but no systematic research on the 
actual number of citizens engaged in sports recreation activities. Zagreb position is better 
than in the Republic of Croatia, and on average at global level. However, a growing trend of 
citizens’ self-engagement in activities such as recreational walking, marathons and various 
sports recreation events can be noticed. Every country, as well as local community, should 
pay close attention to sports recreation as a proven instrument of providing general health 
benefits to its citizens, and numerical indicators presented provide a strong basis. Greater 
involvement of sport and health systems in a joint research on this topic is needed for the 
purpose of common interests of improving public health and better use of public money.
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ABSTRACT
PURPOSE. This study evaluates main physical features inherent in flying and basing 
positions in cheerleading girls. METHODS. Eighteen female members of a cheerleading 
squad, aged 15-18 years, underwent anthropometric measurements and tests of static 
balance (Romberg test, «Target» test), muscle power (squat jump, countermovement jump), 
and isokinetic strength of knee flexors and extensors. RESULTS. Results showed that 
cheerleading girls performing basing positions, in comparison with those of flying positions, 
had a significantly higher body fat (16.9 kg vs. 11.1 kg, p<.01), a higher content of 
musco-skeletal components of body weight (23 kg vs. 19.1 kg, p<.001), were taller (166 cm 
vs. 158 cm, p<.05), have higher body mass index (22.5 kg/m2 vs. 19.3 kg/m2, p<.01) and 
higher body mass (63 kg vs. 48 kg, p<.05). In addition, mean value of peak knee extension 
torque was significantly higher for cheerleading girls of basing than flying positions for the 
right leg (97.7 Nm and 74 Nm, respectively, p<.05) as well as for the left leg (99.2 Nm and 
76.3 Nm, respectively, p<.05). Mean value of peak knee flexion torque was significantly 
higher for cheerleading girls of basing than the flying positions for the right leg (73.9 Nm 
and 57 Nm, respectively, p<.05). However, there were no significant between-group 
differences in the variables of static balance and vertical jumps. CONCLUSION. 
Cheerleading girls performing basing positions are taller, heavier, and have a higher BMI 
than those of flying positions. They also achieve higher isokinetic strength of knee 

extensors and flexors. Such measurements of body composition and physical fitness can 
provide useful information on their development during training.

Key words: adolescents, basing, flying, body composition, isokinetic strength, static 
balance, vertical jump

Introduction
Cheerleading is a type of competitive sports that includes components of acrobatics, dance, 
jumps, cheers, and stunting. It originates from the motivational teams for American 
football’s intercollegiate game, whose purpose was to support players and entertain the 
audience (Universal Cheerleading Association, 2002). Nowadays it is a separate kind of 
sport implying complicated athletic performances. Organized cheerleading started as an 
all-male activity. Initially, participants of the squad yelled cheers, then tumble and 
acrobatics were added to their routines. Women were actively joining teams in the times of 
World War II since a lot of college-aged men went off to war (Universal Cheerleading 
Association, 2002). A contemporary discipline cheer is considered as a female kind of sport. 
It includes three main positions: flying, basing and spotting. Every position requires a special 
degree of flexibility and such physical features as athlete’s strength and weight. An irregular 
trend could be observed in athlete’s physical fitness status between the positions (Thomas, 
Seegmiller, Cook, & Young, 2004). Although it is considered to expect special 
anthropometric parameters for every position, very little is known about their physiological 
profile. Moreover, there a lot of cases of injuries that could be connected with physical 
requires for every position. Catastrophic injuries have increased over the years, presumably 
because of an increase in the gymnastic-like stunts currently common in cheerleading and 
inapplicable fitness level (Thomas, et al., 2004). In addition, a lifetime of adolescence or 
young adulthood may predispose to eating disorders such as anorexia nervosa and bulimia 
nervosa (Deering, 2001). Important to note, between high-school cheerleaders there is an 
above-average number of eating disorders (Macleod, 1998). Although athletes may not 
suffer life-threatening medical complications, it can lead to significant weight loss or weight 
gain vastly changing body composition (Thompson & Digsby, 2004). Therefore, the purpose 
of current study was to evaluate the main physical features inherent to flying and basing 
positions and compare the obtained data between different age groups of youth.

Methods
Subjects. Eighteen female members of cheerleading squad were investigated. Subjects 
ranged in age from 15 to 18 years. Experimental procedures were conducted by highly 
qualified athletes in the preseason cycle of training. Subjects did not have any injuries to 
musculoskeletal system or any contraindications to the testing. Participants read and signed 
an informed agreement of MCAST.  
Measurements. Anthropometric assessment, which included the determination of height 
and body weight, body composition (bioimpedance analyses, “ABC-01 Medass”). 
Stabilometry was performed using equipment "Stabilan-01" (the “European” way of feet 
position). Romberg test was performed with open and closed eyes, 1 min for each test. Test 
“Target” was conducted with biofeedback in a stance 20 s long. Vertical jump tests 
consisted of two types of jumps: squat jump (SJ) and countermovement jump (CMJ). Jump 
test procedure was performed on the AMTI force plate. The height of the jump was 
calculated from the ground reaction forces sampled at a rate of 1000 Hz. The evaluation of 
the speed-power capabilities of flexors and extensors of the knee joint of both legs was 
performed on an isokinetic dynamometer “Humac Norm” (USA, CSMI) in the isokinetic 
mode at the angular velocity of 180 degrees/s. Three to five maximum attempts were 
executed with rest intervals of at least 20 seconds. 
Statistical analyses included checking the data for normal distribution by the Shapiro-Wilk’s 

test, the Box-Cox transformation for the failed test, and the one-way ANOVA analysis. The 
statistical analysis was made with the help of libraries and Python: scipy 0.19, statsmodels 
0.8.

Results
According to the results (Table 1) of bioimpedansometry, the representatives of the basing 
position had a significantly higher content of fat (%, kg) and, correspondingly, a higher 
content of skeletal muscle (kg) components of body weight. At the same time, the basing 
position was higher in comparison with the flying position and had a higher weight-growth 
index.

For the purpose of FMS scoring, we used the exact original criteria as set by Cook et al., 
2010. However, in order to utilise benefits provided by Kinovea software, we adapted and 
slightly modified the set of kinematic criteria developed by Whiteside et al., 2016. The 
modifications are as follows: Whiteside kinematic criteria equivalents were simplified, L5S1 
movement was not measured because of different measuring techniques and in FMS 5 
tested thigh length was used rather than the length of the adjacent side. The FMS 4: 
Shoulder Mobility is the only FMS subtest that was not scored using Kinovea software, 
since that test employs very objective measurements for scoring and there is no need for 

kinematic equivalents. The FMS has been applied and rated exactly how Whiteside et al. 
(2016) have suggested. All participants performed each task three times, and the best 
attempt was extracted for further analysis. The results have been analysed by descriptive 
methods.

Results
Ten young gymnasts were measured, six males and four females. The basic anthropometric 
characteristics of the participants are presented in Table 2.

The lowest average scores were measured in shoulder mobility (1.12), deep squat (1.15) and 
rotary stability (1.87), while the highest scores were reported for active straight leg raise 
(2.87), hurdle step (2.41) and in-line lunge (2.41). Distributions by gender are presented in 
Table 3.

Discussion
The mean score of the FMS test for the overall sample is 14.12. The score for the group of 
boys is 14.5 and 13.75 for girls. According to the measured scores, we can conclude that our 
participants are not at risk of injury. The average normative values for the FMS in preteen 
and teen populations (10 to 17 years) are shown in a study by Abraham et al. (2015). The 
study presented 14.59 as a normative value, which is slightly lower than the one applied by 
Schneiders et al. (2011) for active young people. Schneiders’ score ranged from 14.4 to 
15.7. Another study reported an average score of 16.9 for professional football players 
(Kiesel, Butler, & Plisky 2014). Bardenett et al. (2015) also proposed normative values for 
high-school athletes (age 13-18) of 13.0 for both males and females. Krumrei et al. (2014) 
investigated accuracy of the FMS to identify individuals with an elevated risk of 
musculoskeletal injury, questioning the universality of the limit value of ≤14, concluding 
that the responsiveness and predictive accuracy of the FMS may be enhanced by using an 
alternative cut-off score. The aforementioned authors suggest that further studies of the 

Combined FMS scores are shown in Table 4, with the total mean score for the overall 
sample being higher than 14 (14.12).

 FMS 1 FMS 2 FMS 3 FMS 4 FMS 5 FMS 6 FMS 7

Males 1.3 2.33 2.33 1 3 2.5 2

Females 1 2.5 2.5 1.25 2.75 2 1.75

Age Height (cm) Weight (kg) BMI

µ µ µ µ

Males 11.3 0.39 136 1.38 32.3 0.36 17.47 0.45

Females 11.84 0.66 141.75 5.81 35.78 2.47 17.81 0.77

 µ Min Max

Males 14.5 1.05 13 16

Females 13.75 0.5 13 14

FMS are needed with other physically active populations, which is one of the goals of our 
research. Only one scientific report (the recent paper by Saki, 2017) has been published 
using the Kinovea video-analysis software for the FMS assessment, but it was used only for 
observational video analysis, whereas our research used a more precise evaluation 
methodology. Saki used Kinovea video-analysis software for the Functional Movement 
Screen in elite basketball players. The research procedure was to have subjects perform 
each task two times; along with that the raters could observe the video records of the 
participants’ FMS test without any restrictions. The author claims video analysis is limited 
and may affect the raters’ scoring. In our research, all participants performed each task 
three times, and the best attempt was further analysed. Many authors (Beach, Frost, & 
Callaghan, 2014; Minick et al., 2010; Stobierski et al., 2015) suggest performing 
post-assessment via video observation, emphasizing that composite FMS scores are 
reliable when graded by experienced observers on the basis of video recordings. Since the 
Kinovea method is objective in its nature, an examiner’s experience should not be a 
significant factor. Moran et al. (2016) examined the reliability of FMS scores, concluding 
that ratings made from live observation were superior to those made from viewing of video 
recordings. In order to utilize the benefits of video analysis for FMS scoring, we suggest that 
Kinovea generated scoring should be preferred over that made from an observational 
analysis of a recorded video.

Conclusion
Through the examination of gymnasts’ posture, we noticed a specific postural adaptation 
developed by day-to-day exercise with optimal mobility of lower limbs, which is significantly 
reduced in upper extremities. Sport-specifically, participants attained very good scores in 
the FMS hurdle step and in-line lunge tests, which are biomechanically similar to gymnastics 
tasks. Gymnasts do not belong to a group with increased risk of injury, since they have 
achieved a score higher than 13, which represents the cut-off score for high-school 
athletes. When using video analysis for FMS scoring, we recommend the Kinovea software 
approach instead of the insufficient objective observation of video recordings.
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ABSTRACT
BACKGROUND: Karate, currently one of the most practised individual martial arts and 
non-Olympic sport, will be included in the Olympic Games for the first time in 2020. As 
sport, karate comes in two forms, kumite (combat sport) and kata (martial art) (Vujkov et al., 
2015; Kotrljanovic et al., 2016; Koropanovski et al., 2017). Development of modern karate 
is associateded with the increased involvement of science, which significantly influences 
the process of athlete preparation. Development of motor skills is the core of karate 
training, as they constitute the basis upon which combat techniques are formed 
(Truszczyńska et al., 2015). Although injuries in martial arts are frequent, it is incumbent on 
the scientific community to propose ways to decrease their incidence (Arriaza et al., 2016). 
Therefore, in order to evaluate injury risk, as well as to develop a knee injury rehabilitation 
program, an isokinetic dynamometer for evaluating knee strength has been used (Crosier, 
2002; Impellizzeri et al., 2008). The so-called bilateral deficit occurs during bilateral 
movements where the withstood load is less than that observed in the summed-up 
unilateral motions (sum of both sides) (Daneshjoo et al., 2013). Asymmetry between the 
dominant and non-dominant limbs is in direct correlation with increased risk of injury 
(Knapik et al., 1991). The type and rates of martial arts injuries are often dependent on the 
techniques, rules, and protective equipment. However, the hypothetical effects of different 
requirements on muscle imbalances and the risk of injuries are unknown. Using various 
isokinetic tests, several authors have observed lower limb bilateral and unilateral 
asymmetries in athletes practicing different martial arts (Drid et al., 2009a; Drid et al., 2011; 
Rađo et al., 2011; Golik-Perić et al., 2011). Data obtained by isokinetic testing could be of 
great importance for every athlete and coach, because they enable precise training plans. 
Furthermore, isokinetic testing is of great importance for female karate athletes since they 
are typically endomorph somatotypes, with the total percentage of fat along with 
subcutaneous adipose tissue negatively affecting strength (Kapo et al., 2015). The 
imbalance of strength between hamstrings and quadriceps is an important predictor of the 

risk of injuring the hamstrings (Crosier et al., 2002) and anterior cruciate ligaments (More et al., 
1993). Unilateral, and bilateral, imbalance in muscle strength of lower limbs may cause specific 
types of injury, including hamstring sprain or tear (Carvalho et al., 2016). Muscle asymmetry 
(Scattone-Silva et al., 2012) of lower limbs (due to the specific techniques), and the possibilities 
of injuring the ankle joint, hip joint, or knee, have been specifically investigated (Probst et al., 
2007). Scattone-Silva et al (2012) have concluded, based on the estimation of muscular 
efficiency of the dominant and non-dominant limbs, that imbalance between agonist and 
antagonist muscles (the knee and elbow joints) was less than 10%. Therefore, they concluded 
that daily practice of karate does not lead to bilateral asymmetry of either the lower or upper 
limbs, which is associated with the risk of injury. OBJECTIVE: This study aims to investigate and 
compare muscle imbalances in female karate athletes of different age groups. METHODS: The 
study sample consisted of three groups: 10 cadet, 10 junior, and 10 senior female karate 
athletes. The following isokinetic parameters were gathered: ratio of right/left leg extensor 
force, ratio of right/left leg flexor force, ratio of right leg quadriceps/hamstrings, ratio of left leg 
quadriceps/hamstrings, ratio of right/left shoulder internal rotation, ratio of right/left shoulder 
external rotation, ratio of internal/external rotation in the right shoulder, and ratio of 
internal/external rotation in the left shoulder. RESULTS: The ratio of extensor and flexor 
muscles of the left and right leg in female karate athletes of different ages did not show 
statistically significant differences between the groups. The hamstring/quadriceps ratio of the
left leg in female karate athletes of different ages showed statistically significant differences and 
high effect size (22%). The ratio of internal and external rotation of the right/left shoulder in 
female karate athletes of different ages did not show statistically significant differences between 
the groups (p > 0.05). Finally, the quadriceps/hamstring ratio of the left leg was significantly 
higher in senior than in junior athletes. CONCLUSIONS: One possible cause of asymmetry is 
that the junior athletes favoured use of one foot unilaterally for kicking. The results indicate that 
this group of karate athletes may have demonstrated sport-specific adaptations in
certain strength measurements, but they showed no increased risk for knee injury.

Key words: martial arts, knee, shoulder, muscle imbalances
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The Programme of Promoting Organized Sports Recreation is carried out by “Sport for All” 
Zagreb Association of Sports Recreation. The Association brings together 15 sports 
recreation sociates (non-profit organizations) from the City of Zagreb, carries out around 
200 “Sport for All” programmes in 50 locations throughout the city for 10 to 12 thousand 
users. “Sport for All” programmes include the Regular Physical Exercise Programme in City 
districts in approximately 30 locations of local self-government units, with more than 70 
groups of people exercising, including the young, the elderly and people with special needs, 
the Recreational Swimming Programme in City Swimming Pools offering aquaerobics, 
improvement of swimming techniques and competitions in the Recreational Swimming 
League, as well as the Nordic Walking Programme – Moving towards Health. Sports 
recreation competitions (Games for All) are carried out on a territorial basis, in city districts 
and through the activity of sports recreation associations. The events and happenings are 
programme-oriented to those of importance for the city, such as City Summer Programmes 
or City District Days, Jarun Seniors’ Meetings or Maksimir Autumn, but also national and 
international events such as World Walking Day, World Sport Day or International 
Movement Week, as well as the organization of trips, meetings or sports recreation festivals 
(Programme of Public Needs in Sports of the City of Zagreb for 2018).
According to membership information of “Sport for All” Zagreb Association of Sports 
Recreation, there are 30,000 registered citizens actively participating in recreation. 
However, a much larger number of citizens takes part in sports recreational activities, but 
they pay for their sports recreation themselves. The Association membership provides 
certain benefits and cheaper programmes for the user, some of which are available 
completely free of charge (physical exercise in local districts).
Out of 300 sports recreation associations registered in the Register of Sport Activities of 
the City of Zagreb, only 15 are members of the “Sport for All” Zagreb Association of Sports 
Recreation.

Discussion
The share of funds allocated for sports recreation in the total funds for sport development 
in the City of Zagreb amounted from 0.81% to 1.31% or 0.98% on average in the period of 
ten years. The level of funds allocated for Sports Recreation Programme in the Programme 
of Sports of the City of Zagreb in the indicated period ranged from 0.4% to 0.6%, i.e. 0.5% 
on average. The share of funds allocated for sports recreation in total funds for City Budget 
of the City of Zagreb amounted on average 0.05% in the period of ten years. Nominally, 

there has been a constant decrease in funds allocated for sports recreation programmes in 
the last ten years, with minor deviations. 
While average investment in sports recreation from public needs in sport has amounted to 
0.34% at the state level in the period of ten years, the City of Zagreb has committed funds 
from public needs in sport amounting to 1.09% of public funds on average in the period of 
ten years, i.e. 0.98% of total sports funds for the overall sports recreation programmes.
According to the annual Activity Report of the Croatian Health Insurance Fund for the year 
2016, the largest part of total benefits paid in 2016 accounted for sickness and disability 
benefits amounting to HRK 1,091,915,847.00, which is an increase of 9.79% or HRK 
97,389,712.00 compared to benefits paid for temporary incapacity for work in the previous 
year (HRK 994,526,135.00) and they account for 4.74% of total expenditures, i.e. 46.09% 
of total benefits. Due to temporary incapacity for work, 45,832 employees on average are 
absent from work on a daily basis, which accounts for 3,06% of the total number of active 
insured persons, i.e. 1,442 persons more than in 2015 (44 390 workers) (Activity Report of 
the Croatian Health Insurance Fund, 2016).
Although the data on benefits refer to the Republic of Croatia in its entirety, and not only to 
the City of Zagreb, the alarming fact is that the amount of HRK 1,091,915,847.00 was 
allocated for sickness and disability benefits in 2016, out of which the amount of HRK 
685,108,887.00 or 62% accounted for sick leave benefits. According to the Statistical 
Yearbook of the City of Zagreb for 2017, the number of days of absence from work in the 
City of Zagreb in 2016 amounted to 6,054,000 (sick leave accounting for 66%) or 13.7 per 
active participant. On the other hand, in 2016 and 2017 the City of Zagreb alone allocated 
HRK 1,503,400.00 annually for sports recreation programmes, i.e. the total of HRK 
2.955.700.00 – 3,223,700.00 annually, including sports facilities.
According to the report of the World Health Organization for 2012 and statistical data per 
countries, mortality rate according to illness types in Croatia is very serious, but is declining. 
For example, 23.5% of causes of death accounts for heart diseases and 14.1% for stroke. 
The largest share of all diseases causing death accounts for cardiovascular diseases and 
diabetes, as well as for cancer (the data on Zagreb in the same year show that the number 
of deaths caused by similar illness types amounts to 6528 out of the total of 8329 deaths). 
Other indicators of the World Health Organization demonstrate the prevalence of 
overweight adults (aged 18 and over) for the year 2016, accounting for 59.6% of the total 
population of Croatia. Physical inactivity has been identified as the fourth leading risk factor 
for global mortality (6% of deaths). The WHO Report shows that globally, 23% of adult 
citizens aged 18 and over is insufficiently physically active, and the common conclusion of 
the WHO member states is that by 2025 the number should be reduced by 10% (2010). At 
the same time, the data on the Republic of Croatia showed that 80.2% of adult Croatian 
population (aged 18 and over) is physically active, meaning that there are less than 20% 
physically inactive citizens, which is the global average. When it comes to adolescents (aged 
11-15), the situation is alarming since there are 25.6% active adolescents, and the situation 
is no better at a global level either.
According to the research carried out by Ipsos Agency in June 2017 for the Central State 
Office for Sports, 38% of Croatian citizens take part in sports recreation (cycling, dancing, 
etc.) or other types of physical activity. The youngest age group (aged 15-20) takes part in 
physical activity much more frequently, with 72% of them being physically active at least 
once a week. Population aged 60 and over is least physically active and 80% of them never 
engages in physical activity. Croatian people prefer doing the abovementioned physical 
activities in open spaces, parks and nature (46%), 30% of citizens opt for a sport/fitness 
club or centre, while 27% of Croatians exercise at home. Health is the main motive of 61% 
of citizens participating in sports, recreation or other types of physical activity. Apart from 
health reasons, Croatian people mostly do physical activity in order to improve their fitness 
(38%), relax (37%), spend time with friends (29%), have fun (27%), improve their physical 

appearance (25%), control their weight (18%) and improve their athletic performance (13%). 
For the majority of the population (61%) the type of sports and physical activities they do 
does not require any expenses since they prefer outdoor activities. 57% of population of 
the City of Zagreb and its surroundings participate in some type of physical activity.

Conclusion
Although it has been scientifically proven that recreation has a positive impact on health, 
hence on the quality of life and work efficiency of citizens, and that regular exercise 
prevents long-term sick leave, mental symptoms and poor general health condition among 
working population and that it acts as a cure for major public health problems, physical 
activity is largely connected to the private, individual sphere. The City of Zagreb commits 
significant funds from its budget for the promotion of sports recreation through sports 
recreation associations given the small number of associations to which these funds are 
allocated. The comprehensive representation of overall citizen participation in sports 
recreation is difficult since it is carried out on several levels and through several subjects, 
mostly through payment itself. The latest research from 2017 show that 57% of citizens of 
the City of Zagreb takes part in some type of physical activity, (European average of 
between 13 and 72 per cent of active participation), but no systematic research on the 
actual number of citizens engaged in sports recreation activities. Zagreb position is better 
than in the Republic of Croatia, and on average at global level. However, a growing trend of 
citizens’ self-engagement in activities such as recreational walking, marathons and various 
sports recreation events can be noticed. Every country, as well as local community, should 
pay close attention to sports recreation as a proven instrument of providing general health 
benefits to its citizens, and numerical indicators presented provide a strong basis. Greater 
involvement of sport and health systems in a joint research on this topic is needed for the 
purpose of common interests of improving public health and better use of public money.
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ABSTRACT
PURPOSE. This study evaluates main physical features inherent in flying and basing 
positions in cheerleading girls. METHODS. Eighteen female members of a cheerleading 
squad, aged 15-18 years, underwent anthropometric measurements and tests of static 
balance (Romberg test, «Target» test), muscle power (squat jump, countermovement jump), 
and isokinetic strength of knee flexors and extensors. RESULTS. Results showed that 
cheerleading girls performing basing positions, in comparison with those of flying positions, 
had a significantly higher body fat (16.9 kg vs. 11.1 kg, p<.01), a higher content of 
musco-skeletal components of body weight (23 kg vs. 19.1 kg, p<.001), were taller (166 cm 
vs. 158 cm, p<.05), have higher body mass index (22.5 kg/m2 vs. 19.3 kg/m2, p<.01) and 
higher body mass (63 kg vs. 48 kg, p<.05). In addition, mean value of peak knee extension 
torque was significantly higher for cheerleading girls of basing than flying positions for the 
right leg (97.7 Nm and 74 Nm, respectively, p<.05) as well as for the left leg (99.2 Nm and 
76.3 Nm, respectively, p<.05). Mean value of peak knee flexion torque was significantly 
higher for cheerleading girls of basing than the flying positions for the right leg (73.9 Nm 
and 57 Nm, respectively, p<.05). However, there were no significant between-group 
differences in the variables of static balance and vertical jumps. CONCLUSION. 
Cheerleading girls performing basing positions are taller, heavier, and have a higher BMI 
than those of flying positions. They also achieve higher isokinetic strength of knee 

extensors and flexors. Such measurements of body composition and physical fitness can 
provide useful information on their development during training.

Key words: adolescents, basing, flying, body composition, isokinetic strength, static 
balance, vertical jump

Introduction
Cheerleading is a type of competitive sports that includes components of acrobatics, dance, 
jumps, cheers, and stunting. It originates from the motivational teams for American 
football’s intercollegiate game, whose purpose was to support players and entertain the 
audience (Universal Cheerleading Association, 2002). Nowadays it is a separate kind of 
sport implying complicated athletic performances. Organized cheerleading started as an 
all-male activity. Initially, participants of the squad yelled cheers, then tumble and 
acrobatics were added to their routines. Women were actively joining teams in the times of 
World War II since a lot of college-aged men went off to war (Universal Cheerleading 
Association, 2002). A contemporary discipline cheer is considered as a female kind of sport. 
It includes three main positions: flying, basing and spotting. Every position requires a special 
degree of flexibility and such physical features as athlete’s strength and weight. An irregular 
trend could be observed in athlete’s physical fitness status between the positions (Thomas, 
Seegmiller, Cook, & Young, 2004). Although it is considered to expect special 
anthropometric parameters for every position, very little is known about their physiological 
profile. Moreover, there a lot of cases of injuries that could be connected with physical 
requires for every position. Catastrophic injuries have increased over the years, presumably 
because of an increase in the gymnastic-like stunts currently common in cheerleading and 
inapplicable fitness level (Thomas, et al., 2004). In addition, a lifetime of adolescence or 
young adulthood may predispose to eating disorders such as anorexia nervosa and bulimia 
nervosa (Deering, 2001). Important to note, between high-school cheerleaders there is an 
above-average number of eating disorders (Macleod, 1998). Although athletes may not 
suffer life-threatening medical complications, it can lead to significant weight loss or weight 
gain vastly changing body composition (Thompson & Digsby, 2004). Therefore, the purpose 
of current study was to evaluate the main physical features inherent to flying and basing 
positions and compare the obtained data between different age groups of youth.

Methods
Subjects. Eighteen female members of cheerleading squad were investigated. Subjects 
ranged in age from 15 to 18 years. Experimental procedures were conducted by highly 
qualified athletes in the preseason cycle of training. Subjects did not have any injuries to 
musculoskeletal system or any contraindications to the testing. Participants read and signed 
an informed agreement of MCAST.  
Measurements. Anthropometric assessment, which included the determination of height 
and body weight, body composition (bioimpedance analyses, “ABC-01 Medass”). 
Stabilometry was performed using equipment "Stabilan-01" (the “European” way of feet 
position). Romberg test was performed with open and closed eyes, 1 min for each test. Test 
“Target” was conducted with biofeedback in a stance 20 s long. Vertical jump tests 
consisted of two types of jumps: squat jump (SJ) and countermovement jump (CMJ). Jump 
test procedure was performed on the AMTI force plate. The height of the jump was 
calculated from the ground reaction forces sampled at a rate of 1000 Hz. The evaluation of 
the speed-power capabilities of flexors and extensors of the knee joint of both legs was 
performed on an isokinetic dynamometer “Humac Norm” (USA, CSMI) in the isokinetic 
mode at the angular velocity of 180 degrees/s. Three to five maximum attempts were 
executed with rest intervals of at least 20 seconds. 
Statistical analyses included checking the data for normal distribution by the Shapiro-Wilk’s 

test, the Box-Cox transformation for the failed test, and the one-way ANOVA analysis. The 
statistical analysis was made with the help of libraries and Python: scipy 0.19, statsmodels 
0.8.

Results
According to the results (Table 1) of bioimpedansometry, the representatives of the basing 
position had a significantly higher content of fat (%, kg) and, correspondingly, a higher 
content of skeletal muscle (kg) components of body weight. At the same time, the basing 
position was higher in comparison with the flying position and had a higher weight-growth 
index.

For the purpose of FMS scoring, we used the exact original criteria as set by Cook et al., 
2010. However, in order to utilise benefits provided by Kinovea software, we adapted and 
slightly modified the set of kinematic criteria developed by Whiteside et al., 2016. The 
modifications are as follows: Whiteside kinematic criteria equivalents were simplified, L5S1 
movement was not measured because of different measuring techniques and in FMS 5 
tested thigh length was used rather than the length of the adjacent side. The FMS 4: 
Shoulder Mobility is the only FMS subtest that was not scored using Kinovea software, 
since that test employs very objective measurements for scoring and there is no need for 

kinematic equivalents. The FMS has been applied and rated exactly how Whiteside et al. 
(2016) have suggested. All participants performed each task three times, and the best 
attempt was extracted for further analysis. The results have been analysed by descriptive 
methods.

Results
Ten young gymnasts were measured, six males and four females. The basic anthropometric 
characteristics of the participants are presented in Table 2.

Discussion
The mean score of the FMS test for the overall sample is 14.12. The score for the group of 
boys is 14.5 and 13.75 for girls. According to the measured scores, we can conclude that our 
participants are not at risk of injury. The average normative values for the FMS in preteen 
and teen populations (10 to 17 years) are shown in a study by Abraham et al. (2015). The 
study presented 14.59 as a normative value, which is slightly lower than the one applied by 
Schneiders et al. (2011) for active young people. Schneiders’ score ranged from 14.4 to 
15.7. Another study reported an average score of 16.9 for professional football players 
(Kiesel, Butler, & Plisky 2014). Bardenett et al. (2015) also proposed normative values for 
high-school athletes (age 13-18) of 13.0 for both males and females. Krumrei et al. (2014) 
investigated accuracy of the FMS to identify individuals with an elevated risk of 
musculoskeletal injury, questioning the universality of the limit value of ≤14, concluding 
that the responsiveness and predictive accuracy of the FMS may be enhanced by using an 
alternative cut-off score. The aforementioned authors suggest that further studies of the 

FMS are needed with other physically active populations, which is one of the goals of our 
research. Only one scientific report (the recent paper by Saki, 2017) has been published 
using the Kinovea video-analysis software for the FMS assessment, but it was used only for 
observational video analysis, whereas our research used a more precise evaluation 
methodology. Saki used Kinovea video-analysis software for the Functional Movement 
Screen in elite basketball players. The research procedure was to have subjects perform 
each task two times; along with that the raters could observe the video records of the 
participants’ FMS test without any restrictions. The author claims video analysis is limited 
and may affect the raters’ scoring. In our research, all participants performed each task 
three times, and the best attempt was further analysed. Many authors (Beach, Frost, & 
Callaghan, 2014; Minick et al., 2010; Stobierski et al., 2015) suggest performing 
post-assessment via video observation, emphasizing that composite FMS scores are 
reliable when graded by experienced observers on the basis of video recordings. Since the 
Kinovea method is objective in its nature, an examiner’s experience should not be a 
significant factor. Moran et al. (2016) examined the reliability of FMS scores, concluding 
that ratings made from live observation were superior to those made from viewing of video 
recordings. In order to utilize the benefits of video analysis for FMS scoring, we suggest that 
Kinovea generated scoring should be preferred over that made from an observational 
analysis of a recorded video.

Conclusion
Through the examination of gymnasts’ posture, we noticed a specific postural adaptation 
developed by day-to-day exercise with optimal mobility of lower limbs, which is significantly 
reduced in upper extremities. Sport-specifically, participants attained very good scores in 
the FMS hurdle step and in-line lunge tests, which are biomechanically similar to gymnastics 
tasks. Gymnasts do not belong to a group with increased risk of injury, since they have 
achieved a score higher than 13, which represents the cut-off score for high-school 
athletes. When using video analysis for FMS scoring, we recommend the Kinovea software 
approach instead of the insufficient objective observation of video recordings.
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ABSTRACT
BACKGROUND: Karate, currently one of the most practised individual martial arts and 
non-Olympic sport, will be included in the Olympic Games for the first time in 2020. As 
sport, karate comes in two forms, kumite (combat sport) and kata (martial art) (Vujkov et al., 
2015; Kotrljanovic et al., 2016; Koropanovski et al., 2017). Development of modern karate 
is associateded with the increased involvement of science, which significantly influences 
the process of athlete preparation. Development of motor skills is the core of karate 
training, as they constitute the basis upon which combat techniques are formed 
(Truszczyńska et al., 2015). Although injuries in martial arts are frequent, it is incumbent on 
the scientific community to propose ways to decrease their incidence (Arriaza et al., 2016). 
Therefore, in order to evaluate injury risk, as well as to develop a knee injury rehabilitation 
program, an isokinetic dynamometer for evaluating knee strength has been used (Crosier, 
2002; Impellizzeri et al., 2008). The so-called bilateral deficit occurs during bilateral 
movements where the withstood load is less than that observed in the summed-up 
unilateral motions (sum of both sides) (Daneshjoo et al., 2013). Asymmetry between the 
dominant and non-dominant limbs is in direct correlation with increased risk of injury 
(Knapik et al., 1991). The type and rates of martial arts injuries are often dependent on the 
techniques, rules, and protective equipment. However, the hypothetical effects of different 
requirements on muscle imbalances and the risk of injuries are unknown. Using various 
isokinetic tests, several authors have observed lower limb bilateral and unilateral 
asymmetries in athletes practicing different martial arts (Drid et al., 2009a; Drid et al., 2011; 
Rađo et al., 2011; Golik-Perić et al., 2011). Data obtained by isokinetic testing could be of 
great importance for every athlete and coach, because they enable precise training plans. 
Furthermore, isokinetic testing is of great importance for female karate athletes since they 
are typically endomorph somatotypes, with the total percentage of fat along with 
subcutaneous adipose tissue negatively affecting strength (Kapo et al., 2015). The 
imbalance of strength between hamstrings and quadriceps is an important predictor of the 

risk of injuring the hamstrings (Crosier et al., 2002) and anterior cruciate ligaments (More et al., 
1993). Unilateral, and bilateral, imbalance in muscle strength of lower limbs may cause specific 
types of injury, including hamstring sprain or tear (Carvalho et al., 2016). Muscle asymmetry 
(Scattone-Silva et al., 2012) of lower limbs (due to the specific techniques), and the possibilities 
of injuring the ankle joint, hip joint, or knee, have been specifically investigated (Probst et al., 
2007). Scattone-Silva et al (2012) have concluded, based on the estimation of muscular 
efficiency of the dominant and non-dominant limbs, that imbalance between agonist and 
antagonist muscles (the knee and elbow joints) was less than 10%. Therefore, they concluded 
that daily practice of karate does not lead to bilateral asymmetry of either the lower or upper 
limbs, which is associated with the risk of injury. OBJECTIVE: This study aims to investigate and 
compare muscle imbalances in female karate athletes of different age groups. METHODS: The 
study sample consisted of three groups: 10 cadet, 10 junior, and 10 senior female karate 
athletes. The following isokinetic parameters were gathered: ratio of right/left leg extensor 
force, ratio of right/left leg flexor force, ratio of right leg quadriceps/hamstrings, ratio of left leg 
quadriceps/hamstrings, ratio of right/left shoulder internal rotation, ratio of right/left shoulder 
external rotation, ratio of internal/external rotation in the right shoulder, and ratio of 
internal/external rotation in the left shoulder. RESULTS: The ratio of extensor and flexor 
muscles of the left and right leg in female karate athletes of different ages did not show 
statistically significant differences between the groups. The hamstring/quadriceps ratio of the
left leg in female karate athletes of different ages showed statistically significant differences and 
high effect size (22%). The ratio of internal and external rotation of the right/left shoulder in 
female karate athletes of different ages did not show statistically significant differences between 
the groups (p > 0.05). Finally, the quadriceps/hamstring ratio of the left leg was significantly 
higher in senior than in junior athletes. CONCLUSIONS: One possible cause of asymmetry is 
that the junior athletes favoured use of one foot unilaterally for kicking. The results indicate that 
this group of karate athletes may have demonstrated sport-specific adaptations in
certain strength measurements, but they showed no increased risk for knee injury.

Key words: martial arts, knee, shoulder, muscle imbalances
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The Programme of Promoting Organized Sports Recreation is carried out by “Sport for All” 
Zagreb Association of Sports Recreation. The Association brings together 15 sports 
recreation sociates (non-profit organizations) from the City of Zagreb, carries out around 
200 “Sport for All” programmes in 50 locations throughout the city for 10 to 12 thousand 
users. “Sport for All” programmes include the Regular Physical Exercise Programme in City 
districts in approximately 30 locations of local self-government units, with more than 70 
groups of people exercising, including the young, the elderly and people with special needs, 
the Recreational Swimming Programme in City Swimming Pools offering aquaerobics, 
improvement of swimming techniques and competitions in the Recreational Swimming 
League, as well as the Nordic Walking Programme – Moving towards Health. Sports 
recreation competitions (Games for All) are carried out on a territorial basis, in city districts 
and through the activity of sports recreation associations. The events and happenings are 
programme-oriented to those of importance for the city, such as City Summer Programmes 
or City District Days, Jarun Seniors’ Meetings or Maksimir Autumn, but also national and 
international events such as World Walking Day, World Sport Day or International 
Movement Week, as well as the organization of trips, meetings or sports recreation festivals 
(Programme of Public Needs in Sports of the City of Zagreb for 2018).
According to membership information of “Sport for All” Zagreb Association of Sports 
Recreation, there are 30,000 registered citizens actively participating in recreation. 
However, a much larger number of citizens takes part in sports recreational activities, but 
they pay for their sports recreation themselves. The Association membership provides 
certain benefits and cheaper programmes for the user, some of which are available 
completely free of charge (physical exercise in local districts).
Out of 300 sports recreation associations registered in the Register of Sport Activities of 
the City of Zagreb, only 15 are members of the “Sport for All” Zagreb Association of Sports 
Recreation.

Discussion
The share of funds allocated for sports recreation in the total funds for sport development 
in the City of Zagreb amounted from 0.81% to 1.31% or 0.98% on average in the period of 
ten years. The level of funds allocated for Sports Recreation Programme in the Programme 
of Sports of the City of Zagreb in the indicated period ranged from 0.4% to 0.6%, i.e. 0.5% 
on average. The share of funds allocated for sports recreation in total funds for City Budget 
of the City of Zagreb amounted on average 0.05% in the period of ten years. Nominally, 

there has been a constant decrease in funds allocated for sports recreation programmes in 
the last ten years, with minor deviations. 
While average investment in sports recreation from public needs in sport has amounted to 
0.34% at the state level in the period of ten years, the City of Zagreb has committed funds 
from public needs in sport amounting to 1.09% of public funds on average in the period of 
ten years, i.e. 0.98% of total sports funds for the overall sports recreation programmes.
According to the annual Activity Report of the Croatian Health Insurance Fund for the year 
2016, the largest part of total benefits paid in 2016 accounted for sickness and disability 
benefits amounting to HRK 1,091,915,847.00, which is an increase of 9.79% or HRK 
97,389,712.00 compared to benefits paid for temporary incapacity for work in the previous 
year (HRK 994,526,135.00) and they account for 4.74% of total expenditures, i.e. 46.09% 
of total benefits. Due to temporary incapacity for work, 45,832 employees on average are 
absent from work on a daily basis, which accounts for 3,06% of the total number of active 
insured persons, i.e. 1,442 persons more than in 2015 (44 390 workers) (Activity Report of 
the Croatian Health Insurance Fund, 2016).
Although the data on benefits refer to the Republic of Croatia in its entirety, and not only to 
the City of Zagreb, the alarming fact is that the amount of HRK 1,091,915,847.00 was 
allocated for sickness and disability benefits in 2016, out of which the amount of HRK 
685,108,887.00 or 62% accounted for sick leave benefits. According to the Statistical 
Yearbook of the City of Zagreb for 2017, the number of days of absence from work in the 
City of Zagreb in 2016 amounted to 6,054,000 (sick leave accounting for 66%) or 13.7 per 
active participant. On the other hand, in 2016 and 2017 the City of Zagreb alone allocated 
HRK 1,503,400.00 annually for sports recreation programmes, i.e. the total of HRK 
2.955.700.00 – 3,223,700.00 annually, including sports facilities.
According to the report of the World Health Organization for 2012 and statistical data per 
countries, mortality rate according to illness types in Croatia is very serious, but is declining. 
For example, 23.5% of causes of death accounts for heart diseases and 14.1% for stroke. 
The largest share of all diseases causing death accounts for cardiovascular diseases and 
diabetes, as well as for cancer (the data on Zagreb in the same year show that the number 
of deaths caused by similar illness types amounts to 6528 out of the total of 8329 deaths). 
Other indicators of the World Health Organization demonstrate the prevalence of 
overweight adults (aged 18 and over) for the year 2016, accounting for 59.6% of the total 
population of Croatia. Physical inactivity has been identified as the fourth leading risk factor 
for global mortality (6% of deaths). The WHO Report shows that globally, 23% of adult 
citizens aged 18 and over is insufficiently physically active, and the common conclusion of 
the WHO member states is that by 2025 the number should be reduced by 10% (2010). At 
the same time, the data on the Republic of Croatia showed that 80.2% of adult Croatian 
population (aged 18 and over) is physically active, meaning that there are less than 20% 
physically inactive citizens, which is the global average. When it comes to adolescents (aged 
11-15), the situation is alarming since there are 25.6% active adolescents, and the situation 
is no better at a global level either.
According to the research carried out by Ipsos Agency in June 2017 for the Central State 
Office for Sports, 38% of Croatian citizens take part in sports recreation (cycling, dancing, 
etc.) or other types of physical activity. The youngest age group (aged 15-20) takes part in 
physical activity much more frequently, with 72% of them being physically active at least 
once a week. Population aged 60 and over is least physically active and 80% of them never 
engages in physical activity. Croatian people prefer doing the abovementioned physical 
activities in open spaces, parks and nature (46%), 30% of citizens opt for a sport/fitness 
club or centre, while 27% of Croatians exercise at home. Health is the main motive of 61% 
of citizens participating in sports, recreation or other types of physical activity. Apart from 
health reasons, Croatian people mostly do physical activity in order to improve their fitness 
(38%), relax (37%), spend time with friends (29%), have fun (27%), improve their physical 

appearance (25%), control their weight (18%) and improve their athletic performance (13%). 
For the majority of the population (61%) the type of sports and physical activities they do 
does not require any expenses since they prefer outdoor activities. 57% of population of 
the City of Zagreb and its surroundings participate in some type of physical activity.

Conclusion
Although it has been scientifically proven that recreation has a positive impact on health, 
hence on the quality of life and work efficiency of citizens, and that regular exercise 
prevents long-term sick leave, mental symptoms and poor general health condition among 
working population and that it acts as a cure for major public health problems, physical 
activity is largely connected to the private, individual sphere. The City of Zagreb commits 
significant funds from its budget for the promotion of sports recreation through sports 
recreation associations given the small number of associations to which these funds are 
allocated. The comprehensive representation of overall citizen participation in sports 
recreation is difficult since it is carried out on several levels and through several subjects, 
mostly through payment itself. The latest research from 2017 show that 57% of citizens of 
the City of Zagreb takes part in some type of physical activity, (European average of 
between 13 and 72 per cent of active participation), but no systematic research on the 
actual number of citizens engaged in sports recreation activities. Zagreb position is better 
than in the Republic of Croatia, and on average at global level. However, a growing trend of 
citizens’ self-engagement in activities such as recreational walking, marathons and various 
sports recreation events can be noticed. Every country, as well as local community, should 
pay close attention to sports recreation as a proven instrument of providing general health 
benefits to its citizens, and numerical indicators presented provide a strong basis. Greater 
involvement of sport and health systems in a joint research on this topic is needed for the 
purpose of common interests of improving public health and better use of public money.
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ABSTRACT
PURPOSE. This study evaluates main physical features inherent in flying and basing 
positions in cheerleading girls. METHODS. Eighteen female members of a cheerleading 
squad, aged 15-18 years, underwent anthropometric measurements and tests of static 
balance (Romberg test, «Target» test), muscle power (squat jump, countermovement jump), 
and isokinetic strength of knee flexors and extensors. RESULTS. Results showed that 
cheerleading girls performing basing positions, in comparison with those of flying positions, 
had a significantly higher body fat (16.9 kg vs. 11.1 kg, p<.01), a higher content of 
musco-skeletal components of body weight (23 kg vs. 19.1 kg, p<.001), were taller (166 cm 
vs. 158 cm, p<.05), have higher body mass index (22.5 kg/m2 vs. 19.3 kg/m2, p<.01) and 
higher body mass (63 kg vs. 48 kg, p<.05). In addition, mean value of peak knee extension 
torque was significantly higher for cheerleading girls of basing than flying positions for the 
right leg (97.7 Nm and 74 Nm, respectively, p<.05) as well as for the left leg (99.2 Nm and 
76.3 Nm, respectively, p<.05). Mean value of peak knee flexion torque was significantly 
higher for cheerleading girls of basing than the flying positions for the right leg (73.9 Nm 
and 57 Nm, respectively, p<.05). However, there were no significant between-group 
differences in the variables of static balance and vertical jumps. CONCLUSION. 
Cheerleading girls performing basing positions are taller, heavier, and have a higher BMI 
than those of flying positions. They also achieve higher isokinetic strength of knee 

extensors and flexors. Such measurements of body composition and physical fitness can 
provide useful information on their development during training.

Key words: adolescents, basing, flying, body composition, isokinetic strength, static 
balance, vertical jump

Introduction
Cheerleading is a type of competitive sports that includes components of acrobatics, dance, 
jumps, cheers, and stunting. It originates from the motivational teams for American 
football’s intercollegiate game, whose purpose was to support players and entertain the 
audience (Universal Cheerleading Association, 2002). Nowadays it is a separate kind of 
sport implying complicated athletic performances. Organized cheerleading started as an 
all-male activity. Initially, participants of the squad yelled cheers, then tumble and 
acrobatics were added to their routines. Women were actively joining teams in the times of 
World War II since a lot of college-aged men went off to war (Universal Cheerleading 
Association, 2002). A contemporary discipline cheer is considered as a female kind of sport. 
It includes three main positions: flying, basing and spotting. Every position requires a special 
degree of flexibility and such physical features as athlete’s strength and weight. An irregular 
trend could be observed in athlete’s physical fitness status between the positions (Thomas, 
Seegmiller, Cook, & Young, 2004). Although it is considered to expect special 
anthropometric parameters for every position, very little is known about their physiological 
profile. Moreover, there a lot of cases of injuries that could be connected with physical 
requires for every position. Catastrophic injuries have increased over the years, presumably 
because of an increase in the gymnastic-like stunts currently common in cheerleading and 
inapplicable fitness level (Thomas, et al., 2004). In addition, a lifetime of adolescence or 
young adulthood may predispose to eating disorders such as anorexia nervosa and bulimia 
nervosa (Deering, 2001). Important to note, between high-school cheerleaders there is an 
above-average number of eating disorders (Macleod, 1998). Although athletes may not 
suffer life-threatening medical complications, it can lead to significant weight loss or weight 
gain vastly changing body composition (Thompson & Digsby, 2004). Therefore, the purpose 
of current study was to evaluate the main physical features inherent to flying and basing 
positions and compare the obtained data between different age groups of youth.

Methods
Subjects. Eighteen female members of cheerleading squad were investigated. Subjects 
ranged in age from 15 to 18 years. Experimental procedures were conducted by highly 
qualified athletes in the preseason cycle of training. Subjects did not have any injuries to 
musculoskeletal system or any contraindications to the testing. Participants read and signed 
an informed agreement of MCAST.  
Measurements. Anthropometric assessment, which included the determination of height 
and body weight, body composition (bioimpedance analyses, “ABC-01 Medass”). 
Stabilometry was performed using equipment "Stabilan-01" (the “European” way of feet 
position). Romberg test was performed with open and closed eyes, 1 min for each test. Test 
“Target” was conducted with biofeedback in a stance 20 s long. Vertical jump tests 
consisted of two types of jumps: squat jump (SJ) and countermovement jump (CMJ). Jump 
test procedure was performed on the AMTI force plate. The height of the jump was 
calculated from the ground reaction forces sampled at a rate of 1000 Hz. The evaluation of 
the speed-power capabilities of flexors and extensors of the knee joint of both legs was 
performed on an isokinetic dynamometer “Humac Norm” (USA, CSMI) in the isokinetic 
mode at the angular velocity of 180 degrees/s. Three to five maximum attempts were 
executed with rest intervals of at least 20 seconds. 
Statistical analyses included checking the data for normal distribution by the Shapiro-Wilk’s 

test, the Box-Cox transformation for the failed test, and the one-way ANOVA analysis. The 
statistical analysis was made with the help of libraries and Python: scipy 0.19, statsmodels 
0.8.

Results
According to the results (Table 1) of bioimpedansometry, the representatives of the basing 
position had a significantly higher content of fat (%, kg) and, correspondingly, a higher 
content of skeletal muscle (kg) components of body weight. At the same time, the basing 
position was higher in comparison with the flying position and had a higher weight-growth 
index.

Discussion
The mean score of the FMS test for the overall sample is 14.12. The score for the group of 
boys is 14.5 and 13.75 for girls. According to the measured scores, we can conclude that our 
participants are not at risk of injury. The average normative values for the FMS in preteen 
and teen populations (10 to 17 years) are shown in a study by Abraham et al. (2015). The 
study presented 14.59 as a normative value, which is slightly lower than the one applied by 
Schneiders et al. (2011) for active young people. Schneiders’ score ranged from 14.4 to 
15.7. Another study reported an average score of 16.9 for professional football players 
(Kiesel, Butler, & Plisky 2014). Bardenett et al. (2015) also proposed normative values for 
high-school athletes (age 13-18) of 13.0 for both males and females. Krumrei et al. (2014) 
investigated accuracy of the FMS to identify individuals with an elevated risk of 
musculoskeletal injury, questioning the universality of the limit value of ≤14, concluding 
that the responsiveness and predictive accuracy of the FMS may be enhanced by using an 
alternative cut-off score. The aforementioned authors suggest that further studies of the 

FMS are needed with other physically active populations, which is one of the goals of our 
research. Only one scientific report (the recent paper by Saki, 2017) has been published 
using the Kinovea video-analysis software for the FMS assessment, but it was used only for 
observational video analysis, whereas our research used a more precise evaluation 
methodology. Saki used Kinovea video-analysis software for the Functional Movement 
Screen in elite basketball players. The research procedure was to have subjects perform 
each task two times; along with that the raters could observe the video records of the 
participants’ FMS test without any restrictions. The author claims video analysis is limited 
and may affect the raters’ scoring. In our research, all participants performed each task 
three times, and the best attempt was further analysed. Many authors (Beach, Frost, & 
Callaghan, 2014; Minick et al., 2010; Stobierski et al., 2015) suggest performing 
post-assessment via video observation, emphasizing that composite FMS scores are 
reliable when graded by experienced observers on the basis of video recordings. Since the 
Kinovea method is objective in its nature, an examiner’s experience should not be a 
significant factor. Moran et al. (2016) examined the reliability of FMS scores, concluding 
that ratings made from live observation were superior to those made from viewing of video 
recordings. In order to utilize the benefits of video analysis for FMS scoring, we suggest that 
Kinovea generated scoring should be preferred over that made from an observational 
analysis of a recorded video.

Conclusion
Through the examination of gymnasts’ posture, we noticed a specific postural adaptation 
developed by day-to-day exercise with optimal mobility of lower limbs, which is significantly 
reduced in upper extremities. Sport-specifically, participants attained very good scores in 
the FMS hurdle step and in-line lunge tests, which are biomechanically similar to gymnastics 
tasks. Gymnasts do not belong to a group with increased risk of injury, since they have 
achieved a score higher than 13, which represents the cut-off score for high-school 
athletes. When using video analysis for FMS scoring, we recommend the Kinovea software 
approach instead of the insufficient objective observation of video recordings.
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ABSTRACT
BACKGROUND: Karate, currently one of the most practised individual martial arts and 
non-Olympic sport, will be included in the Olympic Games for the first time in 2020. As 
sport, karate comes in two forms, kumite (combat sport) and kata (martial art) (Vujkov et al., 
2015; Kotrljanovic et al., 2016; Koropanovski et al., 2017). Development of modern karate 
is associateded with the increased involvement of science, which significantly influences 
the process of athlete preparation. Development of motor skills is the core of karate 
training, as they constitute the basis upon which combat techniques are formed 
(Truszczyńska et al., 2015). Although injuries in martial arts are frequent, it is incumbent on 
the scientific community to propose ways to decrease their incidence (Arriaza et al., 2016). 
Therefore, in order to evaluate injury risk, as well as to develop a knee injury rehabilitation 
program, an isokinetic dynamometer for evaluating knee strength has been used (Crosier, 
2002; Impellizzeri et al., 2008). The so-called bilateral deficit occurs during bilateral 
movements where the withstood load is less than that observed in the summed-up 
unilateral motions (sum of both sides) (Daneshjoo et al., 2013). Asymmetry between the 
dominant and non-dominant limbs is in direct correlation with increased risk of injury 
(Knapik et al., 1991). The type and rates of martial arts injuries are often dependent on the 
techniques, rules, and protective equipment. However, the hypothetical effects of different 
requirements on muscle imbalances and the risk of injuries are unknown. Using various 
isokinetic tests, several authors have observed lower limb bilateral and unilateral 
asymmetries in athletes practicing different martial arts (Drid et al., 2009a; Drid et al., 2011; 
Rađo et al., 2011; Golik-Perić et al., 2011). Data obtained by isokinetic testing could be of 
great importance for every athlete and coach, because they enable precise training plans. 
Furthermore, isokinetic testing is of great importance for female karate athletes since they 
are typically endomorph somatotypes, with the total percentage of fat along with 
subcutaneous adipose tissue negatively affecting strength (Kapo et al., 2015). The 
imbalance of strength between hamstrings and quadriceps is an important predictor of the 

risk of injuring the hamstrings (Crosier et al., 2002) and anterior cruciate ligaments (More et al., 
1993). Unilateral, and bilateral, imbalance in muscle strength of lower limbs may cause specific 
types of injury, including hamstring sprain or tear (Carvalho et al., 2016). Muscle asymmetry 
(Scattone-Silva et al., 2012) of lower limbs (due to the specific techniques), and the possibilities 
of injuring the ankle joint, hip joint, or knee, have been specifically investigated (Probst et al., 
2007). Scattone-Silva et al (2012) have concluded, based on the estimation of muscular 
efficiency of the dominant and non-dominant limbs, that imbalance between agonist and 
antagonist muscles (the knee and elbow joints) was less than 10%. Therefore, they concluded 
that daily practice of karate does not lead to bilateral asymmetry of either the lower or upper 
limbs, which is associated with the risk of injury. OBJECTIVE: This study aims to investigate and 
compare muscle imbalances in female karate athletes of different age groups. METHODS: The 
study sample consisted of three groups: 10 cadet, 10 junior, and 10 senior female karate 
athletes. The following isokinetic parameters were gathered: ratio of right/left leg extensor 
force, ratio of right/left leg flexor force, ratio of right leg quadriceps/hamstrings, ratio of left leg 
quadriceps/hamstrings, ratio of right/left shoulder internal rotation, ratio of right/left shoulder 
external rotation, ratio of internal/external rotation in the right shoulder, and ratio of 
internal/external rotation in the left shoulder. RESULTS: The ratio of extensor and flexor 
muscles of the left and right leg in female karate athletes of different ages did not show 
statistically significant differences between the groups. The hamstring/quadriceps ratio of the
left leg in female karate athletes of different ages showed statistically significant differences and 
high effect size (22%). The ratio of internal and external rotation of the right/left shoulder in 
female karate athletes of different ages did not show statistically significant differences between 
the groups (p > 0.05). Finally, the quadriceps/hamstring ratio of the left leg was significantly 
higher in senior than in junior athletes. CONCLUSIONS: One possible cause of asymmetry is 
that the junior athletes favoured use of one foot unilaterally for kicking. The results indicate that 
this group of karate athletes may have demonstrated sport-specific adaptations in
certain strength measurements, but they showed no increased risk for knee injury.

Key words: martial arts, knee, shoulder, muscle imbalances
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