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Ágrip  
Fylgni á Milli Frammistöðu – í Líkamlegum Mælingum og í Keppni í 

Fimleikum 

 

Inngangur: Frammistaða í fimleikum krefst þess að iðkandi sé fær um að framkvæma erfiðar 

og flóknar hreyfingar á mismunandi áhöldum. Frammistaða í keppni er metin eftir því hversu 

erfiðar og flóknar æfingar eru framkvæmdar og hversu vel þær eru framkvæmdar. Fylgni á 

milli frammistöðu– í keppni og líkamlegrar getu hefur ekki mikið verið rannsökuð í 

fimleikum. Markmið með þessari rannsókn er að greina fylgni á milli frammtistöðu– í keppni 

og í líkamlegum mælingum hjá íslenskum áhalda– og hópfimleika iðkendum.  

Aðferð: Iðkendur voru íslenskir fimleikamenn– og konur (Karlar áhalda (14), Konur áhalda 

(22) and hópfimleikar (17)). Gögnum fyrir líkamlega getu var safnað með líkamlegum 

mælingum og skor frá Íslandsmótinu fyrir áhalda fimleika voru sótt af vefsíðu 

Fimleikasambandsins og myndbandsgreint fyrir hópfimleika.  

Niðurstöður: Karlar í áhaldadimleikum sýndu marktæka fylgni á milli allra sex áhalda og 

allavegana einni líkamlegri mælingu, sterkasta fylgnin var fyrir D einkunn á tvíslá, 0.801 við 

þrjár mælingar. Konur í áhaldafimleikum sýndu marktæka fylgni á milli tveggja áhalda og 

allavegana einni líkamlegri mælingu, sterkasta fylgnin var fyrir D einkunn í stökki, 0.915 við 

þrjár mælingar. Hópfimleikaiðkendur sýndu marktæka fylgni á milli tveggja áhalda og 

allavegana einni líkamlegri mælingu, sterkasta fylgnin var fyrir D einkunn á trampólíni, 

0.963 við fjórar mælingar. Margar líkamlegar mælingar sýndu marktæka fylgni á milli. 

Ályktun: Mismunandi líkamlegar mælingar sýndu marktæka fylgni við skor á mismunandi 

áhöldum. Karlar í áhaldafimleikum sem standa sig vel í líkamlegum mælingum eru líklegri til 

að skora hærra í keppni á öllum áhöldum, konur í áhaldafimleikum eru líklegri til að skora 

hærra á tveimur áhöldum og hópfimleikaiðkendur á allavegana tveimur áhöldum.  

 

Lykilorð: test, skor, áhaldafimleikar, hópfimleikar, Ísland 
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Abstract  
Correlation Between Performance – in Physical Measurements and in 

Competition in Gymnastics 

 

Introduction: Gymnastic sports requires gymnasts to perform complex skills on various 

apparatus to suceed in competition. Performance in competition is judged by how difficult 

elements are performed and by the execution of those elements. Few studies have 

investigated a correlation between performance in competition and physical ability. The main 

objective of the current study is to analyze the correlation between performance in 

competition and physical ability in Icelandic gymnasts.  

Method: Data was collected on physical fitness attributes based on GFMT measurement 

package from Icelandic gymnasts (Male Artistic (14), Female Artistic (22) and TeamGym 

(17)) and correlation to competition score was examined. 

Results: Male artistic gymnasts displayed a significant correlation on all six apparatus with at 

least one physical measurement, the strongest correlation displayed the D score on parallel 

bars, 0.801 with three measurements. Female artistic gymnasts displayed a significant 

correlation on two apparatus with at least one physical measurement, strongest correlation 

displayed the D score on the vault apparatus, 0.915 with three measurements. TeamGym 

gymnasts displayed a significant correlation on both apparatus with at least one physical 

measurement, strongest correlation displayed the D score on trampet apparatus, 0.963 with 

four measurements. 

Conclusion: Different physical measurements displayed a correlation with the scores on 

different apparatus. The gymnasts that perform well in some of the physical measurements 

are more likely to score high in competition. 

 

Keywords: Relationship, fitness, score, artistic gymnastics, TeamGym, Icelandic.  
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Introduction  
Gymnastics is a very popular sport, with an estimated 50 million participants (Moeskops et 

al., 2019). A few forms of gymnastics exist, like acrobatic, aerobic, artistic, rhythmic, 

trampoline, parkour, and TeamGym (Moeskops et al., 2019). Artistic gymnastics is the most 

popular form of gymnastics in the world and one of the oldest, most popular and demanding 

sport in the Olympics (Bango et al., 2017; Moeskops et al., 2019; Nakasone, 2015; Vandorpe 

et al., 2011).  

Gymnastics is also popular in Iceland where the two competitive gymnastics forms of 

artistic gymnastics and TeamGym are practiced. In the year 2018, the gymnastics was the 

third-most-popular sport in Iceland, and the most popular sport among women (The National 

Olympic and Sports Association in Iceland, 2019). The participants in 2018 totalled 14.685, 

which was a 24% increase from the year before. The majority of participants, 9715, were 

women. Most of them, 8.826, were 15 years-old or younger, and 889 of them were 16 years-

old or older. Male participants totalled 4.341, and 3.968 of them were 15 years-old or 

younger, and 373 of them were 16 years-old or older (The National Olympic and Sports 

Association in Iceland, 2019).  

             The gymnastic sport requires complex skills with heightened physical demands (Hall 

et al., 2016; Özer & Soslu, 2019). The gymnast needs to be able to perform complicated and 

difficult movements on various apparatus (Moeskops et al., 2019). The hours of dedicated 

practice that top gymnasts spend in preparation are many, about 1,500 hours per year (Sibanc 

et al., 2017). Training load, intensity, and amount of training increases from a young age and 

continues over several years to develop physical fitness and the ability to succeed in the 

competition (Hall et al., 2016; Mkaouer, Hammoudi-Nassib, et al., 2018). Performance in 

competition depends on the perfect trade-off between technical skills on each apparatus and 

the physical fitness ability (Mkaouer, Hammoudi-Nassib, et al., 2018). Gymnasts are judged 

and scored by how difficult the routine is and by the execution of the routine (Moeskops et 

al., 2019).  

With the current information in mind, the question that arises, “Is there a correlation 

between the competition score and the physical ability?” Even though the correlation 

between these factors seems logical, it has never been investigated for all apparatus on which 

gymnasts compete. Hence, the main objective of this study is to analyze the correlation 

between scores in competition with physical ability of the male and female artistic – and 

TeamGym Icelandic gymnasts.   
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1. Theoretical Background  

1.1. Artistic Gymnastics  
During the Olympic Games in Athens in 1896, was the first time athletes competed in artistic 

gymnastics. The first World Championship in artistic gymnastics was held a few years later, 

in 1903 in Belgium (Nakasone, 2015). Artistic gymnastics is a very popular sport practiced 

by both males and females where they compete on various apparatus. There are some 

differences in male and female artistic gymnastics because the events they compete in include 

different apparatus (Moeskops et al., 2019). Male artistic gymnasts compete in six different 

events on different apparatus: floor exercise, pommel horse, rings, vault, parallel bars and 

horizontal bar (Bango et al., 2017; Sleeper et al., 2016). Female artistic gymnasts compete on 

four events on different apparatus: vault, balance beam, uneven bars and floor exercise 

(Moeskops et al., 2019; Sleeper et al., 2012).  

The elite level or peak performance in artistic gymnastics is reached around the age of 

16-18, which requires 8-10 years of preparation and many hours of dedicated practice (Pion 

et al., 2015). Training load, intensity, and amount of training increase at a young age and 

continues for a long period (Donti et al., 2012; Hall et al., 2016; Mkaouer, Hammoudi-

Nassib, et al., 2018). Gymnasts must be prepared gradually over several years to develop 

their physical fitness performance and to succeed in competition, because of how specific the 

gymnastic sport is (Michel Marina & Jemni, 2014; Mkaouer, Hammoudi-Nassib, et al., 

2018). Top artistic gymnasts practice several hours a day, six days a week, which totals about 

1,500 hours per year (Sibanc et al., 2017).  

 

1.1.1.  Male Artistic Gymnastics  
Six different events require a lot of specific movements for each event and training on each 

apparatus. Movements and demands are quite different from one apparatus to another and 

some of them are more or less demanding than others (Mkaouer, Jemni, et al., 2018). In 

men’s artistic gymnastics are evaluated approximately 800 – 1,000 exercises elements on all 

six apparatus, there the elements on each apparatus are divided into structural groups 

(Nakasone, 2015; Veli\vcković et al., 2016). The order of the events is usually the same, the 

floor, the pommel horse, the rings, the vault, the parallel bars and the horizontal bar 

(Mkaouer, Jemni, et al., 2018). 
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1.1.1.1. Floor Exercise  

The floor exercise is performed on a 12 x 12 gymnastic floor area and the athlete should use 

all the area while performing the routine without stepping out of bounds (FIG, 2017a; 

Rohleder & Vogt, 2019). The floor event is the longest event, with a maximum duration of 70 

seconds and no minimum time (Mkaouer, Jemni, et al., 2018). A gymnast, needs to show 

both acrobatic- and non-acrobatic elements of strength, balance, and flexibility, as well as 

choreographic combinations (FIG, 2017a; Rohleder & Vogt, 2019). Three different element 

groups exist on floor exercise in male artistic gymnastics, and the gymnast has to include at 

least one element from each group while performing the routine. Group I includes non-

acrobatic elements, group II includes acrobatic elements forward, and group III includes 

acrobatic elements backward (Rohleder & Vogt, 2019). It has been examined after the last 

Olympic games to create a fourth group for acrobatic elements; sideward and backward jump 

elements with half-turns and forward somersaults. Today, all those elements are included in 

group III with backward elements (Rohleder & Vogt, 2019).  

 

1.1.1.2. Pommel Horse  

The pommel horse apparatus measures 105 cm height from the top of the mat and 115 cm 

height from the floor (FIG, 2017a). The routine on the pommel horse takes about 35 - 45 

seconds in top competitions (Mkaouer, Jemni, et al., 2018). The routine is mainly based on a 

single fundamental skill called circles; there, the athlete needs to perform many circles and to 

maintain their quality (Fujihara & Kobayashi, 2018). All types of circles are permitted, 

including circular swings with legs apart and together, single-leg swings, scissors, swings 

through the handstand position with or without turns. All parts of the horse are used (FIG, 

2017a). Four different element groups exist in the pommel horse routine. Group I includes 

single-leg swings and scissors elements. Group II includes circles, flops and flairs, with 

and/or without spindles and handstands, as well as elements called Kehrswings, Russian 

Wende swings, and combined elements. Group III includes travel type elements, Krolls, 

Tong Fel, Wu Guonian, Roth, and traveling spindles. Group IV includes dismount elements 

(FIG, 2017a). 

 

1.1.1.3. Rings  

The rings measure 280 cm height from the floor and the routine lasts about 35 – 45 seconds 

(FIG, 2017a; Sterkowicz-Przybycień et al., 2019). The athlete has the right to ask for 
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permission to raise the rings to accommodate his height and also to be assisted by the coach 

or other athlete to a hanging position for the start of their routine. One spotter is allowed 

(FIG, 2017a). The rings is the most unstable apparatus in male artistic gymnastics which 

requires a lot of strength and balance in the upper limbs (Bango et al., 2017). An athlete 

should perform a maximum of seven strength hold elements that must be held in a perfect 

position for at least two seconds (Bango et al., 2017). In the rings event, there are four 

element groups involving positions that should be performed. Group I includes kip and swing 

elements and swings through or to handstands. Group II includes strength and hold elements. 

Group III includes swing to strength hold elements. Group IV includes dismount elements 

(Bango et al., 2017; FIG, 2017a). The most popular and the main exercise on the rings is 

called Iron Cross, where the gymnast holds his elbows extended, shoulders abducted to 90° 

and maintains the upper limbs horizontal, where the body can be extended or angled (Bango 

et al., 2017). Another popular exercise in a routine on the rings is L–sit Cross and is a 

variation of the Iron Cross, where the athlete flexes hips to 90° with the lower limbs together 

and knees fully extended (Bango et al., 2017).  

 

1.1.1.4. Vault  

The vault routine is the shortest event and takes about 5 seconds or less and includes a 20–25 

meter straight run on a runway towards a springboard and performance of a leap over a 

vaulting table, which is in 1.35 meters high (Fernandes et al., 2016; Schärer et al., 2019; 

Sterkowicz-Przybycień et al., 2019). The athlete has the right to use an additional 10 cm soft 

mat on top of the 20 cm existing landing mat (FIG, 2017a). The vault routine is performed in 

seven phases: run-up, hurdle, or round off, take off, pre-flight, support, post-flight, and 

landing (Schärer et al., 2019). In competition, the gymnast must perform one vault, except in 

qualification for vault finals and in vault finals, where the athlete must perform two vaults 

from different vault element groups with a different second-flight phase. In vault event there 

are five element groups involving different kinds of vaults and in each group are 14–34 coded 

vaults with different difficulty levels. The athlete chooses a vault according to his ability 

(Fernandes et al., 2016). Group I includes forward handspring elements. Group II includes 

handspring with ¼ turn or ½ turn in the first flight phase. Group III includes round-off entry 

elements. Group IV includes round-off entry with ½ turn in first flight phase. Group V 

includes Scherbo entry in first flight elements (Fernandes et al., 2016; FIG, 2017a).  
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1.1.1.5. Parallel Bars  

The parallel bars measure 180 cm from the top of the mat and 200 cm from the floor (FIG, 

2017a). The event takes about 35–45 seconds (Sterkowicz-Przybycień et al., 2019). Parallel 

bars apparatus has 168 elements divided into four structural groups and most of them are 

swing elements and elements with a flight phase. These elements can be performed in the 

lateral or frontal position, on one or two bars (Veli\vcković et al., 2016). Group I includes 

elements in support or through-support on two bars. Group II includes elements starting in 

the upper arm position. Group III includes long swings in hang on one or two bars, and under 

swings elements. Group IV includes dismount elements (Veli\vcković et al., 2016).  

 

1.1.1.6. Horizontal Bar  

The horizontal bar apparatus is a 240 cm long and measures 260 cm height from top of the 

mat and 280 cm height from the floor (FIG, 2017a). The athlete has the right to ask for 

permission to raise the horizontal bar to accommodate his height (FIG, 2017a; Spencer & 

Schuhmann, 2017). The routine on the horizontal bar should last about 35–45 seconds, 

similar to a routine on the pommel horse, on the rings, and on the parallel bars (Sterkowicz-

Przybycień et al., 2019). The athlete has the right to be assisted to the hanging position by a 

coach or other athlete for the start of their exercise on the horizontal bar and have one spotter, 

just like on the rings apparatus. The athlete also has the right to use an extra 10 cm soft mat 

on the existing landing mat (FIG, 2017a). The athlete should present a fluid connection of 

swinging, turning, and flight elements, both near and far from the bar (FIG, 2017a). The 

horizontal bar includes more than 100 elements classified into four structural groups 

(Nakasone, 2015). Group I includes long hang swings with and without turn elements. Group 

II includes flight elements. Group III includes elements near the bar or “in-bar” elements and 

elements called Adler. Group IV includes dismount elements (Nakasone, 2015). 

 

1.1.2. Female Artistic Gymnastics  
Females compete in four events on four different apparatus in artistic gymnastics. In female 

artistic gymnastics, approximately 700 elements are evaluated on all four apparatus. Elements 

on each apparatus are divided into 5 or 6 structural groups (Čuk, 2016). The order of the 

events is usually the same: the vault, the uneven bars, the balance beam and the floor 

exercise. 



	 14	

1.1.2.1. Vault  

The vault routine in female artistic gymnastics is very similar to the vault routine in male 

artistic gymnastics. The athlete runs 20–25 meters on a runway towards a springboard and 

performs a leap over a vaulting table, which is a little bit lower than in male artistic 

gymnastics, or 1.25 meters high (Fernandes et al., 2016). The gymnast must perform one 

vault, except in qualification for vault finals and in vault finals, where the athlete must 

perform two vaults from different element groups with a different second-flight phase. In 

female gymnastics, each element group includes fewer and different vaults than in male 

element groups, or 11–24 coded vaults in five groups (Fernandes et al., 2016). Group I 

includes vaults without salto and turns in first and/or second flight phase, for example 

handspring, Yamashita and round-off. Group II includes handspring forward with or without 

360° turn in the first-flight phase, and salto forward and backward with or without 

longitudinal axis turn in second-flight phase. Group III includes handspring with ¼ - ½ turn 

in first-flight phase, and salto backward with or without longitudinal axis turn in second-

flight phase. Group IV includes round-off (Yurchenko) with or without ¾ turn in first flight 

phase, and salto backward with or without longitudinal axis turn in second flight phase. 

Group V includes round-off with ½ turn in first flight phase, and salto forward or backward 

with or without longitudinal axis turn in second flight phase (Fernandes et al., 2016; FIG, 

2017b).  

 

1.1.2.2. Uneven Bars  

The uneven bars apparatus has two bars, called low– and high bar. The gymnast starts the 

routine with a take-off from the springboard or the mat. Routines on uneven bars requires the 

gymnast to perform both forward and backward rotations, as well as rotational reversal 

swings on a low– and a high bar (Hucher et al., 2015). Circles and swings that gymnasts 

needs to perform are, for example, giant circles backward and forward, swings and clear hip 

circles, forward and backward stalders, and both forward and backward pike circles. Flights 

that gymnast needs to perform are, for example, flight from the high bar to the grasp on the 

low bar or reversed, counter-flight over the bar, vaults, and saltos (FIG, 2017b). The element 

groups in the uneven bars event total six. Group I includes mounts elements, or how the 

routine is started and how the athlete begins on the apparatus. Group II includes casts and 

clear hip circles elements. Group III includes giant circles elements. Group IV includes 
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stalder circles elements. Group V includes pike circles elements. Group VI includes dismount 

elements (FIG, 2017b). 

 

1.1.2.3. Balance Beam  

The balance beam apparatus is 5 meters long and measures at 125 cm height from the floor. 

The routine on the balance beam must not take longer than 90 seconds. The balance beam 

routine must be smooth, have continuous flow, show balance and difficulty of elements 

without unnecessary stops or prolonged preparation, as well as the confidence of 

performance, personal style and perfect technique (FIG, 2017b; Lee et al., 2019). The 

composition must be based on both gymnastic and artistic movements, as well as the 

choreography of these elements with a strong sense of rhythm (FIG, 2017b). The routine 

should include elements from different element groups, changes of level up and down, 

changes of direction forward, backward and sideward, changes of rhythm and tempo, creative 

or original movements, and transitions (FIG, 2017b). The balance beam apparatus includes 

six element groups (Pajek et al., 2016). Group I includes mounts elements, how the routine is 

started, and how the athlete begins on the apparatus. Group II includes gymnastic leaps, 

jumps, and hops elements. Group III includes gymnastic turns. Group IV includes holds and 

acrobatic non-flight elements. Group V includes acrobatic flight elements. Groups VI 

includes dismount elements (FIG, 2017b; Pajek et al., 2016).  

 

1.1.2.4. Floor Exercise 

The floor exercise is performed on 12 x 12 gymnastic floor and the routine may not exceed 

90 seconds (FIG, 2017b). In the floor routine the gymnast must demonstrate a strong 

choreographic flow, artistry, musicality, expressiveness and perfect technique (FIG, 2017b). 

The routine also requires the gymnast to perform movement patterns that use various 

segments and involves all types of muscular actions (Moeskops et al., 2019). 

Choreographically movements should flow smoothly to the next with contrasts in the speed 

and intensity. A routine should include elements from different groups, changes of level up 

and down, changes of direction forward, backward, sideward and curves, creative or original 

movements, connections, and transitions into acro lines. The music must be flawless, have a 

clear start and clear finish, show the gymnast’s style, and a theme of the composition where 

the music and movements have a direct correlation (FIG, 2017b). The element groups in floor 

routine total five. Group I includes gymnastic leaps, jumps, and hops elements. Group II 
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includes gymnastic turns elements. Group III includes hand support elements. Group IV 

includes salto forward and sideward elements. Group V includes salto backward elements 

(FIG, 2017b).  

 

1.2. TeamGym 
TeamGym gymnastics is a rather new sport originating from Scandinavia (Minganti et al., 

2010; UEG, 2017). The first European TeamGym Championship was held in Finland in 1996 

and has been held every two years by the European Union of Gymnastics (UEG), who also 

organizes the national competitions yearly (Minganti et al., 2010). The members of the team 

are between 8 and 12 in female, male, and mixed teams (half male and half female) (De Pero 

et al., 2013; UEG, 2017). Gymnasts exhibit their skills with the music with no lyrics on three 

different apparatus: the tumble track, the trampet and the floor (Minganti et al., 2010). Each 

gymnast is judged individually on tumble and trampet events, but the team achieves one 

score for their performance on those events and for the floor event, then the total score for all 

three events (Lund & Myklebust, 2011). The order of the events is usually the same, the 

floor, the tumble, and the trampet.  

 

1.2.1. Floor Exercise 
The floor exercise is performed on the 14x16 gymnastic floor and the athletes should use all 

the area while performing the routine (De Pero et al., 2013). The time limit is from 2 minutes 

and 15 seconds to 2 minutes and 45 seconds (UEG, 2017). All the members of the team 

perform in the floor routine and it should be performed to the music with rhythmic dance and 

choreographic elements where the whole body is active. The requirements of the floor event 

is that the routine should be performed with good balance and technique and all the elements 

must be performed with dynamic execution and show continuity with natural fluency. The 

routine should be performed in different directions, and gymnasts must show transitions from 

one formation to another with gymnastic quality and move in different planes (UEG, 2017). 

Requirements for composition in floor routine is that it should include a flexibility element, 

group element, rhythmic sequence requirement, and difficulty distribution requirement. For 

flexibility element, each gymnast can choose what kind of element they perform, splits, side 

splits, or straddle pike sitting fold. The position must be shown clearly, but the gymnast does 

not have to stay still. At least one group element is required in the floor routine, and all the 

members must take part and play an active role in either a visible lift off the floor or a throw. 
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The floor routine should include at least one rhythmic sequence, and the whole team must 

perform the same sequence. The gymnasts must travel at the same time in one or two groups 

from side to side, from back to front or reverse the floor area. Three difficult elements are 

required and should be spread evenly in the routine, but all three elements should be 

performed after 1 minute and 30 seconds. Difficult elements can be all kinds of jumps, leaps, 

hops, balance and acrobatic elements (UEG, 2017).  

 

1.2.2. Tumble 
The tumbling event is performed on the long tumbling lane. The gymnasts perform three 

different acrobatic rounds with at least three different elements consecutively and close to 

each other. The routine with all three rounds should last no longer than 2 minutes and 45 

seconds. Only six members from the team can perform for one round. The members do not 

have to be the same for all three rounds, but mixed teams must have the same number of male 

and female gymnasts performing in each round (De Pero et al., 2013; UEG, 2017). In the first 

round, all six gymnasts perform exactly the same elements. In the second and third rounds, 

gymnasts perform the same elements or increase difficulty. At least one round must inculde 

forward elements and one round backward elements. For one round, there are no 

requirements for direction; it can be forward, backward, or a combination of both. All rounds 

must be performed with elements without intermediate steps between them or pauses and 

have a flow. The gymnasts must land after the last element in the landing area, and one coach 

is allowed to stand on the landing mat to assist. After the first and second rounds, the 

gymnasts wait after all the members finish the round and jog back together to line up for the 

next round. After the last round, they jog all togerther out of the competition area (UEG, 

2017).  

 

1.2.3. Trampet 
The trampet event is performed running 25 meters straight on a runway towards trampoline 

and performing a leap. Arrangement of the trampet routine is the same as on a tumbling 

routine: three rounds of different elements within 2 minutes and 45 seconds and only six 

members from the team can perform for each round. The members do not have to be the 

same for all three rounds, but mixed teams must have the same number of male and female 

gymnasts performing in each round (De Pero et al., 2013; UEG, 2017). In the first round, all 

the gymnasts perform exactly the same element. In the second and third rounds, gymnasts 
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perform the same elements or increase difficulty. At least in one round should be used 

vaulting apparatus and a leap performed over the vaulting table, and at least one round must 

be performed without vaulting table. After the first and second rounds, the gymnasts should 

wait till all six members finish the round and jog back together and line up for the next round. 

After the last round, they jog all together out of the competition area. Two coaches are 

allowed to stand on the landing mat, one on each side of the trampoline to assist gymnasts 

(UEG, 2017).  

 

1.3. Physical Demands  
Artistic and TeamGym gymnastics demonstrate many of the same skills, like acrobatic 

jumps, hops, and leaps, as well as balance, flexibility, and dance skills, which means that the 

demands are very similar (Lund & Myklebust, 2011). Differences are that artistic gymnastics 

is an individual sport and TeamGym is as the name says, a team or a group sport, as well as 

there is a difference in rules on apparatus between those two forms of gymnastics (Lund & 

Myklebust, 2011). Skills and movements in gymnastic sport are complicated and can be 

difficult to perform, because it requires different demands and skills for each apparatus. 

Speed, strength, power, agility, coordination, anaerobic capacity, flexibility, and balance are 

the demands that are necessary for a gymnast to be able to perform complicated and difficult 

movements and skills on various apparatus (Bango et al., 2017; Michel Marina & Jemni, 

2014; Moeskops et al., 2019). It promotes movements and movement groups like bounding, 

tumbling, turning, jumping, sprinting, armstanding, leg and arm tossing, flighting, static and 

dynamic posture, rapid accelerations, and decelerations, pulling and pushing with balance 

and artistry on the different apparatus that has a very high demand of execution (G. C. Dallas 

et al., 2017; Mkaouer, Hammoudi-Nassib, et al., 2018; Özer & Soslu, 2019). The 

manifestation of those demands can be different from one apparatus to another (Mkaouer, 

Jemni, et al., 2018). Very complex and difficult skills are only possible to perform through 

specialized training which requires the continuous development of new and increasingly 

complex skills with heightened physical demands (Hall et al., 2016; Michel Marina & Jemni, 

2014).  

             Despite the physical demands that gymnasts need, their body composition is also 

different from a lot of other athletes or non-athletes. Gymnasts often have less fat, lower body 

mass, and lower height compared to non-athletes (Sterkowicz-Przybycień et al., 2019). The 

explanation for that kind of body composition for gymnasts can be that small size and low 
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weight are associated with speed and agility, which can make it easier for the gymnasts to 

perform flight skills (Donti et al., 2012). 

 

1.3.1. Speed 
Speed is defined as the ability to move from one point to another in the shortest amount of 

time. Speed in gymnastics is mainly important in the run-up phase, running straight ahead on 

a runway in the vault and tumble events, then performing difficult vaults (Schärer et al., 

2019). Sprint speed can matter before performing an effective jump on the springboard and 

trampoline to generate power for maximum repulsion off the vault (Hall et al., 2016). 

Naundorf et al (2008) have shown that the speed of the gymnast in the run-up phase on the 

vault event have increased from the year 1997 to 2007, in both men and women (Naundorf et 

al., 2008). No research was found to show that speed has increased even more from 2007 to 

today. 

Maximum speed is the highest speed that the individual can reach in the sprint (Little 

& Williams, 2005). Acceleration is the ability to increase speed and reach maximum velocity 

in a minimum amount of time (Little & Williams, 2005). Studies show different results 

regarding acceleration distance for different sports; the distance goes from 15–40 meters for 

elite athletes to reach their maximum speed (Kukolj et al., 1999; Moeskops et al., 2019; 

Tønnessen et al., 2011; Zafeiridis et al., 2005). Although the distance it may take for 

gymnasts to reach their maximum speed is not known, Meyers et al (2015) point out in their 

study that young male gymnastic athletes reach their maximum speed between 15–30 meters 

(Meyers et al., 2015). The distance of the runway before performing the jump in vault and 

tumbling events are maximum 25 meters, but the gymnasts decelerate before they jump on 

the springboard or trampoline. The sprints performed on the floor routine are even shorter 

than that, which means that it is very unlikely that a gymnast reaches his or her maximum 

speed in any event in gymnastics and the maximum speed is considered to not be that 

important as acceleration itself for gymnasts.  

Schärer et al (2019) showed in their recently published study a strong significant 

correlation between run-up speed and D score, which indicates the difficulty of the vault and 

height of flight for vaulting styles, handspring, Tsukahara and Yurchenko on female artistic 

gymnasts who competed in 2016 European Championships. The same study showed a 

significant correlation between run-up speed and a D score, height, and length of the flight of 

Tsukahara and Yurchenko vaulting styles in male artistic gymnasts who competed in the 
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same Championship. Also, elite females, competitors achieved higher run-up speed than 

junior females only performing Yurchenko vault, but elite males showed higher run-up speed 

than junior males performing other vaulting styles, handspring, and Tsukahara (Schärer et al., 

2019).   

 

1.3.2. Strength  
Strength is defined as the maximum amount of energy released per unit of time or the force 

or torque a muscle or a muscle group can generate (Conlon et al., 2013; Mihaela & Simona, 

2017). In gymnastics, both individual muscles and muscle groups are used, and all forms of 

strength, but the explosive and static strength are the most important ones in gymnastics. 

Strength in the upper and lower body is required to successfully perform a dynamic and static 

set of movement skills in sequence, as well as move their body through various positions 

(George et al., 2013; Moeskops et al., 2019). Gymnasts are considered to be the strongest 

athletes in the Olympics when strength is measured in relation to the body weight (George et 

al., 2013).  

Gymnasts perform all kinds of vaults, jumps and leaps in every event, whether they 

are small, short, or complicated ones (Tabakovic et al., 2016). Even though events do not 

include many jumps, they have to be finished with a dismount, where the athlete needs to 

perform a jump from the apparatus to the ground. The muscle strength, especially eccentric 

strength in the lower limbs, is important for rebounding from the floor and vaulting during 

various types of somersaults and to be able to handle all landings after the jumps, especially 

from very high altitude (Hall et al., 2016).   

Those movements, like landing after complicated jumps with double rotations, puts a 

strain on the spine; therefore it is very good for the gymnast to have strength around the core 

area, too. Core strength helps with the movements that require isometric strength and to hold 

a sequence of technical shapes in both dynamic and static conditions (Moeskops et al., 2019). 

Muscles that surround core support the spine area, then the movement is performed and 

prevents too much strain being put on the spine (Wade et al., 2012). In addition, the core 

strength increases the balance, which is also very important in a lot of gymnastic movements.  

The strength of the upper limbs is also very important in gymnastics for vaulting, 

pommel horse, parallel bars, and rings, especially for static hold elements (George et al., 

2013). The elements and movements performed on those apparatus, like iron cross, inverted 

cross and swallow, require high activity levels and muscles of the forearms and hands, which 
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also involves gripping strength. Handgrip strength in known as a good predictor of total 

muscular strength, where good handgrip strength helps to lift more weight and to hold the 

weights for a longer time (Ruprai et al., 2016).  

 

1.3.3. Power  
Power is the ability to exert a maximum strength in as short amount of time as possible and is 

defined as a product of force and velocity (Conlon et al., 2013). Therefore, it is important to 

be both strong and fast to be able to generate power in the execution of movements. Studies 

show that the individuals who are strong are fast; it is easier for them to generate the power 

(Comfort et al., 2014). The gymnasts performs a lot of forceful high velocity actions, such as 

leaps, jumps and tumbles, ranging from small short jumps to high jumps with turns (French et 

al., 2004). The explosive power in lower limbs is necessary for the gymnast to be able to 

perform repeated jumping skills and fast movements like a take-off from the ground during 

floor exercises or during sprint on a runway before performing complicated jumps on a vault 

and trampet events whilst maintaining body control (Hall et al., 2016; Sterkowicz-Przybycień 

et al., 2019).  

 

1.3.4. Agility and Coordination 
Agility is defined as ability to start and stop quickly, and the ability to maintain and control 

the body positions while quickly changing directions through a series of movements (Sekulic 

et al., 2013; Šimonek et al., 2017). Agility in gymnastics appears when performing 

movements in different directions such as forward, backward, rotational, and lateral. 

Strength, speed and balance are the factors that affect agility improvement and help with 

control of the body position when performing complex skills (Sekulic et al., 2013). 

Coordination is defined as the ability to coordinate movements and actions in time, 

space, and effort (Dimitrova, 2015). Coordination is one of several factors that has been 

identified as contributing to performance in gymnastics and may have a practical implication 

in talent identification (Petkovic et al., 2017). 

 

1.3.5. Energy System  
The anaerobic system provides the body with the explosive short term energy without 

oxygen. ATP PCr system is the energy system that handles energy production at a high 

intensity for a short period of time, where the intensity is 90–100% of the maximum and lasts 
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about 3–15 seconds. The aerobic system allows the body to work for a longer period of time 

at a low or medium intensity, like standing, walking, jogging, or long-distance running. An 

oxidation system is the energy system that handles energy production at a low or medium 

intensity for a longer period of time.  

 The duration of performance in gymnastics depends on the apparatus. The 

performance on the vault and each round on trampet apparatus lasts about 5 seconds, but 

some events, like the floor, can last up to more than 2 minutes. Because of the short duration 

and explosiveness of the sport, the main energy system in gymnastics is the anaerobic system 

or ATP PCr (Moeskops et al., 2019). Gymnasts use the anaerobic energy system on events 

like a vault, tumble, trampet and then performing all kinds of versions of explosive routines 

like, rotations, leaps, jumps, short runs and sprints (Moeskops et al., 2019).  

In gymnastic competitions movements like walking, jogging, or long-distance running 

is almost never implemented, and the aerobic capacity is not considered to be the key 

determinant of performance because the movements performed in gymnastics are not similar 

(Moeskops et al., 2019). However, the aerobic capacity is not unnecessary, because it has 

been shown that gymnasts attain VO2max as high as 85% following longer duration routines, 

such as the floor (M. Marina & Rodríguez, 2014). Additionally, the aerobic training, like 

long-distance running has been a part of training in gymnastics, because good aerobic 

endurance is believed to help with recovery after maximum effort which helps to sustain a 

higher level of performance and reduce the likelihood of injuries (Jemni et al., 2006; 

Moeskops et al., 2019). A few decades ago, the long-distance running training was also used 

to control gymnasts bodyweight, especially for women (Jemni et al., 2006).  

Heart rate data has been investigated for artistic gymnasts on each apparatus. The 

average maximal heart rate for female artistic gymnasts was found to be between 184.6–

195.3 beats per minute on the floor, balance beam and uneven bars apparatus, and 164.4 beats 

per minute for vaulting apparatus (M. Marina & Rodríguez, 2014). The average maximal 

heart rate for male artistic gymnasts was found to be between 180.17–186.0 beats per minute 

on the floor, pommel horse, parallel bars and horizontal bar apparatus and 161.71 for vaulting 

apparatus (rings apparatus was not included in the study) (Jemni et al., 2000). When 

performing high-intensity routines in competition, gymnasts work to their metabolic 

thresholds, indicating the need for high intensity (Moeskops et al., 2019).  
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1.3.6. Flexibility 
Flexibility is defined as a range of motion available at a joint or in a group of joints (Junior et 

al., 2017). The ability to perform movements with a big range of motion allows the gymnast 

to have movements more rational and contributes to the appearance of a beautiful and light 

movement (Özer & Soslu, 2019; Sumer et al., 2019). In addition, to increase the range of 

motion, flexibility also helps gymnasts with an expression of movements of the limbs and 

body technique, as well as improves their stability and balance in order to achieve specific 

positions and high performance (Boligon et al., 2015; G. Dallas et al., 2014; Junior et al., 

2017). Flexibility can be increased by both static and dynamic stretches, but nevertheless, 

various factors can affect how flexible individuals are, such as joint structure, muscle 

viscosity, muscle and ligament lengths, connective tissue elasticity, body type and gender 

(Basturk & Marangoz, 2018; G. Dallas et al., 2014). Females are more flexible than males 

because the number of connective tissues is higher in males (Basturk & Marangoz, 2018). 

Connective tissue flexibility has the effect of improving joint movement width, 

musculoskeletal sensitivity, and muscular performance (Özer & Soslu, 2019). 

 

1.3.7. Balance  
Balance is defined as the ability to maintain a physical balance and stability in static and 

dynamic positions with minimal muscle activity against changes in the body´s center of 

gravity (Özer & Soslu, 2019; Poliszczuk et al., 2012). The balance is divided into two types, 

static and dynamic. Static balance is the ability to hold the balance in a certain position, while 

the dynamic balance is the ability to hold the balance of the whole or part of the body in 

motion (Özer & Soslu, 2019). Ability to hold the balance and stability plays an important role 

in several sports and can be a limiting factor of performance in the sports that requires 

execution of complicated acrobatic movements where the body is constantly moved from one 

position to another like in gymnastics (Özer & Soslu, 2019; Poliszczuk et al., 2012; 

Zemková, 2014). The smallest loss of balance performing the routine affects the score the 

athlete will receive and is especially important when landing after a dismount from an 

apparatus in the final phase of routines (Özer & Soslu, 2019; Sterkowicz-Przybycień et al., 

2019). It varies according to apparatus how much balance it requires from the gymnast, for 

example, how many limbs are in contact with apparatus, as well as how balanced the 

apparatus is itself, for example, handstands maintains different stability when performing it 

on the floor, balance beam, parallel bars, or the rings (Moeskops et al., 2019).  
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1.4. Performance In Competition  
Performance in competition in artistic gymnastics depends on the perfect trade-off between 

the complex and difficult technical skills on each apparatus and the physical fitness ability 

(Mkaouer, Hammoudi-Nassib, et al., 2018). Gymnasts should demonstrate gymnastic, artistic 

and choreographic movements with perfect technique, confidence, and creativity (Lee et al., 

2019).  

Gymnasts are judged by skills and movements they perform in competition and how 

well they hold a sequence of technical shapes in both dynamic and static conditions 

(Moeskops et al., 2019). The intensity and level of difficulty have increased with every 

Olympiad, and the expectations from the gymnasts are higher than ever (Jemni et al., 2006). 

On all events, gymnasts are expected to perform their routines within a permitted time with 

maximum elements that have connections and highest difficulty, and at the same time, 

minimal execution deductions (Lee et al., 2019). In official competitions in artistic 

gymnastics such as the Olympics, World- and European Championships after the gymnasts 

compete on all six or four events, the best eight gymnasts in each event qualify for the single 

event final (Rohleder & Vogt, 2019).  

 

1.5. Scoring System  
Code of Points (CoP) is a scoring system in gymnastics and can be a little bit complex. The 

routines in all events should be adapted to the currently valid Code of Points which is 

provided by the International Gymnastics Federation (FIG) for artistic gymnastics and by the 

European Union of Gymnastics (UEG) for TeamGym. The CoP for artistic gymnastics are 

revised after each Olympic Games and the CoP for TeamGym are revised after every second 

European Championship, which is the same year as the Olymic Games (Rohleder & Vogt, 

2019). The purpose of CoP is to evaluate gymnastics exercises at all levels of regional, 

national, and international competitions (FIG, 2017a). This way, the CoP helps the gymnast 

and the coach to compose their routines and prepare for competition.  

 Judging rules have changed from the very beginning, but the biggest change was 

made in 2006. Before that, the scoring system was a maximum 10 points for each routine, but 

now it is changed into a score of difficulty and score of performance or execution for each 

routine, which together is more than 10 points for each routine in top competitions 

(Nakasone, 2015). The scoring system for artistic and TeamGym are very similar, but there 

are some differences.  
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1.5.1. CoP – Artistic Gymnastics  
Gymnasts gets a D and E score for performance on each event. The points for D score are 

given for difficulty, composition and connection of the performed skills. For example, in the 

floor event, fulfilled elements can give the athlete about 3.1 points for difficulty, 2.0 points 

for composition requirements, and 0.6 points for connection value, which totals 5.7 points for 

D score (FIG, 2017b). The D score has different difficulty values for each element on each 

apparatus which is arranged from the letter A to J in women’s artistic gymnastics and from 

the letter A to H in men’s artistic gymnastics, where the athlete can get 0.10 – 1.0 points for 

each element of difficulty value. The points increas by 0.1 for each difficulty value from 

letter A to the letter J (FIG, 2019). The difficulty value A gives 0.1 points, difficulty value B 

gives 0.2 points, and so on (FIG, 2017b, 2017a). The D score is given by two judges, who 

judge performed difficulty elements (FIG, 2017a, 2017b).  

The E score is given for execution and artistry, or how well the skills are performed. 

The E score can be maximum 10 points for the perfection of execution, combination, and 

artistry of presentation (FIG, 2017b). Gymnasts starts with 10 points, and the judges work 

backwards from 10 deducting points for technique, artistry and errors, like stepping out of the 

floor area or falling off the beam. For every small mistake, 0.1 points are deducted, for 

medium mistakes 0.3 points are deducted, for big mistakes 0.5 points are deducted, and very 

big mistakes like a fall, cause a deduction of 1.0 points. Gymnasts can lose points from the E 

score if not enough elements are performed. To earn 10 points in E score, the gymnast needs 

to perform at least seven or more elements from element groups to appropriate apparatus. The 

4.0 points are deducted from 10 if the athlete does only 5–6 elements; 6.0 points deducted if 

the athlete does 3–4 elements; 8.0 points deducted if the athlete does 1–2 elements; and 10 

points deducted if the athlete does not perform any elements (FIG, 2017a). The E score is 

given by seven judges in Olympic Games and World Championship, but by only two to five 

judges in other international competitions. At the end of the routine, the E score is the 

average of points from all judges, if the judges are two or three, but if the judges are four or 

more, the E score is calculated by taking out the points of two judges, the highest and the 

lowest ones, so the E score is the average of points from judges in the middle (FIG, 2017a, 

2017a).  

The final score for the routine, is the sum of the D and E scores (FIG, 2017b). The 

final score decides who is the winner of the event (Schärer et al., 2019). The total score is the 

sum of the final scores in all four or six apparatus (FIG, 2017b). 
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1.5.2. CoP – TeamGym 
As in artistic gymnastics, the TeamGym gymnasts get the D and E score for their 

performance on the apparatus. In addition, in TeamGym a C score is given for composition. 

On the floor event there is a possible maximum of 4.0 points and on the tumble and trampet 

event is a possible maximum of 2.0 points (UEG, 2017). 

The D score is given for all approved elements of difficulty for each apparatus. On the 

floor event, the elements should meet the requirements in the element groups A1 and A4. On 

the tumble and trampet events, the elements should meet the requirements in the element 

groups A2, A3, and A4 (UEG, 2017).  

The E score is given for perfection of execution, combination and artistry of 

presentation. The maximum points for execution can be 10 if no failures are made in the 

performance of the event. On the floor event points are deducted for faults in execution and 

choreographic requirements, and on the tumble and trampet events points are deducted from 

10 for execution only. On the floor event, the E score is the sum of the execution faults 

deducted from 10. Each round of the tumble and trampet events are judged and the E score is 

the average of the sum of the execution faults for each round deducted from 10 (UEG, 2017).  

The D and C score for the floor event is given by four judges, but  only two scores are 

used, which are the average of two middle scores. The tumble and trampet events are judged 

by two judges. The E score is judged by four judges on all apparatus. For example scoring in 

floor routine could be 3.0 points for composition, if one component is missing, 5.7 points for 

all difficulty elements performed, and 8.4 points for E score. The final score for the floor 

event would be 17.1 points. To calculate the total score for the team, the scores for all three 

events are put together (UEG, 2017).  
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2. Current Study  
The objectives of this study are two:  

1. The main objective of this study is to analyze the correlation between performance in 

competition and performance in physical measurements in male and female artistic- and 

TeamGym Icelandic gymnasts. This objective is further divided into three smaller 

objectives:  

a. To calculate the correlation for D–, E– and final score on all six apparatus for male 

artistic gymanstics: the floor, the pommel horse, the still rings, the vault, the parallel 

bars, and the horizontal bar from 2019 Icelandic Championship with the physical 

measurements of handgrip strength, thigh strength, rings hold, sprint, agility, vertical 

jump, shoulder– and hip flexibility, hand standing, hanging pikes, hand standing 

push-ups, pull-ups, and balance. 

b. To calculate the correlation for D–, E– and final score on all four apparatus in 

female artistic gymnastics: the vault, the uneven bars, the balance beam, and the 

floor from 2019 Icelandic Championship with physical measurements of handgrip 

strength, rope climbing, sprint, agility, vertical jump, shoulder– and hip flexibility, 

hand standing, hanging pikes, pull-ups, and push-ups.   

c. To calculate the correlation for D–, E– and final score on two apparatus in 

TeamGym gymnastics: the tumble and the trampet from 2019 Icelandic 

Championship with physical measurements of handgrip strength, thigh strength, 

rope climbing, sprint, vertical jump, shoulder– and hip flexibility, hand standing, 

hanging pikes, push-ups, pirouette balance, presses up into a hand stand, and 500 

meter row.  

2. An additional objective is to analyze the correlation between the physical measurements 

that male and female artistic– and TeamGym gymnasts participated in.  
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The Manuscript  
On the following pages is a manuscript of the current study as it will be submitted for 

publication. It includes the introduction, methods, results, discussion, conclusion, limitations, 

and references. The reference page for the entire thesis follows immediately after the 

manuscript.  
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3.  The Manuscript of the Study  

Abstract  
 
Introduction: Gymnastic sports requires gymnasts to perform complex skills on various 

apparatus to suceed in competition. Performance in competition is judged by how difficult 

elements are performed and by the execution of those elements. Few studies have 

investigated a correlation between performance in competition and physical ability. The main 

objective of the current study is to analyze the correlation between performance in 

competition and physical ability in Icelandic gymnasts.  

Method: Data was collected on physical fitness attributes based on GFMT measurement 

package from Icelandic gymnasts (Male Artistic (14), Female Artistic (22) and TeamGym 

(17)) and correlation to competition score was examined. 

Results: Male artistic gymnasts displayed a significant correlation on all six apparatus with at 

least one physical measurement, the strongest correlation displayed the D score on parallel 

bars, 0.801 with three measurements. Female artistic gymnasts displayed a significant 

correlation on two apparatus with at least one physical measurement, strongest correlation 

displayed the D score on the vault apparatus, 0.915 with three measurements. TeamGym 

gymnasts displayed a significant correlation on both apparatus with at least one physical 

measurement, strongest correlation displayed the D score on trampet apparatus, 0.963 with 

four measurements. 

Conclusion: Different physical measurements displayed a correlation with the scores on 

different apparatus. The gymnasts that perform well in some of the physical measurements 

are more likely to score high in competition. 

 

Keywords: Relationship, fitness, score, artistic gymnastics, TeamGym, Icelandic.  
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Introduction  
Gymnastics is a very popular sport, with an estimated 50 million participants in the world 

(Moeskops et al., 2019). A few forms of gymnastics exist, like acrobatic, aerobic, artistic, 

rhythmic, trampoline, parkour, and TeamGym (Moeskops et al., 2019). In Iceland, two main 

gymnastics forms are practiced: artistic– and TeamGym gymnastics, with 14.685 participants 

in 2018 (The National Olympic and Sports Association in Iceland, 2019).  

Artistic Gymnastics  

Artistic gymnastics is the most popular form of gymnastics in the world and one of the oldest, 

most popular and demanding sports in the Olympic Games (Bango et al., 2017; Moeskops et 

al., 2019; Nakasone, 2015; Vandorpe et al., 2011). Artistic gymnastics is an individual sport 

practiced by both male and female athletes, where they compete on various apparatus. Male 

artistic gymnasts compete on six apparatus: the floor, the pommel horse, the rings, the vault, 

the parallel bars, and the horizontal bar (Bango et al., 2017; Sleeper et al., 2016). Female 

artistic gymnasts compete on four apparatus: the vault, the balance beam, the uneven bars, 

and the floor (Moeskops et al., 2019; Sleeper et al., 2012). Movements and demands are quite 

different from one apparatus to another, and some of them are more or less demanding than 

others (Mkaouer, Jemni, et al., 2018). 

Male Artistic Gymnastics 

Performance on six different apparatus requires a lot of specific movements. In men´s artistic 

gymnastics are evaluated approximately 800-1000 exercises on all six apparatus; there the 

elements on each apparatus are divided into structural groups (Nakasone, 2015; Veli\vcković 

et al., 2016). The floor routine requires the gymnast to display both acrobatic and non-

acrobatic elements of strength, balance, and flexibility, as well as choreographic 

combinations (FIG, 2017a; Rohleder & Vogt, 2019). The pommel horse routine is mainly 

based on a single fundamental skill called circles, such as circular swings with legs apart and 

together, single-leg swings, scissors, and swings through to the handstand position with and 

without turns (FIG, 2017a). The rings are the most unstable apparatus in male artistic 

gymnastics, which requires a lot of strength and balance in the upper limbs (Bango et al., 

2017). An athlete should perform a maximum of seven strength hold elements that must be 

held in a perfect position for at least two seconds (Bango et al., 2017). The vault routine 

requires the gymnast to perform one vault, except in qualification for finals, the athlete must 

perform two vaults from different element groups with a different second-flight phase 

(Fernandes et al., 2016). The parallel bars include mostly swing elements and elements with a 
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flight phase, performed in the lateral or front position, on one or two bars (Veli\vcković et al., 

2016). The horizontal bar routine requires the gymnast to present a fluid connection of 

swinging, turning, and flight elements, both near and far from the bar (FIG, 2017a). 

Female Artistic Gymnastics  

The female artistic gymnastics, approximately 700 elements are evaluated on all four 

apparatus. Elements on each apparatus are divided into 5 or 6 structural groups (Čuk, 2016). 

The vault event includes the run towards a springboard and performance of the leap over the 

vaulting table, where the gymnast must perform one vault, except in qualification for finals 

and in finals, the gymnast must perform two vaults from different element groups with a 

different second-flight phase (Fernandes et al., 2016). The routine on uneven bars requires 

the gymnast to perform both forward and backward rotations, circles, flight from the high bar 

to the low bar or reversed, counter-flight over the bar, and rotational reversal swings on a low 

and a high bar (FIG, 2017b; Hucher et al., 2015). The routine on the balance beam requires 

the gymnast to show the confidence of performance, and personal style, as well the routine 

must be smooth, have continuous flow with choreography elements, and a sense of rhythm 

(FIG, 2017b; Lee et al., 2019). The floor routine requires the gymnast to demonstrate a strong 

choreographic flow, artistry, musicality, expressiveness and perfect technique of elements 

(FIG, 2017b). 

TeamGym 

TeamGym is a relatively new sport originating from Scandinavia, where the first 

international competition was held in 1996 (Minganti et al., 2010; UEG, 2017). TeamGym, 

like the name shows is a team sport with 8–12 members in female, male, or mixed teams, and 

they exhibit their skills with music on three apparatus: the floor, the tumble, and the trampet 

(De Pero et al., 2013; UEG, 2017). Three rounds are performed on the tumble and trampet 

apparatus, and only six members of the team perform for each round (De Pero et al., 2013; 

UEG, 2017). The floor routine requires all the team members to perform the routine with 

rhythmic dance and choreographic elements. The routine should be performed in different 

directions, show transitions from one formation to another with gymnastic quality, and move 

in different planes. Requirements for composition elements include flexibility elements, 

group element, rhythmic sequence, and difficulty distribution (UEG, 2017). The tumble event 

requires the team to perform three different acrobatic rounds with at least three different 

elements consecutively and close to each other. At least one round must be with forward 

elements, one with backward elements, and for one round, there is no requirement (UEG, 
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2017). The trampet event requires the team to perform three rounds with different elements. 

In the first round, all the members perform the same element. In the second and third rounds, 

the members perform the same elements or increase difficulty. At least one round must use 

vaulting apparatus and a leap performed over the vaulting table (UEG, 2017).  

Physical demands  

Physical demands are similar for both artistic and TeamGym gymnasts because they 

demonstrate many of the same skills, such as acrobatic and dance skills (Lund & Myklebust, 

2011). Speed, strength, power, agility, coordination, anaerobic capacity, flexibility, and 

balance are the demands that are necessary for a gymnast to be able to demonstrate 

complicated movements and skills on various apparatus and play a role in success in the 

competition (Bango et al., 2017; Michel Marina & Jemni, 2014; Moeskops et al., 2019). They 

promote movements like bounding, tumbling, turning, jumping, sprinting, arm standing, leg 

and arm tossing, flighting, static and dynamic posture, rapid accelerations, and decelerations, 

and pulling and pushing with balance and artistry. All those movements are performed on 

different apparatus and have a very high demand of execution (G. C. Dallas et al., 2017; 

Mkaouer, Hammoudi-Nassib, et al., 2018; Özer & Soslu, 2019). The ability to perform these 

movements on various apparatus requires a lot of specialized training and continuous 

development of new and increasingly complex skills with heightened physical demands (Hall 

et al., 2016; Michel Marina & Jemni, 2014). Because of how specific the gymnastic sport is, 

gymnasts must prepare gradually over several years to develop their physical fitness and 

skills. To reach the elite level in gymnastics, the athlete needs 8–10 years of preparation and 

many hours of dedicated practice (Pion et al., 2015).  

Performance in competition  

Performance in a competition is judged by skills and movements gymnasts demonstrate such 

as artistic and choreographic movements with perfect technique, confidence, and creativity, 

and how good they hold a sequence of technical shapes (Moeskops et al., 2019). On all 

events, the gymnasts are expected to perform their routines within permitted time with 

maximum elements that have connections and highest difficulty, and at the same time, 

minimal execution deductions (Lee et al., 2019). The level of difficulty of the elements has 

increased from very beginning and are revised every four years (Jemni et al., 2006).  
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Scoring system  

The scoring system in gymnastics is called Code of Points (CoP) and can be a little bit 

complex. It is provided by the International Gymnastics Federation (FIG) for artistic 

gymnastics and revised after each Olympic Games, and by the European Union of 

Gymnastics (UEG) for TeamGym and revised after everey second European Championship, 

same year as the Olympics (Rohleder & Vogt, 2019). The purpose of CoP is to evaluate 

gymnastics exercises, to compose their routines, and prepare for competition (FIG, 2017a). 

There is some difference in the CoP for artistic gymnastics and TeamGym gymnastics.  

In artistic gymnastics is given a D and E scores for performance on each apparatus. 

The D score is given for difficulty, composition, and connection of the elements. The E score 

is given for execution and artistry. The final score for the routine is the sum of the D and E 

scores. The D score can vary greatly and has no limit, for each fulfilled element is given from 

0.1 to 1.0 points, which depends on difficulty value, and for composition is given a maximum 

2.0 points. The E score can be maximum 10 points for the perfect execution, combination, 

and artistry. The judges work backward from 10 points, by deducting points for errors in 

technique and artistry. Points are also deducted if not enough elements are performed (FIG, 

2017b). 

In TeamGym is also given D and E scores as in artistic gymnastics, but in addition is 

given C score for composition, where on the floor event is a possible maximum of 4.0 points 

and on the tumble and trampet events are possible maximum of 2.0 points. The D score is 

given for all approved elements of difficulty for each apparatus, and the E score is given for 

execution. For the floor event, the E score is the sum of the execution faults deducted from 

10. For the tumble ant trampet events, each round is judged and the E score is the average of 

the sum of execution faults for each round deducted from 10. The final score is the sum of the 

D–, E– and C  scores for each event (UEG, 2017). 

Although the relationship between performance in competition and physical ability 

seems to be logical, the correlation between these factors has never been investigated for all 

scores on all apparatus, as far as can be determined. Though recently, Schärer et al (2019) 

investigated the relationship between the run-up speed and the D score on the vault apparatus 

in artistic gymnastics in European Championship 2016. They displayed a strong significant 

correlation between the run-up speed and D score, which indicates that the faster gymnasts 

are able to perform more difficult vaults (Schärer et al., 2019).   



	 34	

The main objective of the current study was to analyze the correlation between 

performance in competition and performance in physical measurements in Icelandic artistic 

and TeamGym gymnasts. To calculate the correlation between D–, E– and final score from 

the Icelandic Championship on all apparatus (except floor in TeamGym) with the physical 

measurements. In addition, to analyze the correlation between the measurements that male– 

and female artistic gymnasts and TeamGym gymnasts participated in.  

 

Methods  
Participants  
Participants were 53 artistic– and TeamGym gymnasts who competed in the Icelandic 

Championship and participated in physical measurements. All participants were in senior or 

junior Icelandic national teams in gymnastics or in the selection group for the national team 

by the time when measurements were performed. The general characteristics and ability of 

participants in this study can be seen in Tabels 2a, 2b and 2c.  

 

Measurements  
Measurements were different for male artistic–, female artistic–, and TeamGym gymnasts. 

The measurements for artistic gymnasts were from The Gymnastics Functional Measurement 

Tool (GFMT), which includes 10 different evaluated tests for males and females, described in 

articles by Sleeper et al (2012, 2016). In addition to GFMT, gymnasts performed some other 

tests as well. 

 Measurements for TeamGym were the same for both male and female because both 

genders compete on the same apparatus. Some of the measurements that TeamGym gymnasts 

participated in were the same as in artistic gymnastics or similar, and some of the tests were 

decided to perform in consultation with the coaches.  

The measurements that all gymnasts participated in are listed in table 1. The 

description of each test of GFMT can be seen in articles by Sleeper et al (2012, 2016). 
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Table 1. Measurements That All Three Groups Participated in.	

Male artistic gymnastics Female artistic gymnastics TeamGym 

Height and weight Height and weight Height and weight 

Handgrip strength Handgrip strength Handgrip strength 

Thigh strength  Thigh strength 

Countermovement – and squat 

jump (GFMT) 

Countermovement – and squat 

jump (GFMT) 

Countermovement – and squat 

jump (GFMT) 

20 – yard and 20 – meter sprint 

(GFMT)  

20 – yard and 20 – meter sprint 

(GFMT) 

20 – yard and 20 – meter sprint 

(GFMT) 

Rings hold (GFMT   

 Rope climbing (GFMT) Rope climbing (GFMT) 

Hanging pikes on horizontal bar 

(GFMT) 

Hanging pikes on uneven bars 

(GFMT) 

Hanging pikes on rims 

(GFMT)  

Agility test (GFMT)  Agility test (GFMT)  

Pull – ups on horizontal bar 

(GFMT) 

Pull – ups on uneven bars 

(GFMT) 

 

Hand standing push – ups 

(GFMT) 

Push – ups (GFMT) Push – ups (GFMT) 

Hand standing on parallel bars 

(GFMT) 

Hand standing on a low balance 

beam (GFMT) 

Hand standing on gymnastic 

floor (GFMT) 

Shoulder flexibility (GFMT) Shoulder flexibility (GFMT) Shoulder flexibility (GFMT) 

Hip flexibility (GFMT) Hip flexibility (GFMT) Hip flexibility (GFMT) 

Dynamic balance (GFMT)  Pirouette balance  

  Presses up into a hand stand  

  500 – meter row  

 

• Height and weight: to measure height and weight was Seca830 weight and height 

measurement tool used. The gymnast was asked to stand on the weight straight while 

measuring weight and height.  

• Handgrip strength: to measure handgrip strength, a computer program called Vernier 

Graphical Analysis was used, and a special handle was connected to the computer 

program. The gymnast was asked to sit on the chair with the back straight, elbow in 90°, 

hold the handle and squeeze it as fast as possible without moving the hand up, down, or to 

the sides. The same procedure was repeated with another hand.  

• Thigh strength: The Baseline push-pull dynamometer was used to measure thigh strength. 

To measure the strength of the front of the thigh, the gymnast was asked to sit on the high 
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gymnastic mat (similar height as a chair) and bend his leg a little bit so the knee would be 

in 120°. The measurement tool was put on the front of the calf, and the gymnast was asked 

to use his maximal force to extend the leg, while the instructor tried to hold the 

measurement tool still. To measure the strength of the back of the thigh, the gymnast was 

asked to lie down on the stomach and bend the leg so the knee would be in 120°. The 

measurement tool was put on the back of the calf, and the gymnast was asked to bend his 

knee towards the butt while the instructor tried to hold the measurement tool still.  

• Countermovement– and squat jump: to measure countermovement and squat jump height, 

a jumping mat was used. To measure jump height, the gymnast was asked to stand on the 

mat with hip-width between feet and jump as high as possible and land on the mat again. 

For countermovement jump, the hand swing was allowed and for squat jump, the hands 

should be on the hips while jumping. The gymnast got two tries to perform both jumps. 

• 20–yard and 20–meter sprint: the test was performed a similar way as the 20–yard sprint 

in GFMT, except 20–meter sprint was added, and to measure the sprint time, the Brower 

timing systems timing gate was used.  

• Hand standing on the gymnastic floor: the test was performed the same way as in GFMT, 

except on the gymnastic floor.  

• Hanging pikes on rims: the test was performed the same way as in GFMT, except on the 

rims.  

• Pirouette balance: to measure pirouette balance time a stopwatch was used and the test 

was performed on the gymnastic floor. The gymnast was asked to perform the pirouette 

and hold that position as long possible. The pirouette position is when the athlete stands on 

the toes with the sole of the other leg on the knee on the standing foot and holds that 

position without moving. The timer started when the gymnast was in pirouette position 

and stopped when he went out of the pirouette position. The gymnast got two tries to 

perform pirouette balance on each foot.  

• Presses up into a handstand: to measure presses up into a handstand, the repetitions were 

counted and the stopwatch was used to take the time. The test was performed on the 

gymnastic floor. The gymnast was asked to perform a dead press up into a straight 

handstand from standing position without any jump or swing. The gymnast was asked to 

perform as many presses as possible with a maximum 10 seconds pause between presses 

or a maximum 10 presses as fast as possible. The sign was given when the 10 second 

pause was over between presses.  
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• 500–meter row: rowing machine was used to perform a 500–meter row. The gymnast was 

asked to row 500 meters as fast as possible. The rowing machine was set to 500–meters at 

difficulty level six, and when the gymnast was ready and took the first row, the time 

started. The time stopped when the gymnast finished with the 500 meters.  

 

Procedures  
Before testing the physical performance, all participants did a good warm-up to ensure 

maximal performance and minimize the risk of injury. Data for scores for artistic gymnastics 

was collected from the Icelandic Gymnastic Federation website, www.fimleikasamband.is. 

The scores for TeamGym from Icelandic Championships were video analyzed by 

international judge.  

 

Statistical Analysis  
The independent variables were the physical measurements that each group participated in, 

and the dependent variables were the scores on the apparatus that each group competes on. 

All variables were inspected for the normality (Kolmogorov-Smirnov) test and were all found 

to have normal distribution. Age, BMI, height and weight data were presented as mean and 

standard deviation. Linear regression with a stepwise method was used to find the correlation 

between E–, D– and final scores on each apparatus with physical measurements. Bavarian 

correlation was used to analyze the correlation between measurements for each group. 

Correlation was considered to be significant at the level p<0.05. Correlation was defined as 

week from 0.1 – 0.3; moderate from 0.4 – 0.6; strong from 0.7 – 0.9; and perfect if it was 1.0 

(Akoglu, 2018).   
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Results  
The general characteristics of male artistic, female artistic, and TeamGym gymnasts can be 

seen in Table 2a, such as average age, BMI, height, weight and GFMT score. The ability of 

artistic gymnasts and their average score on each apparatus for male artistic– and female 

artistic gymnasts, and the percentage of score in Olympic Games can be seen in Tables 2b 

and 2c. The Icelandic TeamGym gymnasts are considered be one of the best ones in Europe 

(Icelandic Gymnastics Federation, 2018).  

 
Table 2a. Participants Who Competed in The Icelandic championship and Participated in Physical 
Measurements.	

 Age  
(year) 

M +/- SD 

BMI  
(kg/m2) 

M +/- SD 

Height  
(cm) 

M +/- SD 

Weight  
(kg) 

M +/- SD 

GFMT  
(of 100) 

M +/- SD 
Male artistic gymnastics (14) 18.2 (1.8) 19.8 (1.7) 175.3 (5.6) 69.6 (7.0) 61.0 (9.6) 
Female artistic gymnastics (22) 16.6 (3.3) 17.1 (2.6) 161.3 (6.1) 55.4 (9.8) 49.6 (8.7) 

TeamGym (17) 19.1 (1.7) 20.3 (2.4) 170.5 (7.0) 69.3(10.4) x 
   M = mean; SD = standart deviation 

 
Table 2b. The Performance of The Male Artistic Gymnasts in The Icelandic Championship.	

 Score 
M +/-SD 

Of Olympics 
Top 8 

Floor (13) 11.820 (1.232) 77% 
Pommel horse (13) 10.213 (1.750) 68% 
Rings (13) 10.864 (1.014) 70% 
Vault (12) 12.469 (0.978) 83% 
Parallel bars (12) 10.047 (2.451) 64% 
Horizontal bar (12) 10.403 (1.230) 70% 

 

 
Table 2c. The Performance of The Female Artistic Gymnasts in The Icelandic Championship.	

 Score 
M +/- SD 

% of Olympics 

Vault (20) 12.280 (0.560) 81% 
Uneven bars (22) 8.975 (1.827) 61% 
Balance beam (21) 9.998 (1.465) 70% 
Floor (20) 11.168 (1.017) 77% 
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Male Artistic Gymnastics  
All significant correlation that was found for male artistic gymnastics scores on each 

apparatus with the physical measurements can be seen in Table 3. Scores on all six apparatus 

displayed a correlation with at least one physical measurement. 
 

Table 3. Correlation Between Male Artistic Gymnastics Scores on Each Apparatus and Physical 
Measurements.	

Apparatus (score) Adjusted R p Variables  

Floor (D)  0.311 0.035 Strength of the back of the tight – left  

Pommel horse (E) 0.396 0.022 Balance 

Pommel horse (F) 0.547 0.017 Balance, hand standing 

Rings (D) 0.772 0.001 Agility test, rings hold 

Rings (E) 0.299 0.038 Hand standing  

Rings (F) 0.590 0.002 Countermovement jump 

Vault (F) 0.544 0.006 Strength of the back of the tight – left  

Parallel bars (D) 0.801 0.002 Hanging pikes, squat jump, pull-ups  

Parallel bars (F) 0.465 0.012 Agility test 

Horizontal bar (E) 0.565 0.005 Squat jump  

Horizontal bar (F) 0.724 0.002 Squat jump, hand standing push-ups  

  D – difficulty score; E – execution score; F – final score 

 

All correlations between physical measurements for male artistic gymnastics can be seen in 

Table 4.   
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Table 4. Correlation Between Measurements for Male Artistic Gymnastics.	

 Handgrip  
right (N) 

Handgrip 
left (N) 

TS front- 
right (kg) 

TS front-  
left (kg) 

TS back 
right  
(kg) 

TS back  
left  
(kg) 

CMJ  
(cm) 

SJ  
(cm) 

20-yard 
sprint  
(s) 

20-meter 
sprint  
(s) 

Rings 
hold  
(cm) 

Hanging 
pikes (n) 

Agility 
test (s) 

Pull–ups 
(n) 

HS push 
ups 
(n) 

HS 
(s) 

Shoulder 
flex (cm) 

Hip 
flex  
(cm) 

Balance 

Handgrip 
right (N) 

1                   

Handgrip 
left (N) 

0.823** 1                  

TS front- 
right (kg) 

0.591* 0.580* 1                 

TS front- 
left (kg) 

0.509 0.603* 0.754* 1                

TS back- 
right (kg) 

0.474 0.496 0.515 0.394 1               

TS back- 
left (kg) 

0.553* 0.381 0.549* 0.474 0.833** 1              

CMJ 
(cm) 

0.446 0.586* 0.395 0.406 0.605* 0.526 1             

SJ  
(cm) 

0.222 0.409 0.162 0.262 0.726** 0.595* 0.826** 1            

20-yard 
sprint (s) 

-0.404 -0.544* -0.275 -0.307 -0.656* -0.436 -0.468 -0.457 1           

20-meter 
sprint (s) 

-0.599* -0.641* -0.425 -0.654* -0.591* -0.463 -0.538* -0.401 0.692** 1          

Rings 
hold (cm) 

0.234 0.312 -0.030 0.255 0.223 0.182 -0.581* 0.453 -0.024 -0.557* 1         

Hanging 
pikes (n) 

0.476 0.248 0.248 0.091 0.408 0.537 0.346 0.130 -0.671 -0.501 -0.066 1        

Agility 
test (s) 

-0.307* -0.399 -0.187 -0.345 -0.625* -0.532 -0.609* -0.694** 0.582* 0.557* -0.309 -0.234 1       

Pull ups 
(n)  

0.187 0.213 -0.382 -0.137 -0.083 0.002 0.222 0.089 -0.051 -0.082 0.513 0.019 -0.156 1      

HS push- 
ups (n) 

0.115 0.034 -0.156 -0.305 0.204 0.362 0.382 0.439 -0.016 0.099 0.214 0.274 -0.448 0.256 1     

HS (s) 
 

-0.040 -0.405 -0.502 -0.445 -0.150 -0.094 -0.271 -0.206 0.111 -0.070 0.159 0.104 -0.112 0.044 0.265 1    

Shoulder 
flex (cm) 

0.143 0.097 0.345 0.126 0.038 -0.098 0.021 -0.175 -0.341 -0.263 -0.294 0.490 0.157 -0.492 -0.273 -0.079 1   

Hip flex 
(cm) 

-0.013 0.060 0.203 0.098 0.290 0.160 0.347 0.256 -0.519 -0.277 -0.082 0.600 0.001 -0.181 -0.158 -0.306 0.741** 1  

Balance  
 

0.285 0.372 0.324 0.203 0.170 0.067 0.363 0.211 -0.534* -0.418 0.010 0.583 -0.332 -0.377 0.043 0.003 0.454 0.309 1 

CMJ = countermovement jump; SJ = squat jump; TS = thigh strength; HS = hand standing 
** Correlation is significant at the 0.01 level 
* Correlation is significant at the 0.05 level 
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Female Artistic Gymnastics  

All significant correlation that was found for female artistic gymnastics scores on each 

apparatus with the physical measurements can be seen in Table 5. Scores on two apparatus 

displayed a correlation with at least one physical measurement. 

 

Table 5. Correlation Between Female Artistic Gymnastics Scores on Each Apparatus and Physical 
Measurements.	

Apparatus (score) Adjusted R p Variables  

Vault (D)  0.915 0.000 20 – meter sprint, shoulder flexibility, 

pull-ups  

Vault (E) 0.476 0.008 Hanging pikes  

Vault (F) 0.500 0.006 Hanging pikes  

Balance beam (E) 0.255 0.045 Rope climbing  

Balance beam (F) 0.247 0.047 Rope climbing  

   D – difficulty score; E – execution score; F – final score 

 

All correlations between physical measurements for female artistic gymnasts can be seen in 

Table 6.  
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Table 6. Correlation Between Measurements for Female Artistic Gymnastics.	

 Handgrip  
right (N) 

Handgrip 
left (N) 

CMJ 
(cm) 

SJ 
(cm) 

20- yard 
sprint 
(s) 

20- meter 
sprint (s) 

Rope 
climbing 
(s)  

Hanging 
pikes 
(n) 

Agility  
test (s) 

Pull- 
ups (n) 

Push- 
ups (n) 

HS (s) Shoulder 
flex (cm) 

Hip 
flex  
(cm) 

Handgrip 
right (N) 

1              

Handgrip 
left (N) 

0.883** 1             

CMJ  
(cm) 

0.521* 0.346 1            

SJ  
(cm) 

0.222 0.116 0.732** 1           

20-yard 
sprint (s) 

-0.485* -0.485* -0.432* -0.396 1          

20-meter 
sprint (s) 

-0.414 -0.521* -0.468* -0.353 0.876** 1         

Rope 
climbing (s) 

-0.466 -0.198 -0.413 -0.334 0.070 0.160 1        

Hanging 
pikes (n) 

-0.459 -0.505* -0.208 -0.111 0.488* 0.407 -0.145 1       

Agility test 
(s)  

-0.079 -0.040 -0.180 -0.329 0.134 0.114 0.723** -0.220 1      

Pull – ups 
(n)  

0.320 0.162 0.215 0.292 0.153 0.123 -0.283 -0.014 -0.020 1     

Push – ups 
(n)  

-0.168 0.140 -0.231 -0.065 -0.162 -0.263 0.020 0.146 0.128 0.287 1    

HS (s)  
 

0.495* 0.490* 0.309 0.207 -0.060 -0.075 -0.441 -0.296 -0.131 0.503* 0.043 1   

Shoulder 
flex (cm) 

0.152 0.067 0.020 -0.087 0.094 0.077 -0.330 0.399 -0.343 -0.024 -0.129 0.129 1  

Hip flex 
(cm)  

0.036 -0.123 -0.214 -0.315 0.268 0.301 0.181 0.199 0.185 0.065 -0.019 -0.245 0.330 1 

CMJ = countermovement jump; SJ = squat jump; HS = hand standing 
** Correlation is significant at the 0.01 level  
* Correlation is significant at the 0.05 level, 
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TeamGym 

All significant correlation that was found for TeamGym scores on each apparatus with the 

physical measurements can be seen in Table 7. Scores on both apparatus displayed a 

correlation with at least one physical measurement. 

 

Table 7. Correlation Between TeamGym Scores on Tumble and Trampet Apparatus and Physical 
Measurements.	

Apparatus (score) Adjusted R p Variables  

Tumble (D) 0.566 0.005 Countermovement jump  

Tumble (F) 0.326 0.039 Countermovement jump 

Trampet (D) 0.963 0.000 20 –  yard sprint, presses into a handstand, 

pirouette balance – right, push-ups  

Trampet (E) 0.915 0.000 20 – meter sprint, pirouette balance – left  

Trampet (F) 0.790 0.000 Presses into a handstand, pirouette balance – 

left 

  D – difficulty score; E – execution score; F – final score 

 

All correlations between physical measurements for TeamGym can be seen in Table 8.  



  

44	
	

Table 8. Correlation Between Measurements for TeamGym.	

 

 
Handgrip  
right (N) 

Handgrip 
left (N) 

TS front- 
right (kg) 

TS front-  
left (kg) 

TS back 
right  
(kg) 

TS back  
left  
(kg) 

CMJ  
(cm) 

SJ 
(cm) 

20-yard 
sprint  
(s) 

20-meter 
sprint  
(s) 

RC (s) Hanging 
pikes (n) 

Push 
ups 
(n) 

HS (s) Should
er flex 
(cm) 

Hip 
flex  
(cm) 

PB – 
Right (s)  

PB – 
left (s) 

Presses 
(n) 

500 m 
row (s) 

Handgrip 
right (N) 

1                    

Handgrip 
left (N) 

0.913** 1                   

TS front- 
right (kg) 

0.604* 0.699** 1                  

TS front- 
left (kg) 

0.813** 0.859** 0.902** 1                 

TS back- 
right (kg) 

0.763* 0.641** 0.661** 0.774** 1                

TS back- 
left (kg) 

0.627** 0.490* 0.643** 0.723** 0.927** 1               

CMJ  
(cm) 

0.679** 0.675** 0.406 0.550* 0.613** 0.520* 1              

SJ  
(cm) 

0.701** 0.672** 0.378 0.498* 0.520* 0.382 0.877** 1             

20-yard 
sprint (s) 

-0.546* -0.409 -0.134 -0.342 -0.583* -0.586* -0.842** -0.649** 1            

20-meter 
sprint (s) 

-0.586* -0.448 -0.158 -0.366 -0.579* -0.568* -0.767** -0.594** 0.954** 1           

RC (s) 
 

-0.626* -0.482 -0.452 -0.622* -0.712** -0.802** -0.514* -0.392 0.520* 0.453 1          

Hanging 
pikes (n) 

0.156 0.358 0.120 0.148 0.005 -0.038 0.282 0.404 -0.010 0.068 0.135 1         

Push ups  
(n) 

0.575* 0.567* 0.408 0.578* 0.597* 0.557* 0.735** 0.615* -0.572* -0.508* -0.567* 0.345 1        

HS  
(s) 

0.485 0.489 0.203 0.315 0.301 0.336 0.317 0.332 -0.227 -0.193 -0.441 0.400 0.500* 1       

Shoulder 
flex (cm) 

-0.022 0.038 0.095 -0.101 -0.093 -0.136 0.308 0.364 -0.090 0.003 0.092 0.289 -0.095 -0.048 1      

Hip flex 
(cm) 

-0.405 -0.230 -0.177 -0.326 -0.541* -0.516* -0.360 -0.325 0.607* 0.628** 0.415 0.454 -0.180 -0.028 0.377 1     

PB -  
right (s) 

0.245 0.091 -0.054 0.057 0.225 0.190 0.205 0.168 -0.344 -0.373 -0.143 -0.174 0.368 0.079 0.285 -0.115 1    

PB – left  
(s) 

0.160 0.165 0.017 0.076 -0.003 -0.121 -0.001 0.067 0.146 0.145 0.169 0.123 0.152 -0.135 0.351 0.378 0.685** 1   

Presses 
(n) 

0.378 0.562* 0.255 0.345 0.245 0.168 0.465 0.656* -0.154 -0.098 -0.150 0.754** 
 

0.484 0.615* 0.228 0.076 0.067 0.146 1  

500 m 
row (s) 

-0.892** -0.901** -0.775** -0.861** -0.679** -0.577* -0.667** -0.724** 0.386 0.389 0.611* -0.149 -0.481 -0.445 -0.235 0.219 -0.214 -0.243 -0.507 1 

CMJ = countermovement jump; SJ = squat jump; HS = hand standing; RC = rope climbing; PB = pirouette balance 
** Correlation is significant at the 0.01 level 
* Correlation is significant at the 0.05 level 
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Discussion  
The main findings of this study were that the different physical measurements displayed a 

correlation with the competition scores on different apparatus. The strongest correlation 

between the physical measurements was between similar measurements and almost between 

the same measurements for all three groups.  

 

Male Artistic Gymnastics 

Correlation Between Scores and Physical Measurements 

The D score on the floor displayed a weak significant correlation with the strength of the 

back of the thigh of the left foot. This demonstrates that the performance of difficult elements 

on the floor requires the strength of the back of the thigh of the left foot. The gymnasts 

perform all kinds of acrobatic elements, then performing the routine on the floor, and the 

strength in lower limbs is necessary to be able to perform them well (FIG, 2017b; Hall et al., 

2016; Tabakovic et al., 2016).  

The final score on the pommel horse apparatus displayed a moderate correlation with the 

balance and hand standing, and the E score a weak correlation with balance. This 

demonstrates that the performance on the pommel horse apparatus requires a balance, control 

of the core area, and the ability to hold a hand standing position. Which is exactly what the 

demands of the apparatus are (FIG, 2017a; Fujihara & Kobayashi, 2018).  

The D score on the rings apparatus displayed a strong correlation with agility and rings 

hold. The final score displayed a moderate correlation with countermovement jump, and the 

E score displayed a weak correlation with hand standing. This demonstrates that the 

performance on the rings apparatus requires an ability to sustain in the rings, as well as ability 

to hold a hand standing position, because the only contact that the gymnast has with the 

apparatus is hands and many elements performed on the rings include the hand standing 

position (FIG, 2017a). The strength and power in lower limbs are good for the landing after 

performing the dismount of the apparatus (Hall et al., 2016), and the agility reflects the 

strength and the speed (Comfort et al., 2014).  

The final score on the vault apparatus displayed a moderate correlation with the strength 

of the back of the thigh of the left foot. This demonstrates that the performance on the vault 

apparatus requires the strength in thigh when performing all kinds of salto and is neccesary to 

be able to handle the landings from high altitude (Hall et al., 2016).  
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The D score on the parallel bars apparatus displayed a strong correlation with hanging 

pikes, squat jump, and pull-ups, and the final score displayed a moderate correlation with 

agility. This demonstrates that the performance on the parallel bars apparatus requires the 

core and upper body strength which appears in all the swings performed on the apparatus 

(Veli\vcković et al., 2016). The lower body strength is good for the landing after performing 

the dismount of the apparatus (Hall et al., 2016), and the agility reflects the strength and the 

speed (Comfort et al., 2014).  

The final score on the horizontal bar apparatus displayed a strong correlation with the 

squat jump and hand standing push-ups, and the E score displayed a moderate correlation 

with the squat jump. This demonstrates that the performance on the horizontal bar apparatus 

requires the strength of the upper– and lower body. The upper body strength and the 

movement in hand standing–push ups are very similar to the elements performed on the 

apparatus, both near and far from the bar, and elements including hand standing position 

(FIG, 2017a). The strength and power in lower limbs are good for the landing after 

performing the dismount of the apparatus (Hall et al., 2016).   

 The handgrip strength, 20–yard and 20–meter sprints, and shoulder and hip flexibility 

measurements did not display a significant correlation with any score on any apparatus. It 

could be expected that the handgrip strength would display a significant correlation with 

scores on apparatus that require a handgrip strength, such a horizontal bar and parallel bars. 

Also, it could be expected that 20–yard and 20–meter sprints would display a significant 

correlation with scores on vault apparatus since the short sprint is a part of the performance in 

the vault apparatus and it has been displayed before a correlation between D score on the 

vault apparatus and the run-up speed (Schärer et al., 2019).  

 

Correlation Between Physical Measurements  

The significant correlation between physical measurements for male artistic gymnasts was 

mainly between several measurements: the handgrip strength, thigh strength, 

countermovement and squat jumps, 20–yard and 20–meter sprints, and agility test. These 

measurements displayed either moderate or strong correlation between each other. This 

results are in line with other studies that indicate the relationship between the strength, speed, 

power, and agility (Comfort et al., 2014; Sekulic et al., 2013).  



	 47	

 Shoulder flexibility displayed a strong correlation with hip flexibility. The balance 

test displayed a moderate correlation with the 20–meter sprint. The rings hold displayed a 

moderate correlation with countermovement jump and 20–meter sprint.  

 The hanging pikes, pull-ups, hand standing push-ups, and hand standing did not 

display a significant correlation with any physical measurements. 

  

Female Artistic Gymnastics  

Correlation Between Scores in Competition and Physical Measurements 

The D score on the vault apparatus displayed a strong correlation with 20–meter sprint, 

shoulder flexibility, and pull-ups. The E– and final score displayed a moderate correlation 

with hanging pikes. This demonstrates that the performance on the vault apparatus requires 

the speed, shoulder flexibility, and strength in upper body and core. Schärer et al (2019) 

recently demonstrated the correlation between run-up speed and D score on the vault 

apparatus, which is exactly one of the correlations that was found here. Shoulder flexibility 

and the strength in the upper body and core can be useful to get the better push from the 

vaulting table and to be able to perform more difficult vaults. 

The E– and final score on the balance beam apparatus displayed a weak correlation with 

the rope climbing. This demonstrates that the performance on the balance beam apparatus 

requires the strength in the upper body and core. The core strength helps with movements 

that require isometric strength and to hold a sequence of techincal shapes, as well as the core 

strength increases the balance and helps with the control of the body positions, which is the 

key on the balance beam apparatus (Moeskops et al., 2019).  

The scores on the floor and uneven bars apparatus did not display a significant correlation 

with any physical measurements.  

 The handgrip strength, countermovement and squat jumps, 20–yard sprint, agility test, 

push-ups, hand standing, and hip flexibility measurements did not display a significant 

correlation with any score on any apparatus. As for male artistic gymnastics it could be 

expected that the handgrip strength would display a significant correlation with apparatus 

where handgrip strength is neccesary, like uneven bars. Notable that the countermovement 

and squat jump, did not display a significant correlation with any scores on any apparatus, 

because power in lower limbs are important in gymnastics. As well, agility, did not seem to 

correlate with any scores as may expected and as males artistic gymnastics did.  

 



	 48	

Correlation Between Physical Measurements  

The countermovement jump displayed a strong correlation with the squat jump, and a 

moderate correlation with a hand grip strength of the right hand, and 20–yard and 20–meter 

sprints. Again, this demonstrates the correlation between strength, speed, and power 

(Comfort et al., 2014; Sekulic et al., 2013). 

 In addition to a correlation with countermovement jump, the 20–yard and 20–meter 

sprints displayed a strong correlation between each other and a moderate correlation with a 

hand grip strength of the left hand. The 20–yard sprint also displayed a moderate correlation 

with a hand grip strength of the right hand and hanging pikes. The hanging pikes displayed as 

well a moderate correlation with a hand grip strength of the left hand. This demonstrates that 

the strong hand grip has a possitive effect on the performance of the hanging pikes, which 

involves holding on uneven bar, and as well this strength correlates with the speed.   

 The hand standing displayed a moderate correlation with a pull-ups and hand grip 

strength of both hands. This demostrates the requirement of the upper body strength. The 

rope climbing displaeyd a strong correlation with agility test, which demonstrates the 

relationship btween strength and agility. 

 Push-ups, shoulder and hip flexibility measurements did not display a significant 

correlation with any other physical measurements.  

 

TeamGym 

Correlation Between Scores in Competition and Physical Measurements 

The D score on the tumble apparatus displayed a moderate correlation with 

countermovement jump, and the final score displayed a weak correlation with 

countermovement jump. This demonstrates that the performance on the tumble apparatus 

requires the strength and power in lower limbs which helps the gymnast to perform acrobatic 

movements (De Pero et al., 2013).  

The D score on the trampet apparatus displayed a strong correlation with the 20–yard 

sprint, presses into a hand stand, pirouette balance on the right foot, and push-ups. The E 

score displayed a strong correlation with the 20–meter sprint and pirouette balance on the left 

foot, and the final score displayed a moderate correlation with presses into a hand stand and 

pirouette balance on the left foot. This demonstrates that the performance on the trampet 

apparatus requires speed, and as mentioned above Schärer et al (2019) recently demonstrated 

the correlation between run-up speed and D score on the vault apparatus, which is very 
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similar to the trampet apparatus. Presses into a hand stand and push-ups require more on the 

upper body and can have a positive effect when performing the routine over the vaulting table 

to make a stronger push from the table, and good balance plays an important role in making a 

good landing.  

The handgrip strength, thigh strength, squat jump, rope climbing, hanging pikes, hand 

standing, shoulder and hip flexibility, and 500–meter row measurements did not display a 

significant correlation with any score on any apparatus. 

 

Correlation Between Measurements  

The significant correlation between physical measurements for team gymnasts was mainly 

between similar measurements and displayd either moderate or strong correlation between 

each other; the handgrip strength, thigh strength, countermovement and squat jumps,  20–

yard and 20–meter sprints, and pirouette balance of both feet. The rope climbing, push–ups 

and 500–meter row dispaleyd as well a correlation with these measurements. Once again, this 

demonstrates the correlation between speed, strength and power (Comfort et al., 2014; 

Sekulic et al., 2013), and this time also anaerobic endurance in 500–meter row. 

Other measurements that displayed a significant correlation was a moderate 

correlation between presses into a hand stand with the hand grip strength of the left hand, 

squat jump, and hand standing, and a strong correlation with the hanging pikes. The hand 

standing also displayed a moderate correaltion with push–ups. This demonstrates the 

correlation between the strength in core–, upper– and lower body. 

Hip flexibility displayed a moderate correlation with the strength of the back of the 

thigh of both feet and 20–meter sprint. This demonstrates that the hip flexibility has a 

positive effect on the thigh strength and speed or opposite.  

 The pirouette balance on the right foot and shoulder flexibility did not display a 

significant correlation with any physical measurements. 

 

Limitations  
This study was limited by several factors: 

1. The sample size, despite that more than 100 gymnasts participated in physical 

measurements, only the ones who also competed in Icelandic championship were 

used for this study, which caused that the sample decreased considerably. This is 

however, difficult to overcome because we are dealing with elite gymnasts, and they 
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are simply few in number. The cohort indeed included all Icelandic elite gymnasts 

that were not injured at the time of the competition.  

2. The TeamGym gymnasts were from only two different gymnastic clubs and artistic 

gymnasts from only three different gymnastic clubs, which causes that their training 

may be very similar and their physical ability as well. 

3. The Gymnastic Functional Measurement Tool (GFMT) was evaluated for the artistic 

gymnastics. Other measurements were not evaluated and did not include test-retest 

procedure, which may affect the accuracy of the measurements.   

The strengths of this study were:  

1. The participants of the study were excellent Icelandic gymnasts.  	

2. Good equipment was used for the measurements and measurements were performed 

under good conditions using gymnastic apparatus. 	

3. The gymnasts were ready to do their best, because the project was worked in 

collaboration with the coaches, and the gymnasts received the results from the 

measurements. 	

 

Conclusions  
The conclusions of this study were:  

1. The male artistic gymnasts that perform well in physical measurements are significantly 

more likely to score high in competition on all apparatus. 

2. The female artistic gymnasts that perform well in physical measurements are significantly 

more likely to score high in competition on two apparatus; the vault and the balance beam. 

Different tests might be needed to evaluate the physical ability for floor and uneven bars.  

3. The TeamGym gymnasts that perform well in physical measurements, are significantly 

more likely to score high in competition on tumble and trampet apparatus.  

4. Many physical measurements displayed a significant correlation with each other. It may 

indicate that it is unnecessary to have all those measurements for the gymnasts if they 

display the same results.  

 

Future research  
For future studies, it would be interesting to do a longitudional study and see the 

development over time of the results in the measurements, as well in competition. 
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