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ABSTRACT 

The Prediction of Gymnastic Performance Through an Analys'is of Selected 
Phystcal, Physiological and Anthropometric Variables 

The purpose of this investigation was ta determine the relative im-
. , 

portance of selected physical, physiological and anthropometric variables 

in predicting all-around gymnastic ability and ability in each of the in-

dividual events. A,total of 29 female, all-a'round gymnasts bétween the 

ages of Il and 13 ye~rs, were ~valuated on 13 variables: (1) he i 9 h t, (2) 

weight, 0) total skinfold, (4) anaerobic endurance, (S) flexi.bility, (6) 

power, (7) strength, (8) agilIty, (9) maximum aerobic capacity, (la) max-

imum lactate, (1 J) hear,t rate tn,tensity during gymn~stic routines, (12) 

post-exercise lactate and (13) experience. All-around and individual 
'Il' 

event gymnastic' scores were used in the regr~ssion analysis as the depen-

dent variables. AIl subjects'were divided into two abil ity groups basld 

on all-around scores (lo~ abil lty f 20 points, high ability ! 30 pdints),' , 

High abi1 i~y gymnasts obtained significant1y lower scores for' agili~y and 

total skinfold and higher scores" for flexibi~ity, strength, average \heart 
\ 

rate intensity and post-exercise lactate than the low ability gymnaSts. 

Prédiction equations for gymnastic ability ~ere ~omputed with (R2=.81~ to 
\ 

,940) and without (R2= .815 to .888) the-experience variable entered lnto 
1 

the reg~ession analysis. 

flexibility variable was 

, 
With experience eKcluded from the analysrs,~the 

- ,\ 
1 

found to be the single best predictor of abi1ity, 
1 

however, when the experience ~ariable was included in the analysis it was , 

selected as the single Dest predlctor in each equation. 

" ~'l 
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RESUME \ 

Prédiction de la Performance en Gymnas~ique'par L~analyse de 
Certaines variables) Physique, PhYSi010giqUe~AnthropométriqUe 

Le but de cette étude' etait de détermin r l'importance 

relative des variàbles physique. physiologiqu ~t ~nthropomé-
., , 

trique pour la prediction de l'habilete en astique, ainsi 
, "r que l'habilete dans chaque epreuve. Un total jeunes 

.,. , ", , 
filles gymnastes, agees entre 11 et 13 ans, etai t evaluees 

selon 13 variables. (1) la grandeur, (2) le poid \ (3) la 
, , 

quantite de graisse totale, (4)/ l"endurance anaérol> que, (S) 
, 

la,flexibilite, (6) la force, (7) la 
! , 

puissance, (8) 'agilite, 
\ , , 

(9) la oapaoite aerobique maximale, (10) la QUantite\d,aCi4e 

lactique maximale, (11) le rhythme cardiaque lors des exer-
, , 

eiees de gymnastique, (12) la quantit~ d'acide lactiqu 
, 

i'exercice et (13) l'experie~ce. 
, 

Les resultats total a si , 
, . , 

qu'individuel utilises pour l'analyse de regreBsion repr ,-
, . , 1 

'sentaient les -variables dependantes. Tous les sujets etaient 
~ 

, "", , divises en deux groupes d'habilete bases sur le resultat 

total (habileté basse ~ 20 points, habileté haute ~ 30 points). 
, , 

Les gym~tes de haute habilete ont significativement obtenu 
\ , ' 
\ " , , de ~s resultats pour l'agilite, et pour la graisse tot~le et 

" , de,hauts resul~ats pour la flexibilite, la force, la moyenne 
<,' , , 

d'Intensite du rhythme cardiaque et la quantite d'acide lacti-

que après l'exercice comparativement 'aux gymnastes de -basse 
~", , 

habilete. Les equations predites pour l'habilete en gymnas-

tique ~taient compilées avep la varia~le ex~rience (~2 •• 878 
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variable.ex~rience '(R2=.815 ~ .888) 
~ ~ <~ " 

> iii 

;; , ". .' . " 
,Inseree. d~hs l'ana yse regressive. La variable experlence. 
, \" . .'. . , , . 
etant exclu~e de l' na lyse t l~ ~~ta~l~ '!~exibll1 te etait la 

\, , 
meilleure pour la p d~ction de l'habilete. ainsi donc, 

\ , '\. \) 
lorsque là variable etait inoluse dans l'analyse, 

1 
\ 

~ \ ' , , 
elle etait le ~eil1eu element de' prediction de resultats 

J \ \ , " 
, " 

pour chaque equation. 
l , 
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CHAPTER 1 

1 NTRODUCT 1 ON 

1.1 THE PROBLEM 
-.. 

Successful participation in any. sport requires specifie training 

to de eJop the physicaJ characteristics and physioJogical capacities 

ess Ual to that sport. Specificityof training refers to the develop-

m nt of the energy system or systems predominately used during the perfor

mance of the sports a~tivit~ (Mathews and Fox, 1976), as weIl as physical 

characteristics such as strength, flexibiiity and body composifion which 

are essential for successful participation. Each sport is unique in that 

it requires the development of specifie characteristics and qualities in 
. 

Jts partidpants to enable them to achieve a high JeveJ of ability and 

success in that sport. Obtaining .. scientific information concerning the 

relative importance of specifie physioJogical factors as they affect per-

formance success is of prime concern when assessing the effectiveness of 

present training procedures or in improving existing training techniques. 

There are ba,sicaJ ly three factor's.~hich influence ph ys icaJ perfor,

mance: (I) neuromuscuJar function, (2) energy output, and (3) psychological 

factors (Saltin and Astrand, 1967). Gymnastics is primarily a skill 
1;if;./ 
~J\ 

activity that. requires the development of neuromuscular coordination to 

a highly reflned JeveJ (Orazil, 1971). Although skiJl development is 

vital Iy important in this sport, the criteri~ for evaluating performance 

success is based on the abi 1 ity to combine these individual ski 1 Js into . 

a routine. Performing an entire rOl,ltine, as opposed to a single gymnasti.c. 

skill, requires a significantly greater amount of muscular endurance along, 



, 

2 

'with a concomitant increase in the metabolic leveJ. Also there are psycho

'Jogical and emotional stresses placed on the gymnasts when the routines 
~·r ~ 

/:~are performed before an audience. 

Oespite the relative importance that these factors have on per-

formance, very little information is availabJe, particularly concerning 

the physiologiCal capaclty of gymnasts and how this capacity affects per
~ 

formance. Many in\restigators have measured heart rate response and energy 

expenditure during the performance of 9ymnastic routines in men and women 
" , 

(Kozar, 1963; Sward, 1967; Sprynarova and Parizkova, 1969; Spitzer and 

Helliger, 1969; Cumming, 1970; Seliger et al., 1970; Faria and Phillips, 

1970; and Montpetit, 1972). Few studies have measured aerobic capacity 

'in gymnasts (Saltin and Astrand, 1967; Sprynarova and Parizkova, 1969; 

Cumming, 1970; Novak et a1., 1970; and Montpetit, 1972). To this 

-
author's knowledge, the anaerobic responses of gymnasts has not been 

invest i gated. 

Although there are similarities b~tween the men's and women's 

events, the men's events are cha}acterized bya more extensive invoJve-

ment of' arm work (i.e. on the rings, high bar, pomme) horse, and paraI leI 

bars) and except for the floor exerc i se event the routines are shorter 
• 1 

in duration than the longer wome,nls events of balance beam and floor 

exercise. Thus, it would be incorrect to make assumptions concerning 

the physiological requirements of female gymnasts based on the data 

col1ected on subjects participating in menls events. 
;. 

Previous studies have evaluated such variables as skinfold thick-

ness (Gates, J974; and Pool et a1., 1969), anthropometric measurements 

(Pool et aJ., 1969; and Read, 19671,-as weIl as individual test items 
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measuring power (Boyd, 1971; and Pool et al., 1969) muscular strength and 

endurance (Read, 1967; and Wettstone, 1938), and agi,lity (Wettstone, 1938) 

in an attempt to predict gymnastic Potent.i~}. The prediction equations 

and multip,le correlations eminating From the"se studies have been computed 

solely from physical and anthropometrié variables. To this author's know-

ledge/ no study has investigated the raIe of physiological variables as 

they relate, to the gymnast's perfo'rmanee ability, or their relative signi~ 

fieance as compared ta physical and apthropometrie factors. Also, since 

there is very little consistency or overlap in the specifie var.iables 
, 

that have been' investigated, as weIl as the type of subject used (as far 

as experience and ability level), it is diffieult ta evaluate the signi-

" ficance of these variables on performance ability. 

1.2 SlGNFICANCE OF THE STUDY 

For training purposes and proper preparation of athletes for 
, 

,competition, it is important to know which physiological variables have 

the greatest affect on performance. The 'development of physica1 charac-

--terist-i'cs and physiological capacities is a very impo~tant and vital 

aspect of skil1 acquisition. To determine the variables which are impor-, 

tant in each sport, it is necessary to obtain data on the physi010gical 

response of athletes to general work tasks as weIl as during"the actual 

participation ln their specifie sport (Ferguson et al., 1969; and 

Montpetlt, 1972). Information ôn'physiological responses during aetual 
; 

'participation in a sport will help isotate those variables which have the 
. 

most signifieant effect on performance ability and determine where train,-, 
~ 

ing emphasis should be placed. 

\ 

--------------............. 
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Very 1 ittle is known about the factors tha-t affect gymnast'ic per-

- (' , / 

formance. A need for further information has been expressed. Broms et aL, 
1 " 

(1970) in their study of elite Belgan gymnasts, concluded that 

~--., " ... sports training for top elass~ymnasts is often 
very specifie and that a profound,examination must 
Qe cant inued in the field of local muscular 'endur
ance, flexibil ity and cardio-respiratory endurance. Il 

Conc'lusive evidence pertaining to th.e importance of aerobic and anaerobic 

capacities to gymnastic performance is presently not available. 

ln the 1 iterature there is considerable disagreement about the 

relative importance of aerobie capacity in gymnastics. A few researchers 

~ave measured this capacity in gymnasts but none have related these values 

-
to ability level (Saltin and' Astrand, 1967; Novak et aJ., 1968; Cumming, 

"\ 

1970; and Montpetit, 1972). Their general concensus is that gymnasts as 
,,' 

a group have poor to average aerobic capacity and that 'this capacity is 

un i mportan tin the performance of gymnas tic rout i nes . On the other hand, 

many gymnastic authorities and coaches emphasize the importance of cardio-

vascular'~aerabic) conditioning for gymnasts (Wolcott, 1964; Wolfe, 1967; 

Seliger et,a1., 1970; Spackman, 1970; Sokol, 1971; Kjeldsen, 1971; Black 

and Johnson, 1975; and' Kudrnovsky, 1977Y. Sel iger et al. (1970) stated 

tha t : 

" ... gymnastics itself can 't sufficierttly develop 
the aerob i c eapac i ty of the organ i sm to the needed 
1 eve l, un t j 1 comp 1 ementa ry exerc i ses are added ... 
thus the op~imum reaetion ta a given physieal 10ad 
cannot be a t'ta i ned . Il 

.> 

1 
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The relative Lmportance of anaerobic capacity is simllarly unclear: 

After an investigation of four men's gymnastic events one researcher hypo
! 1 _ 

thesized -that lactate production following the performance of gymnastic 

routines would be negl igible, due ta the brevity of the activity, but , 

th i s has never been ~asured (f:\ontpet i t, 1972). Th i s reseflrcher further 

suggests that measurin~blood lactate levels after gymnastic routines 

would H ••• provide a def;~ answer to the probl~ of ;he energy cost of 

gymnastics." 

Few s tud i es have meas red and eva 1 uated the phys i 0 log i ca 1 and 

anthropometrlc characteristics f femal~ gymnasts. Still fewer have 

related these variables to perfor ance success. ln addition, there is 

no data'available, to this author' knowledge, on the gymnasts' physiolo-

gical response to the floor exercise vent or the importance of specifie 
\ 

varia,bles to ability in this event. Chàracteristies dealing with agility, 
~ 

body composition, height, weight and' experi'eQce have been evaluated in 

past investigations and in sorne cases were found ~o be significant factors 
, \ 

in predicting performance ability. However, the importance of these vari-

ables in relation to physiological variables h~s 'not beèn investigated 

thus far, to thi s author 1 s 'knowJ edge. 

Therefore, the purpose, of this investigation was to measure and " 

evaJuate Physiolo~ical capacities as weJ 1 as physieal and anthropometric 
" 

factors to determine the[r relative import,Çlnce in gymnastic performance. 

Data on 

four of 

heart rate.response and lactate accumulation werej obtained on ~il 

the women's events. In addition, laboratory tests were used to 

measure strength, ftexibi 1 ity, agj 1 ity, anaerobic muscular endurance, 

aerobic eapacity, 'anaerobic capacity, .power, body composition, height, 
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weight, and experience. Evaluation of these selected variables have i50-

lated those factors which are most important to predict all-around gym-
\ ~ 

,Î 

nastic abili~y and thbse factors which are most imporfant in each of the 

women's individual events. 

It is hoped that thi5 study will provide important information to 

gymnastic coaches and trainers and will enable a more scientific applica-

tion of training practice5. Knowing the variables that aré most important 
f 

to predict performance, it wi Il be possible to develop fraining techniques 

that will concentrate on the optimum development of these variables. In 

addition it will be helpful to coaches who are evaluat\ng potential gym-

nasts for te am selection. An awareness of important physiological char-

acteristics that relate to high level gymnastic performance will assist 

the coach in the evaluation of potential gymnasts. 

1.3 \TATEMENT OF THE PROBL5M 

The primary con~ern of this investigation. was the measurement of 

selected physical, physiological and anthropometric variables in female 

gymnasts, representing a ~ide range of ability, and the evaluation of 

their relative importance to predict success in all-around performance" 

JJ~ges' scores awarded for optional routines 

in each of the four women's events Cvaulting, uneven parai lei bars, balance 
. 

beam, and floor'exercise) were used to determine abt!ity level. The 

specifie hypothesis tested were as follows: 

J. There are no significant difference betwèen .the tlllO, gymnastic 
" 

" . 
a~ility groups in the thirteen selected variables~ 
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2. The thirteen variables are nonsignificant in predicting 

gymnastic performance as determined by judges' score. 

3. The four women's events have sfimilar physiological responses 

in heart rate intensity and post exercise blood lactate 

~oncentration. 

1.4 DELIMITATIONS OF THE STUDY 

Because of the small sample size used in this study, aIl çonclusions 

and Inferences are confined to the population under inve5tigati~n. Other , 

delimitations ôf the study wer~ as follows: 

~J 

~ 

1. The number of subjects in the study w~s limited tOi 30 females 

between the ages of 11 and 13 years. 

2. AIl subjects were all-around gymnasts with at least one year-

of experience. 

3. A bicycle ergometer was used to determine maximum aerobic 

capacity. 

4. Heart rate intensity for each event was monitored only once 

ring a practice situation. 

Performance scores from qualified gymnastic judges (with 

adjustments made for d,ifferences in difficulty lev~I), were 

accepted as valid measures of each s~bjectls ability. 

1.5 OPkRATIONAL DEFINITIONS 

Agility - The time, to the nearest tenth of a second, required to 

complete the A.A.H.P.E.R. 30 foot shuttle run. 

1 
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Flexibilitl - fhe total degrees of range of motion measured by 

a Leighton Flexometer, for ~he movements of hip flexion, hip abduction, 

• shoulder hyperflexion and hyperextension, tru~ flexion and trunk extension. 

Heart,rate intensiti - The working heart rate corrected for rèst-

ing heart rate and expressed as a percent of the potential heart rate 

(maximum heart rate minus resting heart rate). 

Maximum aerobic capacity - The highest level of oxygen consumption 

:attained during a discontinuous graded bicycle ergometer test performed 

to the point of vol itional exhaustion with an R.Q. greater than 1.0. 
r' 

/ 
Maximum alactic power (muscular power) - The highest score recorded, 

(out of six attempts) on the Hargaria-Kalmen stair power; test. 
, 

Muscular endurance (anaerobic) - The total duration in seconds at 
• 

which the gymnast can pedal a bicycle ergometer between 60 and 70 rpm at 

a resistence corresponding to six percent of her bo~y weight. 

Maximum heart rate - The highest six second heart ,rate average 

recorded either during the maximum a~robic test by a single channel ECG 

recorder, or during gymnastic routines via radio telemetry. 

Muscular strength - The total strength score recqrded in kg/kg 

body weight as determined by the cable tensiometer strength battery for 

Junior High girls (ages Il 1/2 to 14 1/2 years) developed by Clarke and 

Munroe (1970). 
,/ 

Peak heart rate - The highest six second heart rate average 

recorded during each of the routines or in the first few seconds during 

the recovery portion following the performance of the routines. 

/ 

/ 

( 
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CHAPTER Il 

REV'I EW OF RELATED LI TERATURE 

2.1 TH'E PHYS 1 OL{)G ICAL NATURE OF )vMNASTI CS 

Gymnastics, as weIl as any other Iphysical, activity, 'can be classi-

fiea and described in terms of energy requirement and util ization. Muscu-
~ 

lar contraction or work requires the production and splitting of high 

energy phosphate bond~in the ATP and CP molecules. Th~ production of 

ATP from 91 yc0geo can ~be accompli shed ~n the presence (aerob Ica 11 y) or 

absence (anaerobically Due to physio1ogic~1 adjustments and 

adaptations tO,the intensit~ 0 of oxygen t,hat 

is available to the tissues As a resu·1 t both processes of energy 

production are requireâ and the ex~t to which each process contribMtes 

to the total energy production depe~~the intensity and duration of 

the activity (Astrand and Rodahl, 1977~. '~ 

During vigorous activity .of short~ation (Jess tnan one minute) 

there is little time for respiratory and-circulatory adjustment and the 

work is carried out under oxygen debt. As a result the majority of the 

energy production is provided anaerobically. '" When the activity requtres 

-about two and one half minutes for completion, 'the energy supply is nearly 

50% aerobic, whi le for an activ-ity' of 30 minutes ip duration, the aerobic 
7 

contribution increases to 90% (Astrand and Rodahl, 1977). 

Gymnastic routines are vigorous in nature but are very short in 

duration. In women's gymnastics the longest event is the balance beam 

which has a required performance time between one minute and 20 seconds 

and one minute 45 seconds. Floor exercise has a time requirement of one 

,. 
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minute0 30 seconds (F.I.G. Code of Points, 1978).' Routines 
/ 

mi nute 

on the en parar1e1 bars and side horse vau1ting have no,time restrtc-

tions. average duration of a bar routine is 30 to 45 seconds·while a 

on1y four to six seconds for completJ.on. 'Because of the 

routines, gyrnnastics is classified as highly anaerobic in 

nature. 

Montpetlt (1972), studled the phys~6loglcal respon~es of eight 

ê) mal gym~asts performing routines in four events; side horse, horizontal 

bar, para11el bars and rings. The average duration of the exercises was 

between 20,to"30 seconds. Through indirect calorimetry he determined that 

the contri~ution of anaerobic processes during the performance of gymnas-
d 

!P tic routines can be as high as 80 percent. It was also ca1culated that 

male gymnasts utiJize about 30 percent of their maximal aerobic power dur-. , 

ing the perf6rmance of their.routines. According to Andersen's relative a 

load index classification (1970), the oxygen requirement expresse~ as a 

percent of the V02max,,\9ymnastics is classified as "nfoderateIJ heavy Wqr~~." 

Therefore, gymnastics is highly anaerobic in nature, and is an activity 

that is associated with a substantial lncrease in the metabolic rate . 
. . 

Andersen's Relative Load Index 
Il 

Grading 
, . 

Light Work 
Modera-te Heavy Work _- ' : 
Heavy Wotk - , 
Extrem~ly Heavy Work 

Percent of V02 max. 

~ 25% 
25-49% 
50-75% 
> 75% 

ln addition to being short in duretion and explosive in nature, , 

gymnastics Is also characterized by an .extensive amount of arro work and 
"r 

'. 

, " 



~ 
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.' 

Il 

, 
frequent changes in body positio'n. Asmussen ând Hem\'lingsen (J9;8) .. ~served 

o 

differences in physiological response to arm work and leg work on a bicycle 

,ergometer: For a given'workload, pulse ;ate, oxygen consumption and ven-

ti Jation were always higher for arm work than for Jeg work, Astrand et al., , ' 
/' 

(1968) reportedi simt1ar results after, studying the circuJatory respohses 

to,àrm exercise. It was' determined that at the same absolute workload, 

-
measurements of heart rate, blood pressure, vent! lat ion and, lactate con-J·~) 

centration were aIl higher with arm exer~ise asuopposed' to leg exercise. 

(n addition, Astrand and S~ltin (1961) caleulated that ma'?<imum work with 

the arms produces an oxygen uptake that was 30% lower than that att~ined 

by leg cyel ing work. Maximum aerobic capacify is also reduceR with a 
, 

change i'fi bQdy postjtion (Astr~nd and SaHin 1961). /Cycling in\a sup~ne 

position resulted in a maximum oxygen consumption that was 15% lower than 

cycl ing in a sitting position. 

Al'so in reference to a change in body position, Shvartz (196-8) 
'. 

'" o .1 

/ 

studied the 'physiological responses while performing a handstand.', He ., 
f ~ 1 

found a su~stantia' increase in energy cost from ~n oxygen consumption of 

.365 l/min. in the sitting position to 2.01 l/min. in the handstand. 

Rapid changes in body position also have a profound effect on the venous , . 
return which in tùrn affects blood pressure, heart rate and stroke volume 

" '. 

(Astrand, 1956). As a result, traini.ng in gymnastits has been observed to r . 
improve the vestibuJar system (Dr~zi1, 1971Land orthostatic efficie~~y 

~ 

. l' 
(Shvartz, 1968), or circulatory adjustment to gravity. ! 

Gymnastfc act~v~ty i5 characterized 'by low venti lation, tidal vol

ume and respiratory, rate, wÎth a htgh rate of oxygen extraction CMontpetit, 

1972}. Low ventilation and tidal volume are due to an increase in -thë~· 

() 
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i~trathoracie pressure caused by the nature of the activity which demands 

fixation and control of the thorax in order to perform specifie ski11s. , " 

Respiratory rate is reduced because of the deQree of breath holding that 

tak~s place, up to 40-50% of the time in the inexpetienc~d gymnasts but 

n~ more than 10-15% of the time in the advanced gymnasts (Montpetit, 1972). 

With lower venti1ation.there is an increase in oxygen extraction to com-
.,' A 

. , '" 
pensate for the insufficient supp1y to the working tissues. 

1 

/Sûmntary , 1 

1. Because of the brevity and intensity of the routines, gymnastics 
'0 

is c1assi~ied as a highly anaerobic activity - as high as 80% (Montpetit, 

1972) . 

2. There is a substantial increase in the metabo1ic rate when 

, ,gymna~tic routines are performed (Kozar, 196J; Sward, 1967; Faria and 
.' 

Phi11ips, 1970; Se1iger et a1.,'1970; and DraziJ, 1971). 
,. . 

Gymnasts uti1 ize": 
, 

about 30% of their maximal aerobie power during the performance of gym-

nastic routines (Montpétit, 1972)~ 

3. Gymnastics is eharacterized by an extensive~mount of arm 

work and frequent cha~ges in body position. When compared to 1eg work, ;~ 

arm work is associated with ~ higher heart rate, b100d pressure, v~nti1-. 

ation, oxygen' eonsumption and b100d lactate concentration (Astrand, 1956; , 
1 

Asmussen and Hemmingsen, 1958; Astrand and Sa1tin, 1961;' and Astrand et 

al ., 196B). 
1 • 

4. Gymnastic activity "is eharacterized by low ventilation, tidal 

volume ~d respiratory rate (Montpetit, 1972). 
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2.2 CHARACTERISTICS OF GYMNASTS 

- 1 

2.2.-l Physique and Body Composition 
'"1 

1 

J 
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formé!-nce many researchers have felt it significant' to investigate- the 
• • <C< 

\ 

characte'ristics which are common to successful participants (Carter et 
1 

al." 197\1; Cumming, 1970; N'ovak et al., 1968; Pool et al., 1969; 
i 

Sinning ~nd Lindberg, 1972; Sprynarova and Parizkova, 1.969). In support 
1 

of this 1remise. Espenschade (1964) in essence states that top athletes 

are natura11y endowed with a body type, body structure and capacity which 
1 

ts large-ly responsible for"their superior ability. Others believe that it 
, J . _ 

may be participation in the activity itself which causes modification and 

adaPt~tio~ in body composition and capacity ,(Nova~, et a1., 1968'). 

Carter et al (1971) foùnd a significant relationship between 
J 

physical performance and somat~type. In this study they concluded that: 
1 

(1) athletes are somatotypically different from the general population,' 

(2) certain athletic groups are different from e~ch other l and (3) perfor-

1 ~ 
mers at t~e same level of competition tend to be similar. Gymnasts are 

classified as being highly mesomorphic with the highly successful/ gymnast 

having a '~omatotype evaluation of 2.1-6.0-2.2. This classification (s' 

based on ~ seven point scale developed by Sheldon (Mathews and Fox, 1976). 
1 

The numbe~ one indicates a lack of a certain eharaeteristie and seven indi-
1 

cates a gr~at amount of the characteristic. The first number desctibes 

endomor,Phyl (fatness), the second mesomorphy (muscu 1 ature) and the thi rd 

- eetomorphy( (thinness) " CMathews and Fox, 1976}. l~- s:peci f le reference to 

gymn~sts it was eoncluded that (l) outstanding gymnasts are similar ln 

[ 
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somatotype and proportion, but may differ considerably in terms of gross 

body size, and (2) ~ithin the same competition.~ The highly successful 

[competitors are more mesomorphic than the less successful competitors. 
~ 

College age female gymnasts are report~d to have a sigriificantly 

higher body' den~ity than non-athletic women of the same age due to their 

superior muscular development (Sinning and Lindb'erg, 1972). In addition, 

other studies have shown that gymnasts are typiJ~lly characterized by 

small skinfolds (Pool et al., 1969) and 16~ percent body fat measureme~s 
o 

(Bosco, 1964; Orazil, 1971; Novak et al., 196&; Si~ning and Lindberg, 1972). 

Top female gymnasts usually do not exceed 10-15 percent body fat but women 

at lower levels of abi lit y have body fat percentages as high as 21.9 per-

cent. Compared to other athletes, distance runners, low weight wrestJers 

and gymnasts have been found to be the leanest (Montpetit, 1972). Novak 
1 

et al. (196B) reported that maler gymnasts had, 95 percent fat-free m~'s's and\ 
! 

the top gymnast tested had a total body fat amounting to only 2.7 perceR~ 
J - ~\ 

ln reference to other body measurements, gymnasts are characterized J 

! 

by small height and weight, above normal upper arm girth and shoulder w,[dth 
1 

1 

and below normal leg length, hip width and 9rm span (Bosco, 1964; Pool et 

al., 1969; Read, 1967; Sinning and Lindberg, 1972). 

2.2.2 Flexibility 

Ihroughout the literature investigated, coaches and authorities 

were consistent' in stating the necessity of a high degree of flexibility in 

achievinQ-success in gymnastic performance (Bates, 1976; Kjeldsen, 1971; 

!Leighton, 1955; Mathews, 1968; Takei, 1977). Flexibi 1 ity, defined as the 

\range of possible mOVement about a Joint or a sequence of joints (Clarke, 

1975), is a highly specific characteristic in two ways (Mathews and Fox, 1976). 
o \ , 
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First of aIl, vastly differing and specific patterns of flexibil ity have 

\ 
been observed in the participants of various sporting events. For :rample, 

male swimmers had a high degree of flexibility in. the should~, wrists 
1 

! and hips in comparison to other athletic groups, while weight lifters dem

onstrated the greatest amount of trunk flexibi 1 ity (Leighton, 1955). Jin , 
a study by Matz (1954) it was shown that participating ~n gymnastics 

1 
~ resulted in an increase in shoulder flexibility in 11 percent of the male 

su~jects tested. However, this improvement in flexibility is highly spe~i-

fic beca~se it occurs in some joints and not in others (Clarke, 1975). 

Gardner (1972), comparing flexibility in male diV~, sw{mmers and gymnasts 

reported that there were significant difference~ bet~the groups in 

! shoulder and hip measurements. 
'l 

While gymnasts would be expected to score high on a flexibility . 
battery, as reported by one in~~s1igator (Bosco, 1964), it was demonstrated 

by Leighton (1955) that in male athletes, swimmers and baseball players 

demonstrated the highest ov~rall ,flexibi 1 i ty." Gy~nasts scored high on 15 

measurements especîal Iy in the hip qrea but low'>oh., six measures involving 
.r---:.. 

the shoulders, wrists, ankles and trunk. This brings us to the second 
, } 

point of specificity, which is that flexibil ity i5 joint-specifie, i.e. 

a -high degree of flexibility in one joint does not establish the existence 

of high flexibility in other joints {Mathews and Pox, 1976}. 

Both the number of years of participation and the ability level 

of an athlete seem to have a significant effect on flexibility (Clarke, 

1975). Olympie swimmers scored higher on ankle and trunk f)exibi 1 ity 

tests than did varsity col1ege swimmers while gymnasts who had partieipated 

competitively for. the greatest number of years scored higher than their 

/ 

" 

:' " - , 
" 

j 
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less expetieneed,eounterparts. 

Female gymnasts also possess a high degree of hip flexibility but 

unltke men they are char~cterized by a significant amount of shoulder 

and upper back flexibility (Kjeldsen, 1971). Flexibility in this area is 

due to the difference ln the nature of the women's events, specifièally 

the balance beam and floor, exereise. Twelve women gymnasts· were shown to 
Q 

impr_ove significant'ly in shoulder and upper back flexibility as a result 

of a season of gymnastic participation (Clare, 1975). 

ln addition, there is a tendency for girls ta be more flexible 

than boys (deVries, 1966). The average girl genera~y reaches her peak 

~lexibi 1 ity at the agJ of 12. and thereafter, shows ~ graduaI decl ine 

(Hupprieh and Sigerseth, 1950). 0 There have been no studies investigating 
) 

the development and cir possible decline of flexibil(ty in fe~ale gymnasts 

. ; 

durlng the same age period., 

2.2.3 Strength 

Beeause. an individual 's motor fitness and athletic ability are 

~closely paralleled by ~is/her muscular strength, a great deal of concern 

and resultant research has oceured in this area (Clarke, 1973; Clarke, 

1974). Strength training is employed by·coaches of all sport activities 

in an attempt ta improve speed, power, endurance and specifie sport skiJIs. 

ln gymnastics, strength is a necessity for learning many gymnastic 
1 

>--

movements and a very important part of a skilled performance. As early as 

, 1938, Wettstone demonstrated the importance of strength in gymnastics and 

determined that i,t'was one of the most significant fac'tors in predicting 

potential gymnastic ability. Sale (1976) suggests that the improvement 

of strength at specifie joint angular veloeities may be of greater benefit 

. , 
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to the performance of gymnastic skills than the improvement of_static or 

low velocity dynamic strength. From preltmtnary investigations he has con-

cluded that the poor tumbler is stronger at low'velocity but weaker at high 

velocity than the good tumbler . 

Chu and Krepton (1977) in a recent article stress the importance 

of weight training for feméNe gymnasts. This type of program would assist 

~he beginner in acquiring the basic gymnastic skills, which are highly 

strength dependent and improve the performance and eff-iciency of the more 

advanced gymnast. In addition, female gymnasts, at aIl tevels bf competi-

tion are at a distinct disadvantage if they have low strength~weight ratios 

(Es pen scha'de, 1964). 

Muscular strength, endurance and power are reported to be outstand-

ing characteristics of highly trained gymnasts (Borms, 1970; Bosco, 1973; 

Cumming, 1970; Jackson, 1971; Pool et aJ., 1969; Sale, 1976},1:) As wouTd 

be expected, trained gymnasts are'considerablY str~nger than untrained 

individuals but they also achieve significantly hlgher strength scores 

than other athletic groups (Cumming, 1970). After testing athletes repre~ 
~ 

senting Canada at the 1967 Pan American Games, Cumming (1970} concluded 

that for males, the volleybal1 and gymnastic teams were by far the strong-' 

est witn a total strength score of 4.18 kg/kg body weight and that the 

female gymna?ts had the highest overall strength for the women tested 

with a score of 3.43 kg/kg body weight. 
o 

Explosive strength or power is very important in gymnastic events 

such as vaulting and floor exercise and as a result of participation in 

such activities, gymnasts have shown improvement in power at the completion 
o • 

of a training season (Bosco: ~973}. 'Also OiGiovanna (1943) reported that ' 
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, gymnasts were more powerful than members of other Ya~sity teams, while 

Jackson (1971) demonstrated that gymnasts have significantly greater vert~
\ 

cal jump ability than football and basebal1 players as weIl as golfers • 

. , 

2.2.4 Aerobic Capacity 

Maximum aerobic capacity is an accurate and reliable measure of a 
\ 

person IS capacity and tolerence for prolonged work. Due to the brief nat-

ure of a gymnastic perfor~ance it has been reported that participation in 
, 

gymnastic training has no significant influence on the development or im-

provement of the cardiovascular system (Bosco, 1973; Roskamm, 1967; Seliger 

et al., 1970). To support this bel ief, two researchers report 1 ittle or 

no increase in the heart volume of gymnasts. After comparing untrained 

normal per~ons of the same age to athletes representing German national 

teams, Roskamm (1967) found that both well-trainea weight lifters and 

gymnasts had no increase in heart volume. Reporting on the 'results of. 

af'lother study, Drazil (1971) states that the heart of the g'ymnast is small 
l '" -, -' ' ! 

in compar ison -' to-o.th:! tra ined athletes because on Iy 5 percent of the 
-• subjects x-rayed showed an enlarged heart. 

Despite these findings there is considerable concensus in th~ lit-
. 

erature among coaches and authorities that aerobic training is important 

and necessary in gymnastics (Biesterfeldt, 1972; Black, 1975; Kjeldsen, 

1971; Saltln, 1967; Spackman, 1970; Wolfe, 1967) ,- and that without it the 

full potential of onels ability cannot be attained. On the other hand, 

Astrand (1956) states that the more compl icated an exercise is (1 ike gym-
-

nastks), tne greater tlle 'inter-individual var,iation in mecnanical efficie,.ncy. 
-1 

Efficiency can be increased by technique train.ing, which in turn c'an com-

pensate for a low aerobic capacity. 
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Wolfe lJ967} c]aims that improving the aerobicc.apactty wi Il result 

in a concomitant improvement in performing 9ymnastic routines due to an 

increased abillty to sus'tain a given work load. Spac~an (J9~O) emphasizes 

the, importance of ca1dtovascular fitness in fIoor e~rcise because of the 

length and intensity of the exercise. Black (1975) stresses the importance 
, 

of both muscular and cardiovascular endurance as necessities for successfuf 

performance' of difficult routines and for minimizing~he effect of the 

static muscular contractions involved. In aIl cases, h~wever, these state

mentS.,appear to be based 50Iely""~n person'al opinion and ~'~hJecture since 
", .... \ 

they present no research data to 5ubstantiate their views. AI tho\.tg.n' the re . 

is no specifie evidence in reference to gymnastics, Astrand states that 
• 0 

when large muscle groups are ver\ active for a minute or longer, the indi

vidual 's aerobic work capacity greatly affects his ability to perform 

(Astrand, 1967). 

Alortg with, the insufficient evidence as to t,e importa~ce of.aero

bic fitness in gymnastics, there have been reJatively few studies that 

have measured this capacity: The available VOZmax data as reported by 

various researchers ts summarized in Table 1. 

ln the study conducted by Novak et al .(1968) it was noted that the 

top gymnast also possessed the highest aerobic capacity of 60 mllkg. min. 
-- , . 

Montpetit (1972) obtained similarly high VOZmax values but concluded that 

gymnasts were characterized by ~low maximal aerobic power. However, 
'\.. 

according to Astrandls norms fot' mà~!.~.um aerobic capad-ty (19601. male 
., ~ 

gymnasts were rated in the IIGood,,'to "Hlgh" categories'. Both studies of 

female gymnasts indicate that they have VOzmax ratings frpm "Average" to 

l'Good'l . 

• 1 
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Table, 1. Maximum oxygen consumption in gymnasts . 

SUBJECTS 

Males 

Swedish National Team (n=6) 
CSaltin and Astrand, 1967} 

Col1ege en=7} 
(Novak et al., 1968) 

Canadian National Team (n=15) 
(Cu~ming, 1970) 

Co 11 ege (n=8) 
CMontpeEit, 1972} 

Fema les 

", 

Canadian National Team (n=4) 
(Cumming, 1970) 

High School (n=IO) 
• (Sprynarov'a and Padzkova, 1969) 

. 
V02max 

(ml/kg .min:) 

60.0 

55.5 

42.1 

51.6 

43.1 

42.5 

20 

Summar,t 

1. Gymnasts are classified as being highly mesomorphic~ith the 

highly successful gymnast having a somatotype evaluation of 2.1-6.0-2.2 

(Carter, 1971; Wolcott, 1964). 

2. Gymnasts are typicallycharacterized by small skinfolds, and 

"" 
low percent' body fat measurements~ ln addition, they are smal1 iR.height 

. , 
and weight, above normal upper arm girth and shoulder width, and below 

normal leg length, hip width and arro span (Bosco, 1964;-Poe-i et al. 1969; 

Read, 1967; Sinning and Lindberg, 1972} . 

.. , 
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, 3'.' Male gymnasts score high on fle.x~bi 1 ity measurements especial1y 

in the hip area but low Qn measures involving' the snoulder, wrists, ankles 

and trunk (Leighton, 1955). 
" 

4. 1 Fe'Pale gymnasts are characterized as hav/lng better than average 

shoulder and upper back flexibility as weIl as extremely good hip flexibil-

ity (Kjeldsen, 19711. 

5. Strength is a necessitf for learning many gymnastic movements 

and a very important part of a skilled performance (Chu and Krepton, 1977; 

Espenschade, 1964; Sale, 1976; Wettstone, 1938). 

6. Compared to other female athletes female gymnasts obtain'the 

highest overall strength scores (Cumming, 1970). 
, 1 

7. Gymna5~s score high on power tests 1 ike the vertical ju~p, 

and on muscular endurance tests involving the arms (Borms et al., 1970; 

Bosco, 1973; Cumming, 1970; Jackson, 1971; Pool et al •• 1969.Sale, 19]6). 

8. Female gymnasts have l'average' ta good" maximum aerobic capacities 

while s.ome '!laIe gymnasts attain a "high" rating (A~trand, 1960; Astrand, 

1967; Cumm i ng, 1970; Spryna ra va and Pa r i zkova, 1969). 

2.3 HEART RATE RESPONSE AND ENERGY EXPENDITURE DURING THE PERFORMANCE OF 

GYMNASTIC ROUTINES. 

Since the mid 1960'5 telemetry has been used by many researchers ~ 

-
on athletes in a~ effort ta determine the heart rate respons~ ta specifie 

sports activities. This information then becomes an important contri~ution 

ta the general body of physiological data that is vital in determining the 

necessity for a chang,e in training methods and techniques. Also, through 
, 

the use of telemetry it has bec~e possible to classify many ~ports in 

" 
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terms of energy expenditure and intensity. Following tne telemetry monit-

oring of many sports, Skubic and Hodgkins (1965, 1.9671 have compt1ed a 

sports intensity classification based on tne heart rate classiftèftion by 

Andersen (1970). 

! 

Sports [ntensity Classification 

Sport C lass i ficat [on 

Tennis Moderate 
Badminton Moderate 
Golf l ight 
Archery Light 
Bowl ing Light ~ . -, Basketba Il Heavy , 1 

Hockey , Heavy 
Softba 11 Modera te 
Volleyball Moderate 

" 

\ 
Other sports tnat have been investigated with the use df telemetry 

ç 
equipment ar~: tra~k (Skubic and,Hilgendorf, 1964; McArdle et aJ., 1967L 

1 ittle league baseoall (Hanson, 1967), water-polo "CGoodwin and Cumming, 

1966), figure skating' (Gordo~ et'a1., 1969), ski jumping (lmhof et a1., 

1969), women1s basetball (McArdle et ar~, 1971), squash (Blanksby et aL, 

1973; Beaudin et al'., 1978), tennis, swimming fencing and boxing CKeul, 

1973), gymnastlcs (Kozar, 1963; Seliger et al., 1970; Montpetit, 1<972), 

speedskating (Cumming, 1975), weight 1 ifting (Stone and S~jth, 1977) and 

ice hockey (Wilson and Hedberg, 1976; Seliger et a1., 1.972). 

Several investigators have monitçred the heart rate r-esponse of 

gymnasts while actually.performing their routines. Kozar (1963) monitored 

the heart rate response"of one male gymnast on four different events; 

paralle1 bars, high bar, side horse and still rings. The parallel bars 

and st i J J rings routjnes were i dent Ica l'in duration at 30 seconds and 
l, 

\ 
\ 
\ 

" \ 
\ 

/ 
1 
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the intensity was stmil~r at 169 and 164 beats/min., respectively. High 

bar and side horse routines were slight1y 1ess intense at 162 ~nd 158 beats/ 

min. respective1y, but the duration of the activity was only 14 seconds. 

Faria and Phil 1 ips (1970) reported that heart rate response of 30/ 

boys and girls ages 7 to 13 years during gymnastic participation in five 

( activ'ities; warm-up, vaulting, tumbling, floor exercise and trampoTine. 

Similar responses wereobserved for both boys and girls. Activityon the 

trampoline elicited the highest heart rate with a mean of 175±12.7 beats/ 

min., followed by floor exercise (158±16.7 beats/min.), vaulting (153±19.8 

beats/min.) and tumbltng (153±15,.,?' beats/min.}. Drazi1 (1971) reported 

that the pulse rate of adults during individual 'routines can attain values 

lof 150 t6 180 beats/min. 

Montpetit (1972) monitored eight male gymnasts performing routines 

on four events at three 1evels of difficulty; novice and junior compulsory 
.( 

routines and senior optional routines. The mean terminal heart rateS for 

the three levels were 136, 158 and 180 beats/min. for no~~e, junior and , 

senior routines, respectively. The greater the difficulty Ci .e. the 

greater the number of medium and advanced stunts in the routine) the higher 

was the ca~diac response. Th~ senior routines were found to e1icit the 

hiJhest heart rates with a maximal rate of l82±4.6 beats/min., fo110wed 

closely by the still rings (181t3.9 beats/min.), parallel bars (180±5.7 

beats/min.} and side horse (180~4.3 beats/min.) 

Se'} iger et al., (1970) in an earl ier study reported simi lar results 
o 

for 10 male gymnasts performing novice routines i~ fo~r events; parallel 

bar, side horse and stil,l rings. The heart rates ranged from 1.29±8.0 to 

l36±9.0 beats/min. Reporting on female gymnasts, Seliger et al., (1970) 
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monitored neart rate responses 

for male gymnasts. Fioor 

i Jar intensity to that reported 

\. 
re no\ studied, but they 

dtd record mean values of for uneven bar routines, 

133±J3.7 bea!s/min. for vaulting and 130±12.6 beat~/min. for the balance 

beam. 

Montpetit (l972} observed an elevàtion in heart rate prior to the 

performance of routines. This anticipatory reaction was similar in inten

sity regardless of th~ difficulty of the routine about to be performed. 
( . '\ 

A simi lar anticipatory response has been noted in telemetry studies evalu-

ating male an'!. female tracR. athletes CMcArdle: et al., 1967; and Skubic 

and Hi 1 gendorf, 19641 and ski j umpers' (tmhor et a r-., 1969). Un 1 i ke gym

nasts, track athletes showed a significant difference in the a~ticipatory 

heart rate depending on the duration of the event to be run. In preparat"ion 
~ 

for a 60 yard '"run the anticipatory hèart ra.te represented 74 percent of 

the heart ra,te adjustment recorded for the activity while for the two mile 

run the anticipatory heart rate represented only 33, percent of the total 

heart rate adjustment. 

ln two male gymnastic events, side horse and stl1 1 rings, the 

'\ 
highest heart rates were observed after the comp1etion of the routine 

(Montpetit, 1972). This could be due to the fact that sustained muscular 

contractions predominate in performing these routines. ,W"ith sustained 

exerci~e there is mechanical compression of the blood vessels which impedes 

blood Flow. At th~ end of exerc i se both blood Flow and heart rate increase 

to a peak and t~hen fa II to resting levels (Lind and McNicol, 1967) . 

[n another study, [mhof et al. , (1969l attributed an i'ncrease in 
<:. 

heart rate in ski jumpers after, the land ing to the release of catecholamines 
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during the Jump, which was brought about byemotional stress. After admin

istering 40mg of oxprenolol, a'brta-receptor blocking agent, the emotional 
l ' 

tachycardia was reduced by 34.2 percent and the increase in he~rt rate 
p 

after 1,and.ing was n'egl igible. 
-

.,- ) Evaluating the irttensity of'gymnastic routines on the b~ses of, /", 

h~rt rate respons~ lS possible using the classification established by 

Andersen (197Œl. The heart rate responses reported by Montpeti{ (197Z) 

for' senior routines are classified as Ilvery heavy" in inte~sity while the 

heart rate responses observed by sèl iger et al. (1970) for both male and' 

female gymnasts have al'l intensity rating of IIheavy ll. 

Andersen 's Heart Rate Intensitr. 

Cirading, 

Very Low 
Low 
Moderate 
Heavy 

.Very Heavy 

Heart Rate (beats/min.} 

L.. 75 
75-100 

100-125 
125-150 

;:.. 150 

Altefnativ~ly, heart rate intensity can be evaluated using the 

Karvonen method. Karyonen (1957) formulated a method which uses potential 

heart rate Ci .e.'maximal heart rate minus the resting heart rate) for the 
- '1 

\ 

estimation of work int~nsity. Methods which use a percent of the maxi~al 

neart rat~ for th~ prediction of intensity are at a disadvantage .because-
~ , 

of the inequa 1 i ty that exi sts between the percent of heart rate ma.i~"and . 

the percent of ~02max. For examp le, a 70 percent heart rate max. respons.e 

, corresponds to a 55-60 percent VOzmax. (fox et a'i .• 1971). However, whe~ , 

the percent heart rate is correcled for resting heart rate a much more 

accurate predlction,can be made. After testi~ nlne subjects on a tread-

. '( 
, 

L-. 
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m'lill at four 5-minute workloads representing 25 J 45,65 and 85 percent of 

thetr VOZmax, Davis and Converttno (l975} showed that the Karvonen method 

of predtcting exercise tntensity was not signific;antly different Cp 0.05) 
l , 

from the e~rcise intensity actually measured during the test. In this 

same study'they determined that the standing resting heart rate (as~op-

posed to resting heart rates obtained while sleeping, \upon awaking in the 

morning, or durinl supine restl was the best measure to util Îze in'deter

m rn ing pote~heart rate c, 

~ rvonen Formul a' 
• 

Exerc,ise;'lntensity = Workin~ HR. - Restins HR X 100 

Maximum HR Rest ing HR 
'~ l' 

~ 

~ 

Using a Kofranyi-Michael is resp i rometer to aIr, collect exp i red 
J 

Sward (1967), Sel iger et al." (1970) and Montpeqt (1972), were able to 

calculate the energy requirement of gymnastic routines in ter~s of met~-

" bolic cost in kilocalories and oxyge~ consumption. Montpetit (1972) 
, 

found an ener.gy ,expenditure from 12.4;!;2.5 kcal/min. on the parallel b.ars 
. , 

to 18.6±3.1 kcal/min. on the side horse while Seliger et al., (1970)' 

" , . 
found sI ightly lower values ranging from 13.lz3.1 kcal/min. on the paral-. . 

leI bars to 17.5±.4.5. kcal/min. ~on the high bar. Sward (1967) reported 

values ranging from 7.2 kcal/min. on the ~till rings to Il.4 kcal/min. on 

" othe side horse. Sward also repo<l"'ted an "energy expenditure of 10.6 kcal/ , 

'min. for both ~nts flo~r exerClse and long horse vaulting, two events . 

wh i ch were not mea,sured by e i ther .Mon tpet i t of Se 1 i g~r. In Se 1 i ger 1 s 

1 
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1 

article', the tnvestigators reported on the results of still another re-
, 

searche1 (Blochin, 1965J who found values of 6:1 ta 24.4 k~al/mrn. for 

tumbling and ·Jloo'r exercise and values for 12.7 to 39.9 kcal/min. for 

a~paratJs e~ercise. The,mde range in values could possibly be due to 
1 

differe1t laboratory procedures, age and size of th~ subjects, and the 

abtltty :levels of the gymnasts and/or the difficulty level of the rou-
, 

• f 
tlnes used by the ~nve~tigator. 

! 

Fot female gymnasts, Seliger et a1., (1970) report'ed consistently 
1 

lower energy expenditure for routines on the parallel bars (10.5±. 2.2 

kcal/mim.), balance beam (IO.3±2.4 kcal/min.) and vaulting (9.2±2.5 kcal/ 
1 

m,in.). iThe only ~ther repo~t avai lable on female gymnasts was that by 
. 

Spitzer. and Hel 1 iger (1969) who reported even lower values of 9.2, 8.6 

and 6.9
1 

kcal/min. for v~u1ting, uneven paraI leI bars and balance beam re

spect i v~ 1 y. The lower Ja J ues wou 1 d be expected because of the sma 11er 
1 

body sr~e of the female gymnasts as compared ta the male gymnasts. 
D 

o 

1 

Inl terms of oxygen onsumption, Montpetit (1972') and Seliger et al., 

(1970) [by means of indir ct calorimetry, reported simi lar' ..... findings. for male 
1 ! 

gymnastS with values ran ing From 16.4±2.5 to 2ü.S±6.3 IDJ/kg,·min., while 

s~ar~ (using the same me~hOd) reported higher values of up to 34.7 ml/kg. 

min. fdr s,i~ horse rout:ines. Again, discrepancies -ïn oxygen consumption 

measur~ments are most t~ely due to differences in ~he lengthand diffi-
1 

'cult y df the routines u ed in each study as weIl as differences in the 

age and s Îze of the sub ects. For female gymnasts, Sel iger et al., (1970) 

fôund an average oxygen 
1 

ance biam, 16.S±3.6 ml/ 

kg,·mi~. ln vaulting. 

. ~ , 

consumption of 15.0±4.9 ml,{kg.·'lilin. for the bal
t 

g .• ·min. for uneven parallel bars and 16.9±3.5 ml/ 
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Summary 

1. Heart rate responses to performing g~nasttc routines are 

c 1ass if i ed as IIheavyll_ (12~-150 beats/m in.) to .Ivery heavy·· (greater than 

150 beats/min.) (Andersen, 1970). 

2~ Telemetry monitoring of gymnasts while performing routines has 

revealed that there is an elevation in heart rate prior to performance 

(Montpetit, 1972). 

3. In tw~ male events, side horse and still rings, the highest 

heart rates occur after the completion of the routines (Montpetit, 1972) 
\ 

due to the effect of sustained muscular contractions (Lind and McNicol, 

1967) and the release of catecholamines (Imhof et al., 1969). 

2.4 BLOOD LACTATE CONCENTRATI ON FOLLOW 1 NG PH'yS 1 CAL ~XERC 1 SE 
a 

Glycolysis and oxidative phosphorylation are two processes which are 
, , 

"'-

responsible for the production of ATP, the mpjor eqergy source for muscle 

contraction (Astrand anf Rodhal, 1977). The"mechanism of anaerobic gly-

colysis is necessary for the regeneration of ATP under hypoxic condi,tions 

(Gol1nick and Hermansen, 1973). During exercise there are two situations 

during which there wi 11 be an insufficient oxygen supply in the muscles: 

(1) at the onset of exerc i se when the ca rd io-resp i ratory ,adj ustments 1 ag 

behind the increased metabo'l ic -demand and (2) during very heavy work when 
r 

the oxygen requ i rement for ATP product ion exceeds the oxygen consumpt i C?n 

(Karlsson, 1971; Nagle et a1., 1970; and Saiki et a1., 1967). With a 

limited availabtl ity of oxygen, t,he chemical reaction of ATP resynthesis 

is altered and pyruvate is converted to lactic acid by lactic de~ydro~ 

, r 
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genase"" (LDH), which diffuses. from the muscles into the blood CAstrand 

and Rodah1, 1977}. 

The b100d lactate concentration following exercise is determined by 

the intensity and duration of the exercise, the type of exercise being , 

performed, and the fitness level of the individuàl. At intensities be-

10w 50% VOZmax there is no accumulation of ,,}actic acld in the average 

individual because at this work rate there ts suffictent oxygen, to syn-
c, 

thesize ATP aerobically CKarlsson, 1971). However, after extensive train-

ing, which improves the cardio-respiratory system, intensities as high.as 

85% V02max can be maintained wi thout sign'ificant in~reases in b100d 1ac-
, 

tate concentration {Costi1,1, 1970; and Cbstil1 and Fox, 1969}, Training , , 

a1so results in 10wer lactate levels at submaximal workloads and higher 
} } 

concentrations at the end of exhaustive work (Cunningham and Feù1 kn'er , 1969; 

Her';1ansen and) Andersen, 1965; Kar,lsson, '1971/"KarIS~SOn et a1., 1972; 

Kilbom, 1971; and Penny and Wells, 1975). The untrained person is more 
J' 

dependent 'on gJycol~,tic energy production and in addition possesses higher 

concentrations of ADP in the skeletal muscles, which causes stimulation 

of 9 1 yco 1 yt i c ac t i vi ty (Nag 1,e, 1 973) . 

1 n reference to the type and dura t i on of exerc i se i t has been ob-

served that work wi t~ sma II musc 1 e groups wi 11 produce greater 1eve 15 of 

b100d lactate than work with larger muscle groUps, Also, work at high in-
\ 

tensityan,d short duration produces the highest lactate levels measured 

thus far (Astra~d and Saltin, 1961; Cumming and Faulkner, 1969; j;lnd Karl-
,"-

sson, 1971). 

-As ,stated prey iousl y, arm exerci se, as c9mpared to leg exerci s~, 
\ , 

causes a higher rise in heart rate, blood pressure, pulmonary ventilation 

,1 

\ 
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/ 
and blood lactate concentration CAstrand, 1968}. Bècause the feel ing of 

exert ion depends- great'l y Orl the rate of 1 actate product ion, work wi th 

small muscle groups will el icit this feel ing despite the relatively small 

amount of energy utilized. Although ~igher levels of blood lactate are 

obtained with arm exercise after submaximal loads, ~ëÏgerman et a1., (1974) 

have obsl}rved maxtmumClactate levels comparable to those obtained with leg 

, work. They reported a mean lactate maximum,of 131mg% with a range from 

115 to 153mg% for women after exhaustive ergometric rowing. 
, 

Hermansen et al., (1965), SaiO et a1., (196]) and Penny and Wells 

(1975) provided evidence that, lactic,acid accumulation is greate,st dur-

ing the first few minutes of exercise due to the oxygen debt caused by 

the inefficient cardio-respiratory adjustment t6 the h~gher metabol ic re: 

, quirement. Maximal lactate. concentrations are obtained after brief ex-

haustive work betwe'en one to 10 minutes in length witb the highest values 

recorded with a sevefi minute test (Karlsson, 1971). As-trand and Saltin 

(1961) ~iported maximal blood la~tates between 160 to 175mg% for male sub-

-----jects and about 135mg% for female subjects using exhaustive intensities 

that terminated the t~st between two to eight minutes. As a result of 
. \ '-

these observations it \has been concluded that sporting events_which are 

short in duration and high in intensity rely heavily on the lactic acid .. 
system for ATP production (Mathews and Fox, 1976). 'By measuring blQod 

lactate levels after exercise of short duration (Jess than 10 minutes) 

the intensity of the activity can be evaluated with greater 'accuracy pro-
" 

yided the WOf'k engages large muscle groups (Astrand, 1956; Gollnick and 

Herman sen, 1973; and Ka rI sson, 197 J} . \ 
\ 

Cr,anford (1972), in a recent lnvest ig.:ition of blood lactate concen-

( 
l' 
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trations as related to various intensities in women has devised the fol-

lowing classification: 1 

Cranford 1 S B lood Lactàte llitensitl Classification 

------
Classification Lactate eX resting value) Heart Rate(bpm) 

mi Id within normal 1 imi ts 120 
mocjera te 2X 1'40 
heavy l 3X 160 
strenu 's 6X 180 
maxima 1 greater than 6x 9 reater than 180 

, , 

" When the durat ion of an act i~-i ty exceeds 10 minutes there is a de-

\ cline in the blood lactate levels as the lactaid 02 deb.t, caused by the 

onset of activity, is repaid when a Iisteaqy state" between oxygen require-

ment and oxygen consumption i~ attained (Costill and Fox, ;969; and Saiki/ 
1 

et al.~ 1967). This reduction in lactate level is apparent even at high 

intensities.' Nagl
j
e et aL, (1970) reparted that at intensities between 

, 
74-79% VOZmax, ··Iactate .Ievels plateaued at 45mg% by the 20th minute of a 

40-minute exercise, while at intensities of 67 - 74%'VOzmax, lactate levels 

ranged from 18 to Z9mg% and were sustained over a 60minute exercise period. 

Low lactate levels have also been reported in cross country skiers by 

Astrand et al., (1963) and marathon runners by Costi 11=and Fox (1969) and . 
Costi 11 (1970). In marathon runners uti 1 izing 75% of their aerobic ca-

pacity, post race-lactate values average 19m9%. From his observat'ions 

Costi~concluhled' that in long duration events there is'an "Inv.else cur-
1 /' 

vilinear relationship between 'the length of the competitive race and the 

blood lactate concentration." Astrand et a1., (1963) came to a simi lar 

conclusion about c;:ros~ country skiing, repc;>rting a d~c'rease in lactate 
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accumulation with an incr~ase in the distance of the race despite sim-
.. :t. 

i lar intensities of work. 

A cpmpilatton of lactate levels in sports activities and exercises 
.~ 

of various i,ntensities and durations are presented in Table 2. It can 
Pi 

cl_~arly be seen that the shorter,more intensive activities produce the 

highest levels of lactate at 216mg% and marathon running the lowest at 

19m9% . 

Table 2. Blood lactate concentrations foJlowing various types of phys. 
i ca 1 exerc i se, 

Reference 

'Ma les 

Astrand and Saltin(196J) 
Astrand et al. (1963) 

/ 
Faulkner & Cunningham 
(1969 ) 
Costill and Fox(1969} 

Astrand and Rodahl(I~+) 

Females 

Astrand (1960) 
Cranford(l97Z} 
Hagerman et al. C1974l 

Type of exercise 

bicycle test' (2-8 min.) 
cross country skiing 

IOkm race 
30km race 
50km race 

short exhaustive run 

running events 
IOkm race 
marathon 

skiing events 
down hi II, ~k i i ng 
speci~/ slolam 
9 i ailt sI 01 am 

cross country motbrcycl ing 
maximum bicycle test 
maximum run* 
maximum dash** 

maximum bicycle test 
exhaustive run (5 min.} 
ergometric rowing 

Blood lactate 
(mg%) 

160-175 

139 
68 
39 

96-156 

131 
19 

113 
135 
144 

71 
180 
180 
216 

121 
105 
130 

*3 X 1 ,000m at maximum speed with a few minutes rest between 
**3 X 50 second sprint 

1 
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,1 

Few studles have beèn conducted on the anaerobic capactty of women. 

At submaximal workloads women hav~ higfuer heart rate, more rapid inerease 
, 1 

in heart rate-, higher diastol ie blood pressure and higher laètate con:-

centrations CCranford, '1972; and Drinkwater, 1973}. At max ima 1 work, 
.,;:c' 

Mathews and Fox (1976) and Astrand and Saltin (1961) reported that fe-

males tend ta have lower levels of lactat-e than males due mainly to their 

smaller muscle màss. 

$ummary 

1. When the muscles exercise unde'r ~ypoxic conditions, lactic 

acid is produced by the tissues and diffuses into the blood (Astrand and 

Rodah l, r977). . 
'-

2. Blood lactate concentration following exercise is determined 

I;ly: (1) the ,intensity and duration of the ;xercise (Astrand and Saltin, 
--~ 

, 1 

196.1; Cunningham and Faulkner, 1969; K~rlsson, 1971; and Ka,rlsson et ,al'. , 

1972), the type of exercÎse being performed (Astrand et 'al., 1968; and 

Hagerman et al., 1974), and the fitness level of the individual (Costi11 , 

1970; and Costi 11 and Fox,' 1969). 

3. Maximal lactate concentrations are obtained\after brief ex-

haustive work between 1-10 minutes in length with the highest values re-

corded with a seven' minute test (Karlsson., 1971). 

4. W'ork with smalt muscle groups will produce greater lev,els of 

blood lactate than work wrth larger muscle groups '(Astrand et al., 1966; 

and Hagerman et al. J 1974). 

5. The more highly fit individual will attain lower lactate 

levels at submaximal workloads and higher maximum concentrations at the 

1 



e-

34 

/ 
e/1d of exhaustive work (Costil!, 1970j and Costill and Fox, 1969). 

6. Blood lactate levels will begin to decline if the duration of 

the activit~ exceeds 10 minutes. Law lactate Jevels have been observed 
, 

for bath cross country ski ers and marathon runners (Astrand et al., 1963; 

Costi II and Fox, 1969; ahd Costi 11, IS70}. 

7. Women have higher lactate levels_at absolute submaximal work-_ 

loads than ,men, but tend to have lower Jevels after ~ ~aximal test (Cran-

ford, 1972; 'Drinkwater, 1973; and Mathe~s and Fox, 1976). 

2.5 PHYSICAL AND ANTHROPOMETRLC VARIABLES AS THEY RELATE TO GYMNASTIC 

ABIl[TY 

;1 "-

To date, most of the research in this area has concentrated on evaT-

uating various physical characteristics and capacities which may be rel-

evant in predicting gymnastic abiJity. Wettstone (1938) formulàted a re-

gression equation to predict potential ability. This equation had a mul-

tiple correlation of .79 and consis·ted of two anthropometric measurements 

(thigh circumference and height), a str~ngth score based on a three item 

test (chinning, dipping and thigh flexion), and an agi 1 ity score acquired 

from the administration of the Burpee test. 

Read (1967) after evaluating anthropometric, and strength cha,racter- '/ 

istics in high school gymnasts, conclucled that the good gymnasts averaged 

significantly Jess than poor gymnasts in measures of standing height, slt-, ' 

ting height, arm span, leg length and upper arm length. He also stated 

" 
'that the good gymnasts were more ponderous than the poor gymnasts and had 

proportionally greater chest breadth than chest depth. 



. 
\ 

35 

The first study to evaluate factors to predtct performance abtl ity 

us1ng, female gymnasts was carried out at California State College (Young-

ren, 19691. The variables evaluated were height, weight. a ponderal in-

dex and three skinfold measurements or the triceps, abdomen and thigh. 

The only high correlations were observed with triceps and total skinfold 

sites to uneven bar scores. A moderate correlation existed between the 

same skinfold measurements and vaulting scores. 

Another investigation using top female gymnasts was reported by Pool 

et al. (1969). 
1 

Subjects for this research consisted of 38 female gymnasts 

From the 1967 European Championship, in Amsterdam. Again a variety of-

anthropometric and physical measurements were obtainéd and the important 

results were as follow,s: 

1. Tne scapula skinfold was negatively correlated while thorax 

width was positively correlated with all-around score. 

2. The running distance,used as an approach to-the vault and the 
. 

time t~kén to cover that distance was significantly correlated 

wi th the v,~u h i ng score. 
i: ,-

3. Jumping height was s,ignificantly correlated with the vaulting 

score. 

4. The -running time for the approach to the vault correlated 

significantly with ,the mark for floor exercise. 
~ 

5. Body height and weight as weIl as handgrip strength did not 

correlate significantly with performance scores. 

Korando (1970; and Boyd (19711 attempted to determine predictor 

variables for single events. Korando, investigating balance beam per-

formance of beginners found that the most valid measure contained the 
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modified Scott sideward leap test and the experience variable. Eyal-

, uating predictors of success on the uneven paraI leI Dars, Boyd 20ncluded 

that the most effective single predfctors were· vertical jump, flexed arm 

~ng, weight and Dent leg sit-ups. The most significant combination of 

tests was vertical jump and flexed arm hang with an R=.38. 

Data collected on 15 variables for 216 female gymnasts participa-

ting in the 1974 On-tario provincial Championships are still at this time 

under evaluation but tentative findings have been published (Wilson, 1976). 

It was reported that six of the 15 variables showed significant rela~ 
, 

) tionships for the uneven bars, balance beam and fJoor exercise,' while 

eight variables were significanily correlated ta the vaulting score. 

High correlations were found between attractiveness anq the vaulting and 

uneven parallel bars events 1 and the number ofyearsof competition with 

the balance beam and floor exercise events. The highest correlation of 

.90 was observed between the preflight jump on the horse and the ability 

level. 

Gates (1974) examined 12 structural and functional measures to com-
" 

'l' 

pute predictive equations for twd menls events (rings and paraI leI bars) 

plus tumbling and trampoline. The highest multiple correlation (R=.75) 

was obtained for ring skills. The variables that were most frequently 

selected to predi~ ability were dips, sustained hand grip, weight and . 

pull-ups. 

Summary 

/ 

. . ' 

1. stze, strength and agi lit y were import9nt variables for pre

dicting potential abi 1 ity in gymnastics CRead, 1967; and Wettstone, 1938}. 
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2. Triceps and 'total skinfold sites wère highly and moderately 

correlated to uneven bar and vaulting scores (Youngren, 1969}. 

3. Scapula skinfold, thorax width, jumpping height and the run

ning distance and time to the vault were signCficantly correlated to 
,/ 

gymnastic scores (Pool et al., 1969). 

4. Beginni99 balance beam performance was best predicted by the 
1 

'90dified Scott sideward leap tef5t and experience (Ka r,a n do , 1970). 

5. An R=.38 was found between uneven paraI leI bar scores and a 
. 

combination of veryical jump and flexed arm hang (Boyd, 1971). 

6. High correlations were found between attractiveness and the 

vau 1 t i ng and uneven ba r scores (W i 1 son, 197,6). 

7. High correlations were found between experience and the bal-

ance beam and floor exercise events (~ilson, 1976). 

a .. Strength and weight variables were the best predictors of 

abilityon the rings, paral1el bars, tumbling and trampoline for men 

(Gates,1974). 

2.6 THE VALIOIYV OF GYMNASTIC JUDGING 

1 

ln gymnastic competition, and an'yother,sport inwhich artistic, 

qualities must be eval.uated, 'th, ability and relative success or fail

ure of each participant is detlrmined by judges. Whenever this type of 

evaluation is necessary there are always doubts about tJ:te accuracy, re-
.' 

liabil ity and objectivity of the Judges. In an attempt t~ evaluate 

-
gymnastic judges, researchers have applied varioous approaches to examine 

this problem (Calkin, 1969; Huges, 1959; Hunsiker and Loken, 1951; 
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Landers, 1970; and Wilson, 1976}. 
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For most competitions there are four judges evaluattng eacft event.. 

To deterf!line tl'le gymnasts score, the high and low scores are tftrown .out 

and the middle two scores are averaged. One approach used to study judg-

tng is to evaluate the range of scores glven -to each participant and 

then calculate the average difference' between the higl'l and lowscores 

for the whole meet (Hughes, 1959; and Landers, 1970). lt has not yet 

been determined what tl'le average difference should be for a weIl judged 
i 

meet but i t i s assumed that th~ lower _ the ~ge of scores for a part i-
, 

cular performer the better or more objective is the quaI ity 'of the 

judging (Landers, 1970). 

Another approach is to investigate the correlations between the 
, 1 

judges scores or between the sets of ranks establ ished by each judge 

(Landers, 1970). Hu_nsicker and Loken (1951) calculated the intercor-
, 

relations of five judges?n six events in the men's National Collegiate 

Athletic Association Gymnastic Meet. There was good agreement, between 

judges as 50 relationships attained an r=.85 or higher. They also con-
..! 

cluded that scores for the horizontal bar"were the most objective (i.e. 

showed the greatest amount of' agreement), whi le floor exercise scores were 

the least consistant. In another study, Lander~ (1970) reported tpat 

t,here was poor agreement ln events having a small range of abi'l ity and in 

icoring routines in which there was a fall from the apparatus (i .e. in

complete p;rformancesl. 

During the 1972 Canadian Women's European Trials Competition the 

routines on the uneven parallel bars and the vaulting were videotaped 

From four different view.points, and rej~,dged at a later date by the same 

'" 
, , 

, 
\ 

.\ 
-; 
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judges that scored the meet (Wilson, 1976). Correlations were calcula-

ted between the competition scores ,and the videotâpe replay scores to 

• 
eva,l uate j udg lng val id i ty. The average correlation for uneven paraI leI 

bar scores showed a high concensus reliability at .95 but very low for 

vaulting with 'an average of .09. To evaluate retest reliability, cor-

relatl'ons were calculated from Judges vi,ewing each performer from each 

'camera 'position twice. Again the uneven paral1el b.ar routines hadja high 

average correlation of .96 and the vault a low average correlation of ,. 

-.03. From the results of this study it can be concluded that judges' 

scores for uneven parallel bar routines 'Can be considered highly vali-<:I 

, 
andJeHable estimations of performance while vaulting scores are not ' 

\, 
as v.a 1 id 0 ras re 1 i ab 1 e • 

1 n 1969, Cal ki n developed a computer pr:ogram to eva 1 ua te gymnas~ i c 

judging. The information he obtained enabled1him to determine if a judge's 

score differed si~nif'ieantly from the other judges or if the 'entire 
./ 

judglng pahel differed significantly from judges that had evaluated the 

individual or team in the pasto He did however contend that there 'tnay be 

very valid reasons for a difference in"score from one me~t to the next as 

glymnasts would be expected to improve with time or have a bad day Just 
'II • 

1 ikeoany other athlete. 

.. 

... 
• 

. . 

" .' 
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METHODS AND PROCEDURES 

Thirty ~trls from 9ymnastic clubs and high schools in the Montreal 

-area, between the ages of lJ and 1'3 year~, vol,unteered to be subjects in 
~, 

-this stu,dy . One subJ,ect'was droppedr however, due to incomplete data. 

ln'fo'rm~d'c~n~e~t 'wa's ~btained.'from' a'll participa~ts. The girls were all-
j / "'- 1 1 

around ~ymnasts and had been training in gymnastics for at least one 

season. For the purpose of statistical analysis, all-around scores were 

used to divide the 'su~jects into two ability levels. The low ability 

gymnasts (n=17) had aIJ-around, scores below 20 points whiJe the high abil-

ity gymnasts (n=12) had total scores of 30 points or greater. t 

3.2 LABORATORY TESTS . 
'3.2.1 MAXlMUM HEART RATE AND MAXIMUM AEROB1C CAPACITY 

!~"5'\ 
1 

A pra~d, discontinuous bicycle ergometer test was utilized to de-

termine each subjects maximum heart rate and aerobic capacity. The in-

ltial workload was set at 180 kpm/min."with a pedaling frequehcy of 60 

rpm set Jy a metroho~e. Thereafter, the workload was incremented by 
1 

r80 kpm every three mihutes with a one minute rest perfod, (pedaling,at 
'-

zero resistancel, pe~mttted between each workload. With"the subject 

.f)reathJng lnt,!) a Jow reslstance Hodifled Otis McKerow valve, expired air 

• 
1 
1">r 
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was collected in a Douglas bag during the last minute of each workload 

and ~nalyzed for percentages of oxygen and carbon dtoxide 5y Beckman OM
~ 

II and' LB-2 analyzers. The ana1yzers were cal ibrated against a Known 
1 

reference; gas prior ta each testing session,' The volume of inspired air: 

was measured with a Parkinson Cawa'ns gasometer. Heart rate was recorded 
1 

." 

at rest, during the last 15 seconds of each worklood, and douring the first,' , ~ 

1 

third and fifth minute of recovery with a'slngle channel ECG recorder. 

'Electrodes were placed for a b!polar lead recording at the manubriu~ and 

the Vs position. , After an R .. ,~. of 1.0 had been obtained, the test wa's 

terminated at the point of vol itional exhaustion. 

3.2.2 ANAEROBie ALACT'IC POWER 
1 

Maximal anaerobic power can be measured by evaluating the energy re-

lease during the first four' to five seconds of maximum exercise. The 

power that can be generated in a very short exercise is di~ectly related 
, ,~ \ \ ' , 

to the s'p 1 i tt ing rate of the hi gh energy phosphate compounds (ATP and CP) 

(Astrand and Rodhal, 1977). The Margaria-Kalmen power test (Mathews and 

Fox, 1976) was utilized to measure alactic power in aIl subjects. This 

test involves measuring the subjects speed for a speci~ic vertical com-

panent during a maximum run up a flight of stairs. It has been deter-

mined that an individual can reach peak velocity within two seconds when 
o 

running up a set of stafrs and can maintain fhat speed for only three 
l> 

seconds (Margar i a, J 9661. 
,-

,r \ 

A Dekan performance analyzer, wÎth two contact pads that control 
o 

the t imer, was used ,ta measure the subje~ts speed ta the nearest nundreth 
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of a second. The first mat, which starts the timer~ wâ~ placed on the 

fourtlL stair and t!Le second mat, \.'IlLich. stop!i the timer, was placed on 

the tenth stair. A starting J ine was located six meters from the first 

stair. The height of each stair was 17.5 'centimeters. 

Each subject was instructed to ascend the-stairs as quickly as pos-

sible: by contacting the first stair and thereafter three steps at a time. 

Six trials of the test were taken with a one to two minute rest between 

trials. The best (fastest) time was recorded for the calculation of an-

aerobic alactic power, which will hence forth be known simply as "power" 
1 

in this study. ~owing the individuals weight, thé vertical compone t 

Cl .05 meters), and the time, power was 

second using the following formula: 

p= W X D 
t 

p= ~power (kg -m . ./min.) 
W= weight in kg. 
D= vertical height between the fiAst 

and last test stair in meters. 
t= time recorded From the first to 

last test stair to the nearest 
hundreth of a 'second 

3 ',2.3 ANAE~OB (C LACTATE CAPAC 1 TV AND MUSCULAR ANAEROB 1 C ENDURANCE 
o 

l' 

Maximum blood lactate is an indication of an individuals anaerobic 

lactate capacity (Cummin~, 1970). The highest concentrations of blood 

lactate have been recorded after brlef exhaustive worK between one to 

;< •• , .... ~ ten minutes in length CAstrand and Saltin" 1961; Karlsson, 1971; Ma~hews 

and Fox, 19761, witft the highest values recorded after a seven minute 

test. 
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To obtain maximum &lood lactate leyels, eacrr 5~bject exercised on 

the bicycle ergometer at a pedaltng frequency between 60 and 70 rpm and 

at a reS,lstance corresponding to six percent of her body weight in kilo-

~ grams. When the subject dropped below a speed of 60 rpm or when she be-

came maximally fatigued, the tes't was terminated. This work rate was 

sufficiently inte~se to tax the anaerobic energy system maximally and 

'\ •• fh b d'h' cause termlnatlon 0 t e test etween two an elg t minutes. Blood sam-

Pl?:re taken from a pre-warmed and dry finger tip, prior to the test 

and ive minutes post exercise. Analysis for lactate concentration was 

pe formed on ea~h sample using the enzymatic ~echnique developed by Cal-

biochem (Ca1biochem rapid lactate reagents, 1975). 
j. 

The total duration of the test in seconds was determined for each 

subject. The measure of anaerobic muscular endurance used in this study' 

was the length of time in seconds that the subject could pedalo ~ submax

imal load (six percent of body weight) at a rate between 60 to 70 revolu-

ticn per minute. 

3.2.4 _ STRENGTH BA,TTERY 

1/2 

tal 

cc 

/"" . /'" 
~-

A cable-tension strength t~t~att:~ry for girls ages II 1/2 to J4 

~ears, ~eve~r~~n~ Munroe (J970) was used to evaluate ,to

body strength. This test battery has been found to produce a high 

multiple correlation CR=.9411 witn total body strength scor~s and there

< fore, is a good predictor of overall strength for this_age group.' This 

battery measures strength values for should~r extenst~n, hip extension, 
, 

and trunk extension. ln each instance a strength composite was calcula
I 

1. 

, . 

--------------............. 
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ted by adding the gross score in pounds from the three cable-tension 

strength tests. This score was then converted into kilograms and divided 
1 

by the subjects b08y weight in kg. to give a relative strength score for 

each s.ubject. Maximum isometriG contractions were performed twice for 
1 

each test. A rest petiod of at least one minute was provided between 

each a ttempt. 1 n a 11 cases, 
o 

strength was measured on the subjects dom-

inant side. Jhe best socre from each test was used to caléulate the 

strength score . 

. 
3.2.5 FLEXIBILITY BATT~RY 

A flexibility test battery measuring -the movement range of four body 

parts was administered to each subject. The movements and measurement 

procedures utilized were modifications of those developed by Leighton 
-

(1955). The test items were speciffcally serlected because of their im-
'\ 

port~nce in gymnastic performance. The movements measured were as fol-

lows: (1) active hip abduction (both legs), (2) active 'hip flexion (both 

, I,egs), (3) shoulder hyperflexion and hyper~~t~ns ion, and (4) trunk flexion 

and extens i on. . . 
Each range of movement was measured in terms or degrees of rotation 

with a Leighton Flexometer. The instrument was st1apped to the body segment 
, 

to be tested. The dia! was locked into position on zero degrees when the 

subject assumed the starting positi~n. The subject then moved the body se9-

ment through the greates~~ possible range of movement and the pointer was 
, 

locked. Degrees of rotation for the movement were read directly from 'the 

instrument. Each of the eight measurements were repeated twice and the mean 

/ 
" 
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\ 
score fat each test was added together to determine the total flexibil-

ity score Ci .e. Flexioil it)"'" hip abduction - left le9 + h-ip abduction -
, 

right leg + ftip flexion - left 1eg + hip fle«ton - right le9 + shou1der 

hyperflexion +' shoulder hyperextension + trunk flexion + trunk extension). 

A third measurement was ta ken. if the scores were not within five degrees. 

Test Descriptions: To prevent injurYt subjects were anowed a sufficient 

warm-up period before extreme positions were attempted. The testing pro-

sedures for each of the individual tests were as follows: 
; -

(l) Active Hip Abduction - both legs: 

Starting po~ition: 

Movement: 
Ca} 

standing position, feet in first 
position, heels together, knees 
outwardly rotafed, side to the 
wall, one hand on the wall for 
balance. The dial _was locked in 
the starting position. 

- The subject then elevate9 the 
;knee on the leg being te/sted, as 
high as possible (a) and straigh
tened the leg maintaining as much 
abduction as.possible (b). The 
pointer was 'locked in this posi~ 
tion and degrees of abduction re
corded. 

(2) Act/ive hlp flexion - both legs: 

. Starting position:" 

Movem~nt: 

(al . (h) 

- stand i ng ,pos i t i on, feet together, 
heels against wall, arms at the 
sides. The dia1 was locked in the 
startlng position. 

- The subJect then e1evated the 
knee on the 1eg being tested, as 
htgh as po~sib,le Ca} and s,traigh
~ened the le9 maintatning as much 
flexion as pos~rble(Pl. The point
er was locked in this position and 
d~egree,s of flexion rec0rded. 

/ /; 

-1 
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(3) Sruoulder Hyperflexion and Hxperextensio~; 

Hyperflexion starting position: 

MoQement: 

Hyperextension starting position: 

Movement: 

(4) 
, 

Trunk Flexion and Extension: 

- standing position, legs togèther, 
back pressed agatnst a door jam, 
arms above head, palms facing in
wards and towards each other. 
The dial was locked ln the start
ing postt io~. 

- To keep the subjects back against 
the wall jam to prevent lower 
back nyperextension, pressure was 
appl ied at the ster-flum and, abdo
men. The subject then hyperflexed 
the shoulders as far as possible. 
The pointer was locked in this 
position and degrees of hyperflex
ion recorded. 

c> 

- sitting position, legs extended, 
knees straight, arms at sicle, 
fists clenched and positioned at 
the hip. The dial was locked in 
the starting position. 

- Ke~ping the fists at the starting 
position and the arms stralght, 
the subject slid forward extending 
the shoulders as far as possible. 
The pointe~~as locked in this 
position and the degrees of Hyper
extension recorded. 

1 
Starting position - flexion an~d extension 

1 

- standing position, feet shoulder 
width apart, legs straight, arms 
extended above head. The dial was 
locked in the starting position. 
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Flexion rnovernent: 

Cf> 
:). 

~ 
Extension movement: 

3.2.6 AG l LI TY 
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- Keep tng the knees extended at aIl. 
tirnes, the subJect flexed forward 
and downward as far as possible, 
ustng her arms to help,pull her 
further into flexion at the extreme 
position. The pointer was locked 
in this position and the degrees 
of flexion recorded. 

Keeping the knees extended at aIl 
ttmes, the subject extended back
wards as far as ~ossible. Assis
tance was given to help maintain ' 
balance by supporting the subject 
a't the hips. The pointer was 
locked in thts position and the 
degrees of extension recorded. 

To evaluate agility the AAHPER 30 foot shuttle run was per.fo[med by 

each' subject. The test design consisted of two paral1el ltnes, 30 feet 

apart, and two smalt blocks of wood placed on the 30 foot line (Figure l) • 
.,./ /' 

Two subjects were tested at th~~samé time. The procedure was repeated 

three times wi-th a rest period of at least three minutes between each 

trial. The subjects started in ~he standing position behlnd one ol the 

lines, with the blockS of wood 10cated on the ~pposite !ine. On the com

Jands '~readylJ, "GO" the subJects wece instructed to ,run to the oppos i te 

line, plck up one block, run to the original line and place the black on 

the line, return to the opposite line again, pick up the second block 

and back over the starting, 1 ine as guick.ly as possible. ,Each 

two stop watches that recorded the tErne to the 

nearest tenth of a second. The fastest ttrn~ was recorJed as the agtltty 

score. 

" 
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30 feet ______ ... 

~iqure 1. AAHPER 30 foot shuttle run. 1 

1 - / 

3.2.7 BODY COMPOSlTlON ~ 

Body composition was evaluated by,a composite score of four skinfold 

sites that had been found to b~ highly reliable in evaluating body compo~ 

sition (Montoye, 1970). A Harperden skinfold caliper was used to measure 

the four sites: lJ} triceps, (2) subscapular, (3} abdominal, and (4} supra-

iliac crest. _ The triceps skinfold was taken on the right arm; parallel 

to the long axis of the arm about half way between the tip'of the acrom-

ial process and the tip of the elbow. The subscapuJar skinfold site was 
1 

measured at the tip of the right scapula on a diagonal plane about 45 

1 
degrees from the horiz~ntaJ, laterally downward. The abdominal skinfold 

~ .. 
was' measured by a vertical fold about one centimeter~to the right of the 

navel. The supratltac crest skinfold'site was measured on the ,right mid- " 

axi 11ary 1 ine at the cre?t of the ill ium on a diaRonal 1 {ne, dorsally 

upward CMontoye, 1970}. .~ 
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'/ 'Two roeasurements were taken at eacrr site and when the difference 

between these two measurements exceeded five percent, a third measure

ment was taken. When two measurements we~taken the me~ value was used 
o -' 

as the score for that site. When a third measurement was necessary, the 

m~n of the t~ closest values was accepted as the represent:tive score. 

3.3 FlElD TESTS 

3.3.1 HEART RATE ·INTENSlTY DURING GYMNASTIC ROUTINES , 

~ 'To determine the intensity required for gymna,sts to perform on each 

of the four events, the heart rate response was monitored via radiotelem-

etry during the performance of optional routines. Prior to èlctrode 

placement -the skin was prepared by'first swabing the areas with alcohol; 
c 

then rerooving the horny epidermal layer of skin with an a b'r.a 5 ive. The 

skin was then wiped with alcohol again and dried with 'tissues. Disposable 

(ConMed Medical Electrodes) or reuseable silver-silver chloride electrodes 
, , 

were pla,ced on-\the manubrium and'VS positions for a bipolar lead recording. 

The transmitter lNarco Bio Systems FM 1100 E2), worn around the waist in 

a small padded belt, conveyed information on hèart rate response to the 

reciever (Narco Bio Systems Biotelemetry R~ciev~ FM-llOO-7) and, bio-
, 1 

tachometer (BT-1200) wh,ich in turn prodticed a visual representation on a 

cal ibrated ret:orde'~ CHewlett Packard 400 SM Strip Chart Recorder}. Trans

mission of card[a~ frequency data via a\sihgle channel telemetry link is 

shown in Figure 2. This sb.ort range te lemeùy system uses frequency 
, 

a. modulation .(FMl techniques and operates in the fM broadcast band'! betwe'en 

88 and 108 MHz. The transmitter used, during the experiment was srnall 
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battery powered 
FM transmi tter 

j 

, 

~ 
Bi otachometer 

H 

displays cardi
ac frequency 

/ 
Figure 2. Heart frequency telemetry link. 
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,1 

Recorder 

visual print
out on a beat 
to beat basis 

(3 cm X 2.5 cm X 1.5 cm) and did not hinder the movements of the subject 

during the performance of her ~es. 
Optional routines for balance beam, uneven parai leI bars, floor ex-

ercise and two identical vaults were monitored once d~ring a practice 

situ~tion. Wheneve~ possible, ail routines were monitored on the same 

day and sufficient rest time was .allowed between the performance of each 

routine and between the- two vaults to allow for heart' rate recovery. A 

heart rate below 100 beats/min. was used as the criterion for sufficient 

rJcovery. The routines were performed in a random order, which in many 

cases was dependent on the practice schedule set up by the coaches. 

After a sufficient warm-up period,n the gymnasts rested to stabi 1 ize 

and recoyer the heart rate below 100 beats/min. before performing the 

routine. The sucject was notified that she could cegin the performance 
1 ' 

" and was al10wed to make final gymnastic equipment adjustments. Heart 

rate was monltored approxlmately 30 seconds prior to the performante, 
, ! 

i 
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during the entire routine and one to three minutes into recoyery. 

Ayerage percent intensity, peak heart rate and duration were cal

culated for aIl events,from the printed reçording. 'Average percent in-
r 

tensity was determined by first calculating a mean heart rate for each 

six second pertod of the bala'nce beam and floor exercise routines and for 
" .... 

each four ·second and two second periods of the uneven parallel"bar rou

tine and vaJ~ting respectively. The mean heart rates werê totaled for 
1 

a,given routine and divided by the number of periods observed to give an 

overa II average heart rate for the rout ine. Knowing each subjects max

imum and resrin''g- heârt rate, percent i~tensity was calcull~ted using the 

~rvonen method. Peak heart rate was the highest six second average at

tained during (or i~ th~ time period immediately following) the performance 

of the roùtine. Du'ration of the routine was calcul~ted fram the paper 

speed. The recorder paper speed was set at 30 cm/min. for.vaulting and 

uneven parallel bar routines and at 15 cm/min. for balance beam and floor 

exercise routines. 

1 

3.3.2 ! BLOOD LACTATE' CONCENTRATION FOllO"'1 NG GYMNASTIC ROUTINES 

Finger tip blood samples were drawn five minutes after the p',erfar

mance of each routine for plood lactate analysis. Blood samples were not 

taken following vaulting because the activity is too brief (fo to six 
1 

seconds} for the activation of the anaerobic lactate en~rg system. The 

finger was hydrolysed ln hot water for the five minute eriod, then wiped 

dry and stertl ized with. alcohol. A puncture was ma e with a steri1 ized 

blood lancet. After the ftrst drop of Dlood hasl/been wiped ,away, one 
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'hundred microliters of blood were drawn, immediately added to 0.2 ml of 

1 

ice cold percnlorlc acid and spun in a centrifuge within 15·roinutes of 

collection. The deproteintzed sample was stored at refrigerator temper· .. 
~.ture (2 to 8 degrees centigrade) until analysis could be performed at a 

later time. It has been shown that samples prepared in the preceeding 
, 

manner can be kept' for 24 hours without significant changes in the anal-

Y,sis results CMarguire and Copeland, 1972}. Lactate analysi's was per

formed on each blood sample using the Calbiochem technique. 

The enzymatic technique fo~ lactate determination dJpends on the ox-

tdation of lactate (CH3CHOH COOH) to pyruvat~ CCH
3

CHO COOHl and NADH. This 

reaction requires the presence of NAD (Nicotinamid~-adenine dinucleotide) 

and ,the enzYf!1e [))H (1 acta te dehyd rogenase), Both of wh i ch are present in 

the reconstituted reagents prepared by Calbiochem. Pyruvate is removed 

from the reaction when its' carbonyl group combines with th~ glutamate 
/ 

and GPT (glutamate pyruvate transaminase), also present in the' rèagent. 

Removal of pyruvate brings the reaction eto an end when ail the lactate 

has been converted into pyruvate. T~e result is an,accumulation of NADH, 

which;s the indicator of the reattion. Since it i's known that NADH has 
) 

maximal absorbance at 340nm, the amount of lactate converted to pyruvate 

1 is proportional to the change in absorbance at 340nm. 

The major modification ih ~he assay procedure used in thls study 

was t'hat 20 mierol iters (instead of 100 microl iters) of supernatant were " 
'-

used alon9 with a dilution factor of 4.87 f.-?r the determination of blood 

,lactate' concentr~tions. The assay procedure was as follows: 

1. 2.9 ml of prepared reagent were di spensed into a crean dry cuvet 

Wl th a 1 cm 1 tght path. 
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2. 
• 

The cuvet was placed in a constant tenperature water baih (JO 

degrees centIgrade) for about ·t~ree min~tes. or as long as n.éed-
, 

ed to brtng the reagent ,to ,thy establ ished temperature. The 

deproteinized bJood sampJe was preincubated for the same amount 

of time in the water bath. 

3. The cuvet was wiped ~ry and placed into the spectrophotometer to 
() 

read the initial absorbance of the reagent. 
\ 

1 

4. Twenty microliters of supernatant were added to the reagent. 

The cuvet was covered with a square of.parafilm, gently inverted 

and replaced into the water bath for 15 minutes of additional in-

cubation ~ 

5. After 15 minutes the final absorbance was read., 
D 

6. < AlI lmea!?Urements were made at 340 nm. The spectrophotometer_ was 

calibrated for .100 percent transmittance with a cuvet of distil-

led water before'each measurement. 

7. CalcutJon: blood lactate in mg%-= change in absorbance X 131 X 

4.87 

The number 131 [epresents the factor' for converting the change in absor-

bance to lactate in miligrams p~rcent. The'dilution factor 4.87 was used 

for aIl calculations because 20 mic'roliters of supernatant were used 

ing the ass~"procedure instead of the 100 microliters suggested by Cale, 
biochem. 

" 

3.4 _ E.XPER lENeE 

A criterion score representing each subJects 1 experience âs a 

1 



" 

r 
J 

• J 

tr :1 
'~ 

..,.L 
...... 3J 

" 
<;, 

Q 

~ .'. 

o 

o .. 

, . S4 

gymnast was determined from four factors. The inforroat ion was obta ined 
1 

from a questionnaire comp1eted by'eacn g,ir1 with assistance trom her 
o 

coach. The factors used to evaluate experience wer~: (11 years of for

maI gymnastic training, CZ.l numoer of meets in whi-ch the subject has com-

peted, (3} average number of hours of practice per week and (4) number of 

months per year devoted to gymna~tic training. Points were awarded for 
, , 

each factor and the sum of all points was the criterion score! used to re-
J,-

{ 

pres.ent the experience va,riable. The poiri-ts w~re,qwarded in the fottow-. 
1 • 

in~ mannS{: (11 one point f<?r each,year of for:mal gymnastic trpining, 
J 

(21 one pointJ'or each meet that the subJect had competed in, (3) one' 

" "toinlt for each average hour of practice per weék (i.e. if st he subject 

~ract iced on the average 10" hour per' week she was awarded 10 points) and 

, (4) one point for the number of montAS of training per year (i .e. if the 'r 

subject tra ined three, months out of the year then she was awarded thre~ < { 

points} . 

1 

EXAMPLE: 

----Gymnastic Questionnaire 

Subject: C • Ho' 

'Age~ 12 years 

1. 
. 

How many years have you been training in gymnastics? \ 

1 Ans. 2 yéars 
, 

2. Ho,# many ,gy~nast le meets have VOu,. comeeted in to date? 
J' 

Ans. 
~ 0 

3. On the average, how many hou)"s per week. do you pract i ce7 

Ans. 2~1 hours 
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4. How many months out of ~he year are you involved 'wlth. gymnasttc 
~ " 

training? 

An s . 12 mon t hs 

~ 

EXPER 1 ENeE = -2 years + 23 meets + 21 hours/week + 12 months/yr. . . 

= 58 

3.5 DErENDENT VARIABLE - GYMNASTI C SCORES 

Average gymnast'ic scofes for all events were obtained from''the most 

recent competitive season.- ln order to standardize the scores each rou-

tine was given a difficulty rating as determined by the international 

Gymnastic Federation Code of Poihts (1978). The scores were then multi-
{.o ~ 0 

pl ied 6y this dHficulty rating and divided by ,la (the highest possib)e 

score). Routines that contained aIl the necessary di fficulty movêllTents 
~ , 

o 

(three superior and four medium difficulty s;unts) were given a difficulty 1 

rating of la. 

EXAMPLES: 

e , #1. Subject: M.H. 

"" event: vau 1 t - handspr i n9 wi th 1/2 twi 5 t on and 112 twi 5 t off 

difficulty. rating: 

score: 8.30 

CALCUlATlON 8.30 X 10 = 8.30 
10 
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#2 .Subject: B.A. 

eyent: vault" -Iayout squat 

difficlJo.1ty rating: 8 points 

score: 6.10 

CALCUlAT.,lON , 

#3 Subject: M.H. 

event: floor exercise 

difficulty rating: 10 
, 

score: 8.70 

CALCULATION 

#4 Subject C.G. 

8.70 X 10 = 8 .,70 
TIr 

event: floor exercise 

difficulty, rating: 5.9,points (3 medium stunts) 

score: 6.0 

CA'LCU LAT 1 ON 6 . 0 X 5. 9 = 3. 50 
'10 

3.6 STATISTICAL A1L~S'S: 

56 

, , 

For purposes of statlstlcal a~alysls, aIl subjects were divided lnto 

two levels of abi 1 ity, based on the al l-ëflround scores ob,tained from the 

most ,recent competitive season. Descriptive statistlcs of alJ variables, 

conslsting of the range, mean,standard error and variance were computed ~ 

for the total group (0=291 and each ability level Chigh abiJ.ity n=12, low 
, l ' 

... -
, abi 1 ity n=17). Analysis of variance and t .. tests were performed to . 

l ' 
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evaluate slgnificant differences betw.een the abi 1 ity levels for eadt o,f 

the variables measured. post hoc anarysis was performed for aIl stgnif· 
~ ~ 

lcant F v,a J ues. 

Multiple stepwtse regresston was computed using all varia'.tles; (J) 

to determine the best ',inear prediction equation for all-around gymnastic 

abilityand for each individual event, and C2} to evaluate the relative 
, "-

contribution of specifie ,variables or sets of variables ta gymnastic ab.il-

i ty. The aIl -a round gymnas tic score was used as the dependent or cr i ter-

'iol1 variable when determining the prediction equation for all-around 

gymnastic ability, and the scores obtained for individual events ware the 

dependent variables when prediction equations for each event were being 

computed. Two of the independent variables (1) heart rate percent inten7 
" 

sity for-each event, and (2) blood lactate concentration for,èach event, 
J 

were converted into mean values for the" four events when used las a varia-

ble in the regression analysis for all-around gymnastic abillty. 'Raw 

score values obtained on each event w~re used when formulating the pre-
1 

diction equa~ion for each event . 

.f 

1. 
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CHAPTER IV 

RESULTS 

4. 1 lNTRODUCT 1 ON 
--,\\J /' \_/~ 

The purpose of this investigation was to obtain phystcal, physio-

logical, and anthropometric measurements on female gymnasts,- representing,,-

a wtde range of abtl ity, and to determine which variables or groups of 
1 

variables were the best indicators of gymnastic abi 1 ity. Statistical 

procedures, which tncluded analysis 9f variance and t-tests were performed 

to determine significant differences between high and low abi 1 ity gymnasts' 

on the measured variables. Hence, -il was possible to determine which 

variables mos't clearly di'stinguish the high abi 1 ity gymnasts fr~m the 

low ability gymnasts. In addition, c~rrelation coefficients .were compu-

" ied to.determine the relationships between the measured varjables and gym-

nastic abil ity. Finally, multiple ,stepwise regressio';-'-analysis was utAI-

ized to select the best 1 inear prediction equation for all-around and 

'indi,Vidual event ~ymnastic~ability. The most sigr/ific~nt predictors of 

gymnastic ability were computed, and within the regression equation, the 
- ' 

, 1 

relative import~mce of eaeh variable as a predictor was ~termined. 

4.2 PHYSICAL, PHYSIOLOGICAL AND, ANTHROPOMETRIe CHARACTERtSTlCS 

Means, standard errors and ranges for pnys ica 1 and anthroporoetr ie 
J _ 

variables are presented in Table 3. whi.1e the values obt:ained for 

" 
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physiological measurements are preset;'1ted in Table 4 . • , \ 

" 
Physic~l 'and antnropometric cnaracteristies of female gyronasts. 

Variab Je Tota I_GroUr Cn=291 Range 
ex .±SE ~ 

He ight (cm} 146 ± 1-.5 "i 131 - 166 

Weight (kg} 37 ± LI 26 49 

Total Skinfold Crnml 32 ± 2.7 18 - 84 

Anaerobie Endurance (sec. ) 218 ±14.4 120 - 380 

Total Flexibility (degreesl 742 ±19.2 535 - 967 
\ 

power (kg-m r/sec.) 62 ± 2.1 50 :- 89 

Ag i 1 i ty (sec.) 10.0 ± O. 1 9.3 - 11.9 

Strength (kg/kg body wt.) 1.2.± O. 1 .0.6 2. 1 

1 
(if 

'-

To further evaluate heart r;~ response durlng t,he performance of 
, 

gymnastlc routines, a mean heart rate was calculated for'èa~h six second 

period for the total duration of both balance beam and floor exercise rou-

tines, for aIl subjects. ln order to obtaln a slgnificant number of data 
, - ' 

polnts, the routines for the uneven paraI leI bars were divided, into' four 

second periods because of the brevlty of the routines. The average he~rt 

rate for eaeb perlod was' expressed as a percent of the maximum potential 

,heart_rate (percent intensttyl and plott~d aga in}t time (Fig,ure 31-

\ WQU 1d be expected;- the ba 1 ance beam and floor, e1rcise rout llles_ ~re 

longer4i'ln duration than, the uneven para,11e1 b,r' routine. A graduaI 
-"',-,. /' {, 

, F \ " .... 

As 
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1 

Table 4. Physiologtcal characteristics of female gymnasts. 

Group Cn == 2,91 
/~ 1 

Total 
Var rab 1 e5 ex ± SEl 

Res t ing HR Cbpm} 81 ± 1.6 60 - 98-

Maximum HR (bpm) 197 ± 1.5 182 - 213 

Resting lacta,te (mg%) 14 ± 1.0 3 - 27 

Ave. pos t exerc t se 1 acta te Cmg%l 25 ± 2.3 10 - 60 
1 

52 '- 118 Max imum lactate (mg%) 77 ± 2.7 \ 
t 

V02 max Cl/min.) 1.8'f 0.1 1.2 - 2.4 

V02 max Cm l/kg min.1 50 :1; 0,9 39 - 62 

V, max (I/min.) (sTPDl 53 ± 1.9 '- 32 - 75 

Ave. HR intensity (during ;:Out tnesl 73 ± 1.6 55 - 85 

Peak HR intens i ty' (during rout i nes) 8.4 :t 1.9 49' - 100 

incre'âse in heart ré;lte was observed on the bala'nce beam whi le the most 
/ ' 

rap}d iÎ1crease in heart rate resulted from routi,n~s performed on the un .. 

ev en parallel bars. The uneven parallel bar routines eliclted an average . "-

heart rate intensity of 80 percent, while the heart rate response for the 

ba lance b~am and floor exerc i se rout tnes was approximate 1 y 75 percent of 

the maximum intensity. In addition, each routine resulted in a heart 'rate 

response of ,approxiroately 90 percent intensity by the end of the',performance'. 

! 

/ 
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Figure 3. Average heart rate response during balance beam, floor exer ... 

cise and uneven para 11 e 1 bar routines. 
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4.3 HlGH ABILlTY VERSUS LOW'ABIUTY GYMNASTS 

For purposes of determining sÎgntficant differences between gymnas-

tic ability levels on the variables inves,tigated in thts study, the sub-

jects were drvided Înto two ability levels based on the all-around scores. 

Low ability gymnasts en""l?} were designated as those subjects who had all

around scores below 20 points, while high ability gymnasts (n""12) had a'l1-

around scores equal to or greater than 30 points. Experience, al1-around. 

and individual event scores for high and low ability gymnasts are pre-

sen ted ,i n Tab 1 e 5. 

,~ 

Table 5. Experience. all-around and individual event scores for high and 
low ab il i ty gymnas ts (X .±SE and Range). 

séore 

Exper i ence>~ 

A l1-a round 

Vaulting 
'-

Uneven Paral1el Bars 

Ba 1 ance Bearn 

Floor Exerclse 

\ 

Low Abtl ity 
(n= 17) 

15.7 ± .77 
(18.0-20.0) 

14:5 ± .62 
(8.4-19. 1) 

4,2,± .23 
(2 .2~ .6) 1 

3.1 ± .19 
(2,0-5.0) 

3,7.± .18 
(2.0-4.8l-

3.5 ± ,20 
CZ .0-4. 7)' 

High Ability 
(n=12)' 

53.1 :J; 4.83 
03.0-95.a} 

32.9,3: .50 
(30.0-35.0) 

8.3 ± .15 
(7.4-9.0) 

8.23: .15 
(]. 1;;"8.]) 

7.9 ± .11 
(] .2-8.61 

8.4.:t .15 
Cl, 5-9 .21 

. *Experien~e = no. of years + ave, hours 'per week + no. of meets + 
ave. rnonths per year, 

l ' 
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Table 6 1 ists the re~ults of t-tests computed between high and low 

ability gymnasts on the independent variables for whtch values are repre- 1 
sented Dy a single measurement.- Only one variable, agtl ity, was found 

- to be sign[ftc~,nt (<< =.011 éetween the two aoil tty lev~ls. The high 

ability gymnasts obtatned significantly 10wer agtlity scores than the low 

aéility gymnasts. 

A two-way analysis of vartànee was eomputed for ability groups versus 

measurements on an the independent var,iabl~ for whieh values were deter-. 

mined by a composite score of individual measurements. The ANOVA results 

and F-values for c total skinfold, strength and total flexibility are pre-

sented in Tables 7, 8 and ,9 respectively. Significant F-values (~=.05) 

fa) between group variaice were found in aIl three variables. The hlgh 

ab il i ty gymnasts obta i ned si gn i f i cant Iy hi gher strength and fJex i b il i ty 

scores and lower skinfold scores than the low ability gymnasts\ 

For the flexibil ity yariable, signifie,ant F-val!Jes were also obtained 
"( 

for the main effects.of fJexibility measurements and for the interaction 

of ability groups b~flexibility measurements. Because flexibility is 
l' 

joint specific,_ it would pe expected t,hat the measurements taken 0n dif-

ferent parts of the body will be significantly different from one another. 
t-

Student-Newman-Keuls post-hoc analysis revealed th~t the ~igh~ability gym-

nasts obtained significantly higher flexibility- scores than t~low ability 

gymnasts on five of the measurements (aotiv~ hip~bduction for both legs, , 

'active hip flexion for both J;gs, and tr~nk flexion}. The measurements 
1 , . 

for shoulder hyperfl'exton, shoulder h.vPérextenston, and trunk extension,,,, 

wer~ nct signtflcantly different Detwéen the two abil ity groups. The sig-

nificant interaction is explalned. b.y the fact that the high ab[J[ty 
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Table 6. t-tests on regression variables between high en & 121 and 
10w en = 171 a&i1 i ty' gymnasts .. 

44. 

Variab 1 e_ 

Height (cm l 

Weight (kg l 
" 

Anaerobie Endurance (sec .1 

Max imum lactate (mg%l 

V0
2 

max (m l/kg min.-) 

Power (kgml see.l ' 

Ag i 1 i t Y (sec. 1 ---

,qo< =.01) 

IHgh Ab.i1 t ty 
ex ± SEL 

1~f3 :± 2.1 

35 ± 1.6 

253 ±25.1 

73 :l: 5.3 

51 ± 1.5 

97 :l: 4.4 

9:7 ± 0.1 

Low: A5i1 tty\ 
6< ± SEl 

148 .± 2.0 

38 ± 1.4 

194 ± 14.8 

79 ± 2.6 

48 ± 1.0 

1 

91 ± 4.3 

10.3 :l: 0.1 
'" 

t-value 

1.82 
~ 

1.07 

... 2.19 

1.07 

-1.64 

-0.89 

3.7fi 

\ 
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Table 7. ANOVA of skinfold measurements for ability groups versus individ
ual skinfold measurements. 

p 

Source of Variation df Sum of Squares Mean il Square F 

~ Abil ity groups 504.5 504.5 5.34* 
f 

Skinfold 3 291.7 97.2 1.03, 

Abil ity groups x 3 653.4 217.8 2.30 
Skinfo 1 ds 

Res,i dual 104 9739.2 94.6 
"-

< 4 . , 

* (f 1,104 df tA = .05 = 3.931 .B 

/1 
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Table 8. ANOVA of strength for ability groups versus 

tndividual strengtnroeasurements. 

p 

Source of Variation df Sum of Squares Mean Square 

Abtlity groups 1.2 1.30 

Strength 2 O. 1 0.01 

Abtlity groups x strength 2 1.3 0.63 

Residual 78 17.3 -0.22 

* (FI ,78df oC.. = .05 = 3.99) 

Tab'le 9. ANOVA of flexibility for ability groups versus 
individual flexioility measurements. 

Source of Variation df 

Ab il i ty groups 

Flexibility 7 

Ability groups x flexibil"ity 7 

Residu91 

* (FI ~08df (JI.~.05 ::: 3.92) 

** (F7;a08df"= .05 =: 2.091 

/ 

208 

~ 

Sum of Squa~es Mean Square 

16161.2 16161.2 

367203.9 r 52457.7 

7576.9 1082.4 

46100.5 221 .6 

65 

F 

5.23 * 
0.16 

2.82 

F 

72.92* 

236.68** . 

4.88** 
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gymnasts obtained superior scores on aIl the h.ip measurements and trunk 

flexion but ~dtd not show this same superiorhy' ln roeasurements obtained 
~ 

for the shou 1 der jo int and' for trunk ex'tens ion. 

A two-way àna 1 ys i s of var i ance was computed for;' ab il ,r ty groups versus ~ .--

gymnastic events art the independent variable post-exercise lactate. The 

ANOVA resuhs and 'F-values are ~resented in Table' la. A significaQt 

Co( =. OS} F-va 1 ue, was ob ta ined for between group var iance and fo 110wing the 

examinàtion of group means it was concluded that the high ability gymnasts , " , 

obta ined si gn if kant 1 y higher post -exercise" lactate concent'rat ions than 

the low ability gyronasts. A significant C"":::::.05} increase in the resting 

1 acta te concentrat ton Cfr_om 1'4± 1. Omg% ta 25± 2,. 3~g%) was observed fa Il ow

ings-the performance of ,the gymnastic routines. ,The lact'l3te levels ob-

talned following the routines, however, were not significantly different 
::--

from each other, as indicated by the!insignifica'nt F-value obtained,for 
<;j ,. 

the between events variance. Hence, aIl events el ici~ed a similar phys-
j' 

iological response in terms of lactate production. 

Mean ~eart rate response and peak heart rates recorded duri ng the 

performance of gymnastic routines along with the mean duration of each 
, 

event are presented in Table'll. Alloevents, except the uneven parallel 
~ 

bars event, were longer in duration ;for the high ability gvmnasts as com-
1 

pared to the low ability gymnasts. The longer duration time for the vault 

observed for the hi gh ab [J i ty group can be exp 1 ai ned ,by the fac t that the 

approach to the vault used by this group of .sUbjects was approximately 20 

meters whf·lé the low abUtty group used ~n approach be.tween la ta 15 meters. 

ln aIl cases eX,cept vau 1 t ing the mE7an a~d peak hea rt rates were h.i gher ' 

for the high abtlity gymnasts than the 10\':1 ability gymnasts • 
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Tab.le ID. ANOVA of post-exerclse lactate for abtl ft y groups 
versus gymnastle events. 

\J 

v .. 
Source of Variation df Sum of Squares Mean Squa~ F 

t < 

Abtl ity groups 6161.4 6161.4 9 .69'~ 

Gymnast te events 2 454.9 227.5 0.36 

Aéility groups x events 2 136.2 68.1 D. 11 

Residual 78 48950.0 635.7 

A two-way analysis of variance WÇlS computed for abi.1 rty groups versus, 

·gymnasttc events on the independent variable average heart rate inten-

sity during the routines. The ANOVA results and F-values are presented 

in Table 12. S.ignificant (fil =.05) F-values were obtained. for both main 
J 

effectsocomponents, ability groups and gymna~tic events, as' weIl as for 

the interaet.lon effects of ability'groups byevents. The higlr ability 
,1 

gymnasts obtained higher heart rate Intensitl.es during the perfor.rtanee of 
, 1 

, , 

their routines than the low ability gymnasts. Following S1:udent-Newman 

Keuls post-hoc analysis. statlstical1y sighificant difference's, in heart 
, ' e 

, ra.te intens[ty were ob~erved between the,ability. groups for aIl gymnastic 

events e>f.cept vaulting. ln vaulting the high abi1 ity group obtained a 
--

, ! 

lower mean heart rate intensity than the,low ab,ility group. Although 
(, 

-
thts di fference lS 

1 
tnstgntficant it explains the acquisition of signifi- - \ 

cant fnteractron. The h.~gh ability group tnvariably obtained t~ htgher 

average heart rate ,i'ntenstt tes in a Il the other events. F rgure 4 
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Table II. Routine .duration, mean HR and peak. HR 
in the gymnastt'c events ex ± SEl. 

Event '\ 

Vaulting 

" " \ 

Low Ab tJi ty 

" 
HigfÏ Ability 

, 
Uneven Parallel Bars 

Low Abi 1 ity 

High Abilrty 

Ba 1 a nce Bearn 

Low Abit ity 

Hi gh/j-Abi 1 i ty 

Floor Exercise 
0 

Low Abi 1 ity 

t.Y igh Ability 
,J. 

Durat ton 
, G~c.i 

4.6 ± 0.1 

5.3 ± 0.1 

87.5 ± 2..4 

'28.5±L5 

~ 
62.6'± 4,.2 

8S'.5 1 5.0 

63.~ ± 3.5 

79.7 ± 2.5 

Mean HR 
"'(- Cbpmi 

153 ± 2.2 

151 ± 5.0 

169 ± 3.6 '-
, 1 

182 ± 2.5 

160 ± 3.1 

181 ± 3 :'3 

164 ± ;3. 9 

175 ± 4.0 

_ Peak HR 
, (opmi 

161 ±'2.5 

163 ± 6.3 

, 

181 ± 3.4 

,195 ± 2.6 

170 ± 2.9 

191 ± 3.6 

180 ± 3.2 

193 -± 3.1 

68 

graphical1y represents this observation. F~rther a~aiysis revealed that 

, " 
:he low ability.group exhibited similar (~atistically insignif~can~) 

• _~ 1 • • 

heart·· rate responses in aIl events with one exception, the uneven paraI" 
" . ~ 

leI bar heart rate response was significàntly higher than "the vaulting 
~ . 

response. 
\ 

On the other hand, for the hJgh ability gymnasts ~hree yvents, 

uneven parallel bars, llalanée bëaro and floor e)J'erctse, were aIl si.gnifi-: . , 

cantly ~igher °rn terms of heart rate response than the vaulting event. . , 
1 -

The~grealtest diff~rence observed between thè two groups was the heart rate 

tntensitr observed on the ba1ance beam~ 

; 1 
0, 

l 
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Table 12. A~OVA of exercise heart rate intensity for ability groups 
versus events. 

*(FI ,,104dfd.=.05 = 3.93} 

~':*(F3, lOljdf~i"'.05 = 2.69) 

, 
Q 
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Tc further analyse the differentes in heart rate response during 'rou· 
t 

tines between the abi 1 ity groups, a mean heart rate was calculated f.or i 
eac,n six second p~ri6d for,thè total duratijm of both balance bealll and 

floor exercise routines and f~r every four s~cond pe,ricçl for, the uneven 
<.m <r , 

paral1el bar routine. The ay~fage heart rate·for·each 'period was expres-

sed as' a percent Qf Jhe lIjaXimum' 'potential heart rate for bot'h groups' and . , 
plotted àgatnst ttme (Figure 5b~ Both groups 5egan their routines at 

" , , 

~pproximately the sarné heart r~te fntens[ty; Dut the hlgh aoilfty group' 
o 

o 1:l \ Q \ 

a more rap:id increase. in hear,t tate and obtained a higher > , 

tty rn ail routines. 
" \ 

~.-->-
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4.4 PREDICTION OF ALL~AROUND'GYMNASTIC ABIL[TY AND ABlLlTY LN EACH (V(NT 
'" 

The dependent or criterion Yar~ables used to predi.ct gymnastic abiJ

ity in this study were all-a\ound and tndividua, event ~ymnastic scores. 

The significant (<<=.051 correlations observed between the independent 

regression variables and aIl gymnastic s.cores are presented in Table 13. 

Tnree independent-variables, weight, maximum lactate_and power are not 

presented in the table because they did not result in èny significant cor-
I / 

relalt1ôns wtth the gymnastic scores. 

From Table 13 it can be seen that the experience variable had the 

highest co~relations with aIl the dependent variables. The highest cor-
1 

relat,ion observed was between experience and the 'al1-around score (r=.895).' 

Fol1owing experience, the independent variables most significantly and 
"-. 

consistently correlated with aIl scores were flexibi 1 ity, agi 1 ity, tota,] 

skinfold, and strength. lt is Interesting to note tha~ although the 

measurements for anaerobic endurance ard maximum aerobic capacity were 
j} l, , '. l' 

not statistically significant between the tw~ ability grqups (see Table 
... 

6), both variables were significantly correlated with aJ1.-around gymnastic 
\ 

scores and individual event scores. Maximum aerobic capacity was slgnif

~ icantly correlated with un~ven paraI leI bar and floor exeJcfse scores 

whi le 'anaerobic endurance was signiftcantly correlated wj,.th ail events 

except vaulting. 

Thé significant (GC.=.OS) inter-correlations between regressl,on varia-- , 
~I 

bles/for. all-around gymnast[c ability are presented in Table 14. lt is 1 

, » 
apparent that there were three Independent varianles in parttcular (total 

l , 

Skinfold, 19 i1 ity and experiencel ,that "were signtftcantly correlated w[th 
. ' 

~ 

'; 
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" Table 13. Significant correlations betwe~n regression variables and gymnastic scores.!' 
-' r'1\ 

... ,--" 

Regression r 
Vaul tlng F100r Ex. -A 11 -Around Uneven bars Bearn 

JI Variables Score Score Score Score Score '. 
~J 

<? 
Height (cm} / - "'" .393* 

Totp1 Skinfold (mm} -.637** -.621** -.638** -.594** -.653** 
--------- --

"Anaerobie Endurance (sec.l .364* .384* .38&1: .377*, 
~ 

.' V02 ma~ {ml ./kg. ·min.} .363* .388* - .39] * 
\ ---=~- . 

Total ,F1exibi 1 ity (degrees} .762** . 761.**- - .731** .762** .750** r 

Ag i li ty (sec.) -.652** -.660** -.620** --.647** -.648** 
'. 

Strength (kg/~~ body wt.} .629** .569** .624** .1J47** .636** 
/ -------.- Floor Exerci:se L.A: {mg%} .523'* 

Uneven BarsjL.A. (m~%) .503* 

FlooY Exercise H.RL (% m~x.l 
~ 

.385* 
--

, Ba 1 ance Bearn H. R • (% max.) - .651** 
-

Un~ven Bars H.R. Ct max.l - .486* 
1 • 

~ " 
l'· "-

Mean Exercise H~R. (t ma~.) , -
.515* / r.;:"t~ 

C ...... 
lN 

*(-"".05) **(~=.ooll -::. 

i~ 

-
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Tab 1 e 13. (Cont inuedl 

Regression 
Var [ab les 

t-\ean Exerc\se L.A. (mg%~ 

Experience 

-*(-=.05) 

** (oC =. 00 11 

; 

~ 
/ 
'./'-

1 

.. 

,y 

, 
All-Around 

Score 

.560* 

.895** 

-~ 

Vaulting 
Score 

.894** 

'."> 

/ 

Uneven Bars Bearn 
Score ,: Score 

.885** .874** 

"'C 

, 
1 

1 1 

Floor Ex. 
Score 

.874**-

-.;DI 

e 

( , 

N 
~ 

" 
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Table 14. Stgntficant correlations hetween the regression variables for al1-around gymnastic ability . 

• -x ...... 
1'0 èW 

r E Cl 
èW ..5 1 l'- >- , ....... 

) 
... Q) . . () 

-,:, . ..t:: 0::: c:( C 
)( ... >- Q) . , ... ... 0 1'0 .0 Cl :::c -..1 ... ..c ..r:. \l- E c L- L-

Cl Cl C )( Q) Q) Q) 
N Q) L-- ~ Q) Q) a. 

Q) Q) .:.t. • 0 ... o' > > O'l )( 
:x: ~ ln .::> I.L.. ln 0... c:( c:( c:( LIJ 

SI 

He.ight . 893** .643** 
. -

,;~~ 

Weight .492* .803** 

Skinfold - -. 57rf* -.608**-.495* . -.538* .69Y<* 
. 
VOZ max. 

\ . .432* • 

Ftexfbi 1 ity .546* ! -.527* .6631<* 

Strength .485* - .542* . 641 ~~~~' 
~ 

G 

Power 

Ave. H.R. (%max.l .532* .523* 

Ave. L.A. (mg%} 

Agility "" ,-

-.517* .. ~ . 
-.523* 

, 
Exper1err~e 

---------
*(ot=.ol) ** (~=.oo1) .1, 

~ 

-----

--- ""'-J 
V11 
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1 

fiye of the other lndependent vartahles. Total skinfold roeasurements 
" 

'were closely related to V02 max., flexibilfty, strength, agility and 

experiënce. The agility artd expertence vartables were stgntftcantly 

correlated< witft aIl these v~rtables. tn addition, the average heart 

rate intensity during the performance of routines was stgnificantly 

related to expertence and average post-exercise lactate was correla.. 
ted with agility. 

\'6 

.Multiple corr~lati~n coefficients (R). coefficients of determina-

tion (~2), chang~ in R2, simple Ris, beta values, F-yaules and regres

sion equations f~r the prediction of gymnastic ability are presente6' 

in Tables 15 through 19./ The multiple corre~ation coefficient (R) is_ 
, 

an index of the relative strengt"h of the relationship bètween the inde-
'-

> 

pendent ~ariable(s) and the dependent variable while the coefficient ~f 

determination(R2l is a measure of prediction ~ccuracy and the strength 

of linear association. The value of R2 indicates .the proportion of 

'r variat,ion in the -dependent variable that is explained by the indepen-
; 

dent variable(s). The change in R2 ~olumn indicates the relative con-

tributio~ 6r slgnificance of the addition of an independent variable 
, 

into th~ regression equation. The beta values are standardized regres-
, 

sion coefficients that .indicate the relative importance of eac~~of the 
, 

, independent varia~les as p~edictors of the dependent variable. An 

independent var'table was addea to the regress ion equatidn 

ic",ntJy (- •. 05,1 tmproved the predict~ofl accuracy. 

i fit s i gn i'f - , 

. . 
Since t~ independent variable "experiencetl is neith.er a pb.ysical,· 

• r ''''4 

physlological or an~hropometric va'rtal)Je, two regresslon equatiçns hav~ 
, . 

neen computed fpr each dependent'yarfable. The first equatton ln each 

J \ , 
J 

... 
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"Table 15. Prediction of a11-around gymnastic ability. 

Withoot t~e experience variable in t~ regression analysis. 

Variable R Beta 
, 
Change in R2 Simple R 

X 1 Ft ex i b i 1 i ty 

X2 Ag i 1 i ty 

.762. .581 
IP 

.817 .667 

.58\ , 

.087 

.066 

.047 

. 035 

.762, .600 

-.652 '-.135 

X3 Enlurance .856 

X4 Power • .884 

Xs Post-Exercise Lactate .903 
, ' 

* {F5,Z3 • = .05 = 2.64} 

.733 

.781 

.816 

/ 

Experience variable added lnto the regression analysis. 

> 

.364 

.166 

.560 

.302 

.224 

.222 

F 

Variable R2 Change in RZ Simple R Beta 

Xl Exper i ence 

Xz Helght 

X/ Power 3 
X4 Skinfold 

.895 :802 ~802 .89'5 .618 

.9'28 ' .861 

.947 .898 

.969 .940 

.059 

.037 

.041 , 

-.334 

- .166 

-.637 

-.431 

.391 

-.277 

~ = 70.93 + .Z71 (Xl) - .496 (xZ) + .223 (x3) 

* (F4,z4df. = .05 = Z:78) 

, ! Î 
( F 

92. 34* 

" 

, .. 

1 
/ 

p 

~~----------............. 



\ " 

1 

Table 16. Prediction of vaulting ability. 
" -' 

Without the experience v~riable in the regression analysis. 

Variable 

X 1 F 1 ex i b i 1 i t'Y ~ 

X2 Power 

X Skinfold 
o .3 
'" 
X4 Height 

R 

.762 

.823 

.875 

~ .903 

.581 

.677 

.766 

.815 

Change in R2 

.581 

.096 

.089 

- .048 

':>t 

Simple R 
l' 

.762 

.227 

-.621 

" -.245 

yi = 5.89 + .952 (XI) + .796 (x2) - .626 (x3) - .852 (x4) 

" * (F4,24df-' = .05 = ~.t8) 

'Experience variable added into the regre5si~n analysis. 

Variable 

Xl Exper i ence 

X
2 

FI ex i b i 1 i ty 

X3 Agility 

R 

.894 .799 

.922 .850 
" 

.937 .8~ 

R2r' Change i.n 

.799 

.051 

.028 

yi = 8.80 + .643 (XI) + .504 (X2) - .858 (x3)

* (F3,25df al = .O? = 2.99) 

,1 

Simple R 

.894 

.762 

- .660 

,~ 

r ~. 

78 

Beta 

.446 

,.600 

-.419 

-.318 

F 

o 

26.35* 

Beta 

.630 

.237 

-.206 

F 

i' 

pO.28* f 

. . 

, 0 
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Ta1ble 17. Prediction of ability on the unev~n parallel bars. , 

1 

Wit out the experience variable in the regre55)on_~nalysis. 

1 
l' 1 

1 Variable 
1 

R Change i~ RZ Simple R 

1 

X 1 ~ 1 ex i b i 1 i ty 
1 

X2 ~ndurance 

X3 '~actic Acld 

X4 roweri 

X5 ISkinfold 

1 
l, 

.731 

.794 

.846 

.877 

. 906 

.534 

/ .630 

.715 

.769 

.8Z1 

.53'4 

.096 

.085 

.054 

.052 , 

yl!= -8.87 + 1.05 (XI) + .115,{xZ)·+ .476 (x4) 
1 

* (P5,23df ct = .05 = 2.64} 

1 '> 

Experience variable added intô the regr~ssion anâlysis. 
1 

.731 

.384 

79 

Befa 

.414, 
;> ,,1 _ 

.339 

.285 

.302 • 

- .. 313 

\ F 
, '" 

21 . 16* 

1 ____ ~--~--~-__ ----------------------------------------

Variable 

'x l Exper i ence 

X~, Hei ght 

R 

.885 

.920 

.782 

.846 

Change in R2 Si mp 1 e R . 

'" ,782 

.064 

x: Power '- .938 .880 .034 .151 ;3 
1 

1 

~4 Sklnfold .960 .922 .042 -.638 

"i[ ~ = 19.0: + .739 (xI) - . 1 & (X2) + .598 (x3) - .495 (X4) 

'* (F4,24df~ =.Q5 = 2.18) 

.. ' 
( 

Ilo. 
Beta 

.60~ 

-.432 

.379 

-.279 

F 

70 .57* 

-~ -

l' 
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Table 18. Prediction of abil ity on the balance beam. 
t' 

Without the experien~e, variable in the regr.ess!on analysis. 

R Chan'ge in R2 Simple R 

Xl F l e"x i b i 1 i t y" 

Xz HR Percen t 
c' Intensity 

X
3 

Endurance 

X4 Agi 1 ity 

. 

< 

.762 

.901 

.921 

, , 
• 

, .5'80 

.72fJ 

.812 

.849 

.580 

.146 

.086 

.036 

.76? 

" .651 

.388 

- .647 

Y' - 1.08 + .102'ex}} + .637 (x2) + .798 (x3) - ."970 (X4) 

" * (F4, 24df tA ,= .05, ='-2.78) 

Experi~nce variable added into the' regression analysis. 

-, 
Variable R Change in R2 Simple R 

'-
XI Experience 

X
2 

Hel ght 

X
3 

Power 

X4, Ag i 1 i ty 

> 

.874 

.925 

.944 

.955 

'.764 

.856 

, .891 

.9, J 1 

.764 ,>, 

.;092 

.036 ' 

.020 

.874 

-.393 

. 117 

, Y' = 24.85 + .718 (xl) - .1'16 (x2) +(285 (x3) - .732 (x4) . 

~~ (F4,24df 0( - .05 = 2'.78) 

-" 

. ' 

( 

Beta 

.277 

-.229 

F 

33.61* 

Be~a 

.~94 
fil, 

-.428 

.212 

- .173 

F 

61<52* 

fi 

. l' 1 
,1 ,.. .1. 
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Table 19." Pr.ediction of ability in floor exercise. 

J' 
,,4"-

.. ', l, fi' 

Without ~he experiencenvariable in the regression analysis. 
11 

, , ,," 

t>81 

Variable R' R2 Change in. R2 S i mp 1 e R • Be ta 

XI FI ex i bill t Y .750 .563 .563' .~50 
, -

X2 
Post-ex. L.A. .817. ".668 .105 .2'31 

X
3 

Maxcimum L.A. .856' .733 .'065 -·nl 
X4 \10'2 max .897 .805 .071 /399 

Xs Power .914 J/. .836' .031 
,q 

.440 
0 . 

r 

•• X
6 

Height .,943 .888 
,r 

.052 

.750 

.523 

-.393 

.388, 

',160 

- ,334 -.376 
o • 

1 

F 

yi = -.196 + .11Z (Xl) + .3,72 (X2) - .370 (x3) + .ZOO (x'4) + 

(

29.20*. 
" 

.. 677 ',(xS) - .117 (x6) • f t" 

* (F6,22df cil = .05 = ,2.55) 
, . 

With the experience variable added into the regressi~n analysis'
J 

Variable 

Xl Experience 

Xz Height 
"-

X
3 

Ag} ) i ty 

)(4 Power, 

S~tnfo1d , XS , , 
, , 

' -

\ 

R 

.873 

0907 

.927 

;"939 

.95§> 

yi • r5.85·~ .660 ~Xl~ 
, 
i 

• 690\ .(xS) 
\ 

; ... 

:* (F5,23df: ~ ra .OS· 2!~4) 

.... . ... '., 

R2 

~763 

.82'2 
)-, . .860 

. 
o.88z 

0, , 

. 920 
, " ,o. 

, 

• 

Chànge in R1 

. 
' . 

< 

. , 

.763 

.06p 

.038 J f 

.022 
(J 

. 0~7 

, .. , 

'1 
'r 

t' ' .... 

.. 

S i inp 1 e R Be ~a 

.873 .556 

-.3'34 t -,.462'· 

... 648 ". ':.od;."? 
o • 

; .160 .410 

'-.653" - .. 39] . 

, • ~F 

, 52.68* 
, . 

: t"" . " . 

" , 

, . 

f • 

, ' 

, , 

" ' 
t "'... • j . ) " .. 

'" 
no 'fi ~ ... 

. ~ .'/ '. ..d.I..' .... ;J 
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table lS the result of regre~slon analysis computed without the in-

cluslon of the expertence variable. While the coefficients o~deter

mination are high (range .815 ta ,8881 and signrf'icant (d.==.osl for aIl 

the equations, ft ts apparent that a greater portion of explained varia-

tion is obtained with the inclusion of the experience variable. The • 
coefficients of determination ranged From .879 to .940. ~xamination 

of the residuals [ndicated that aIl the regression equations computed 
" '" , . 

were relatively free From abnor~al tties. Residuals were plotted and 

are graphically presented in Appendix A, Figures A through E for re-

gression equatlons computed without the"experience variable and in 

Figures F through J for regression equations computed with thé exper-

tence variable. The implications of ,the regression equations as predic-

tors of gymnastic ability will be discussed in the next chapter. 
\ 

1 

\ 

.\ 



1 

\ 

1 
83 

orscuss 1 ON 

5.1 ANTHROPOMETRIC CHARACTERISTICS 

, 
. 

Gymnasts, on the average, tend to be smaller in size and leaner 

,than the nor'ma 1 . popu 1 a t i on and al so sma 11 er and 1 eaner than other ath 1 e-
,,-

tic groups (Bosco, 1964; Drazif, 1971; Novak et. ~I~, 1968; Pool et al., 
., 

1969; Si n'n i ng and Li ndberg, 1972). Severa 1 i nves t i gators came to thi 5 

conclusion basecl upon studies conducted with late adolescent and college 
o 

ag~ gymnasts. Whether these characteristics persist in children and 
. / ~ 

early adolescent~groups has not'been determihed. 
'. , 

'In the present Study, the gymnasts had an average height of'146 cm 

and ~ we i ght of' 3( ~~ogra~s. The~e wer~ no si grli fi cant ,d i f,ferences 'be

tween'the high and low ability'gymnasts on these two measures. Contrast-. 
", \ 

ing these mea~uremenis, prev!ous investigators (~dams et al.~ 1961; 

Seliger et'al., '1971' and Br~wn et al., 1972) have reported substantially 

higher values ?f height and weight for athletic and non-athletic girls 

in the Sijme age gr~up. A~t al. (1961) after evaluating 52 girls, 
, , 

reported ,~v~rage t'le i~ht va 1 ûes of 148 cm, 158 cm and 163 cm for ages 11, 
" 

12 and 13 yèars respecti~ely. The average weight was also higher, rang

ing from.44-kg' for th; II 'f.,ear old~ to 5.5 kg for the 13 year olds., ln a 
1 

similar study evalua~ng the 12 yea'r old population in Czechoslovakia 

(n=294), Seliger et al., (1971) reported an average height of 150~±6.4 cm 

and an average weight of40 ±6.1" kllo'grams. 1 AIso, when comparing the 

" 

1 
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gymnasts in the\present study to other' athletic groups of the same age, 

it has been reported that girls participating in cross-country running 

were larger with an average height of 152 cm and a weight of 45 kg \. 

(Brown et al., 1972). 

The most extensive study of skinfold measurements for aIl age groups 

was the Tecumseh Community Health Study (Hontoye,. 1970). In this parti

.cular study 343 girls, 11 ,to '13 years of age were .evaluated. The average 
, , 

total of four skinfold measurements in the Tecumseh girls ranged from S8 

~m'for 11 year olds to 66 mm for 13 year olds. After measuring the same 

skinfolds in this study, the gymnasts had an average total skJnfold 

meas'urement of 32 mm wÎth a range from 18 mm to 84 milimeters. When com-

pared ta the average population the subJects we~e much leaner, as their 

total score placed them between the 5th and 20th percentile on the lean 

end of the scale (i.e. the 5th percentile representing the leanest sub-

ability group was not represented on the percentile table, indicating 

/ that they were extremely lean, while the low ability group had a score 

of 39 ±3.8 mm which placed them in the 20th to 35th percentil,e of ~e 

Tecumseh populatiçn. It is concluded, therefore, that the female gymnasts 

in this study were smaller in size'and leaner than the averag7 female 

population of the~ame age group, and that the high ability participants 

were leaner than their less skifled-counterparts. 

5.2 PHYSICAL CHARACTERtSTICS 
, , 
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,The results of the power test used in the present study were higher 

than the values 'reported by Godfrey (1974). 
, 

The mean power score for the 

subjects in this study was 62 kg-m./sec. with a range, from 50 to 89 kg~m.r 

sec. whereas the average power scores reported by Godfrey (1970) ranged 

from about 34 kg-m./sec. for 11 year old girls to 58 kg~./sec. for 13 
\ 

, 
year old girls. Godfrey's inves·tigat'ion of maximum anaerobic power in 

children utilized the original Margaria power test. The only difference 

between the two tests is that 'in the Margaria power test, subjects ru'n 

up,a fl iglitt of steps taking two steps at a time, 'wlli le in the t1argaria-" 
J 

Kalmen test, subjects ascend the stairs at maxi~um speeq taking three 

steps at a rime. (t has been reported tnat a greater power output is 

achieved with the three step test (Mathews and Fox, 1976). This could 
.. y 

account, in part, for the higher scores obtalned by t,he gymna~ts. It .. 
has also been suggested that training for, and performin~gymnastic type 

movement~ requires the recruitment of the fast twitch, high glycolytic 

fibers and perhaps their subsequent development (Sale, 1976). The fast 

twitch fibers are preferentially recruited for performing short, high 

intensity work bouts (Mathews and Fox, 1976). It is quite possible, 

therefore, that the gymnasts in this study obtained higher power scores 

due to the effects of gymnastic activity on the improvement of fast 

twitch muscle fiber capacity. 

The results of'the agility ru~ indicated that gymnastics may have a 

positive effect on leg strength and subsequently speed. The mean score. 

for n to 13 year old girls in thts study was 10.0 seconds with a range 

from 9.3 to 11.9 seconds. According tq the AAHPER n~rms, these results 

gtaced the g~nasts in the 90th percentile or greater, depending on their 
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... 
age. In this test the high abiÎity group obtained significantly (0(=.001) 

faster running times than the low ability group. A mean score of 9.7 
, 

seconds, with a range 'from 9.3 to 10.0 seconds, for the high ability .. 

group placed the group in a percenti1e ranking greater than 95 percent. ,. 
The l~w ability group, on the other hand, obtainèd a mean agtlity score 

of 10.3 seconds wÎth a range from 9.5 to 11:9 seconds. These values 

placed the low ability group in a'r-ange from the 30th:të{90th percentile. 

~asurements for strength obtained from the subj~cts in this study 

substantiate the conclusion of a previous article whi~h stated that 

strength is on7 of the outstanding characterÎ'stics of highly trained g1m-

-
nasts (Bosco, L9701. The mean strength score for all subjects in this 

study was 1.2 tO.1 kg/kg body weight. The high abil ity gymnasts obtained 

a significantly (~=.05} higher strength score than the ~ow ability gym-

-nasts. The mean strength séore was 1.4 tO.1 kg/kg body weight for the 

~igh ability group whi1e the 10w ability group had a mean score of 1.1 ± 

0.1 kg/kg body wei9,ht. • Strength scores for two out of the three movements 

measured, shoulder extension and trunk extension, were significantJy 

different at the .05 level between the two abiHt'y groups, while W'lues 

for hip extension were not~significantly different. The shou!ders and 

back are two areas in which strength is vitally important for the per-

formànce of gymnastic routines. It was not surprising, therefore, that 

values optained for shoulder and trunk extension were significantJY'high: 

er f~r the high ability group. While strength in the hip area is also 

considered very important by many coaches, most gymnastic type movements 

invo1ve forceful hip flexion rather: than hip extension (i .e. in perform-

ing a kip). This could possibly explairt. the similar values obtained by 
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.. 
both groups for the measurement of hip exten~ion. M9st strength training 

for the hip area is probably focused on improvement'of hip flexion. 

(n_an~ther in~estigatron, Cumming (1970) reported a much higher 

st~ength score of 3.4 kg/kg body weight for female gymnasts, however, his 

subjects were of college age and the score was calculated from a composite 

of'five different tests than those used in this study. Because of the 

differenées in these two studies and the laek of other investigations 

measuring strength in female gymnasts it is difficult to assess the ~ 

strength score of the subjects i~ this study. 

Anaerobie endurance as measured in this study has not been investi-

gated in other studies, to this a~thors knowledge. Because of the highly 

anqerobic nature of gymnastics, however, it would be exp~cted that anaero-

'bic endurance is an important physical trait to possess and that highly 

trained subjects would have a great~r capacity. It might also be expec-

ted that the capacity of anaerobic endurance wquld be of greater impor-

tance in the uneven paraI leI bars, balance beam and floor exerel~e rou-, 

tines which are longer and more intensive events than vaulting. 

The mean anaerobic endurance times for high and 10w ability gymnasts 

,(194 ±14.8 second~ for low abil ity and 253 ±25.1 seconds for high abil~ty), 
cf' 

were not statistically different. Despite this lack of si9Dificance, 

an~erobic endurance had a low but significant {~=.05) correlitio~ with 

the all-around gymnastic score, "as weIl as for the uneven parallel bars, 

balance beam and floor exercise scores. ,Insignificant differences be-

twee~ .the two groups for this variable can be explained by. the fact that 

the high a~bilit-y group obtained a wlde var,iation ln scores and as a result 
\ 

a large standard error ( ±25.1). Analysis of individual data revealed 
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othat two subjects in the high ability group scored significantly lower 

than the rest of the girls in that_group. When the' scores. for anaerobic 
, 

endurance are considered on an individual basis, however, as in correla-

tion analysis, it becomes apparent that in a significant number of cases, 

scores obtained for anaerobic endurance are significantly and positively . 
1 d t 

. i re ate 0 gymnastlc scores. Further implications of anaerobLc endurance , 

will be discussed later in the section regarding the prediction equations 

for gymnastic ability. 

The testing protocol used to measure flexibility was unique to this 

investigation and as a result there were no other studies with which a 

compar,ison of flexibi 1 ity results could be made. As stat~d '~reviously, 

the individual test items and methddOl09i~S utilized during.the present. 
, 

study were specifically selected because of their importance in gymnastic' 
, 

performance. From the author~' previou~ experience it can be stated that 

the subjects in this study possessed above aver'age flexibility in many, if' 

hot aJ 1. of the areas measured. /,' 

Resul~s of the flexibility measurements obtained on the gymnasts in 

this study support the statement by C'larke (1975) which clailT)ed that both 
, 

the number of years of pàrticipation and the ability level of athletes 

have an effect on flexibility. While both ability groups demonstrated a 

high level,of flexibility, the high ability ~ymnasts~.~~ained a mean. 

total score of 825 ±ll.9 degrees of motion, while the low ability gymnasts 
~ 

hata score of 683 .1:22:5 degrees. This difference in scor,es was signifi-

cant at the .001 level. It is apparent that this difference in flexibil-

ity is due ta tqe training techniques. used and the significantly greater 

amount of time u~ilized for the dèvelopment of maximum range of m?vement 
u 

,/ 

\ 
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in the better competitors. Optimal improvements or ~aintainanee of 

" 

flexibtlity requires a minimum of 30 minutes of sustained stretching exer-

cises each 'day (Bates, 1976). Fl~ibil ity training is part of the daily 

routine for subjects in the high ability group. A high degree of range 
\ 

of. motion is obtaine~r specific join,t areas Ci .e. the hips) by forcing 

the body into extreme positions and maintaining this strenched position 
~ 

for a specified amount of time. Low ability gymnasts consistantly repor-

ted--- f~we': pract i ce d'a ys , and pr~ct'i ~e ~rs per week. ThJ s 'fact a~one 
, (0 1 • 

• (! .. 

probably a'ccounts for th,eir 16wer flexib41ity stores". 
, . . \. 

After an investigatIon of the îndivi~ual measurements, it was appar-

ent th~t aIl the measurements were 'significantly different between the 

ability groups except for shoulder hyperextension, shoulder hyperflexion, 

and trunk'extension. It was reported by Mathews and Fox (1976) that 

shoulder flexibility in athletes is general1y below average as compared 

to the norma~ population. They concludeél that. this 10wer range of move-

ment is most probably due to an increase in muscular str .... ength in this' 

area. The shoulder Is a weak joint structural1y and the primar~ stabil i-

zing factor is the surround)ng musculature. Increases in strength are 

not necessarily associated with a concomitant 1055 in range of motiori' if 

flexibility trainihg is practice~ in conjunction with the strength exer-. 
cises (Clarke, 1975). In this study the high ability gymnasts did not 

obtain flexibility méasures that were lower than those obtained by the 

low ,abillty gyvasts but instead there was no signir'icant difference 

~een ~he two groups. Therefore, although the high ability gymnasts 

, have been found to possess a greater amount of shoulder strength than 

10w ability gymnasts the range of motion was retained due to flexibility 
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training. A possible explaination for the lack of significant difference 

for the measureme~t of trunk extension between the abil ity groups could 
. 

be that even low ability participants În gymnastics develop a high degree 
~ 

of trunk flexibility due to their participation in the sport. 

5.3 PHYSIOLOGICAL CHARACTERISTlCS 
4 

A comparison of the maximum physiological measurement~ obtained 

by various investigators f~r heart rate, oxygen consumption and blood ... 
lactate concentration are presented in Table 20. Studies for both boys 

and girl~ ages 11 to 13 years arè included in the Vable because it has 
~ 

• been shawn that.there are no sex differences for maximum heart rate and 

lactate concentration at this age (Astrand, 1951). In addition, the,re 

are-no significant differences in maximum oxygen consumption values and 

other physiological responses to maximum exercise in children before the 
~ 

beginning of puberty (Astrand, 1951; Wilmore and Sigerseth, 1967; and 

Godfrey, 1974). 
1 

The mean maximum heart rate obtained in }he pres~nt study (197 ta.O 

beats/min.) was comparable, with most of the values reported" by the other 

investigators, but was slightly lower, though probably not signific~ntly 

different, than the maximum rates obtained by Astrand, 1952 (205"beatsl 

min.}, Hermanse and Oseid, 1971 (203 beats/min.) and Saltin and Thoren, 

1968 (200beats/min.). This discrepancy in maximum heart raté values was 

probably due to differences in measurement techniques. Comparisons of. 

maximum heart rate as determÎned by a IO-second ECG, recording and the 
~ 

technique of Astrand (palpation of the first 10 to l5~beats of the 
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Table -20. Maximum heart rate, oxygen consumption and blood lactate"concentratron in children 
9 

ages Il to 13 years. - "\ 
,-

Investigators 

Ast-rand, 1952 

~ 

Wilmore and Sigersethf> 1967 

Sa 1t in and Thoren, 1968 (unpub 1 .) 

Shepard, et al., '1969 
-: 

.. 

Se 1 i ge r et al., 1 971 
• 

Hermanse and Oseip, 1971 

Weber, 1974 
Jo. 

~ 

n (sex) 
t 

Age (years) Heart Rate 
(beats/min) 

19 (boys) 

13 ~g i rIs) 

22 (g i rIs} 

6 (boys) 

la (boys) 

15 (boys) 

12-13 

l2-13 

12-13 

12 

Il 

12-13 

6 (girls) ÎO-~ 

13 (!;Jirls) 10':12 

294 (g i rIs 

la (boys) 

\. 10- (boys) 

12 

I~.? 

"'" 12.5 

13 

205 

207 

194 

200 

193 

193 

199 

,196 

198 

203 

203 

196 

. 
V02 max 
(mT/kg-min) 

57 

50 

49 

55 ~ 

48 

46 

.---J.9 

39 

38, 

55 

5'a 

44 

Lactate max 
(mg%) 

78 

66 

73 

69 

109 \. 
~ 

72 

75 

lOY-<i) Il 200 l, 49 0 77" 

12 (boys) 

16 (1 11 

Study, 1978 29 (girls) 11-13 197 50 "'" 77 

---

U) 
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carotid artery following exercisel showed errors in Astrands' techrtlque 

as great as 22 beatSlrnr( wltn a mean of 10 beats/min. (Goloerg et al., 

1966) . 
p 

ln the present study 14 out of the 29 subjeçts, or 48 percent, 

obtained maximum heart rates of 200 beats/min. or greater. The hlghest 

heart rate recorded was 213 beats~inute. After determining the maxim~m 

heart rate of 136 children betwjen the ages of 1 and 16 years, Goldberg 
l 

et al., (1966) reported tha~ only eight subjects~obtained heart rates 
~ 

above 205 beats/minute. 

Heart rate in this study were recorded during the graded bicycle 
• 1 

ergometer test and during the performance of gymnastic routines to deter-

mine the maximum rat~. Twelve subjects out of 29 reached higher, maximum 

heart rates during the performance of their rout-ines than during the 

graded bicycle test, and nine of these subjects were high ability gym-

nasts. In«,addition, the maximum heart rates were obtained on different . 
routines. Of the 12 subjects who obtained maximum heart rates during a . , 

gymnastic routine, seven were perfo~ming on the uneven paraI leI bars, 

three on the balance beam and two in floor exerclse. 

The maximum values for oxygen consumption were in agreement with 
r 0 

Astrand, 1952, Wilmore and Sigerseth,' 1967, Shepard et 

1974, and Eriksson, 1972, lower than thr~e invéstiga-

report i.ng va 1 ues for boys (As trand, q 952, Sa 1 tin and Thoren, 1968, 

and Hermanse and Oseid, 1971) and h~gher than two investigat?rs reportlng 

- .. 

values for girls CShepard et al., 1969-and Seliger et al., 1971}. The .. 

investigation by Seliger et al. (1971) was'quite ext~nsiye as 294 girls, 

age 12 years were evaluated. This study established a good population 
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norm for this age group. Comparing the past resul ts to those of the pre-

sent study, it can De cortcluded that g~between the ages of 11 and , . 
13 years have similar maximum oxygen uptake values to those of the normal 

population. In addition, the gymnasts in this study had higher aerobic 

capacities than the female gymnasts investigated by Sprynarva and Pariz-

kova, 1969 (42.5 ml/kg·min.) and Cumming, 1970 (43.1 ml/kg·min.) (see 

Table l.}. 

The mean values for maximum aerobic capacity obtained by the two 

ability groups are not significantly different. The high ability gym

nasts had a ~02 max of 51 ml/kg.~in. as compared to the lowability 
p 

gymnasts value of 48 m~/kg'min~ The subject with the highest aerobic 

capacity of 62 ml/kg-min. was one of the top gymnasts in the study. This 

same observation was reported by Novak et al., (1968) after an investiga-

tion of male gymnasts. In Novak et ,associates study, the,top gymnast had 

an aerobic capacity of 60 ml/kg·minute. 

The present study obtained a mean maximum blood lactate concentra-

tion of 77 ±14.3 mg%. This value was similar to the other values listed 
~ 

in Table 20. Astrand, (1951) reported that in children of the same age, 

there were no sex ~ifferences between the values obtained for maximum 

blood lactate concentrations. In addition while you would expect max-

imum lactate levels to be greater than -100 mg% for adults, the normal 
, 

maximal range for children ~ges II to 13 years is between 72 and 88 mg%-

(Godfrey, 1974). The probab)e cause for a low~r lactate production in 

chtldren could be due to the rate limiting enzyme, PFK, which ~isplays 

an activity which is 40 percent of the activity for adults. The IQwand 

htgh ability gymnasts obtained similar maximum lactate values when 
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tested on the bicycle ergometer. 

'The mean heart rates observed during the performance~of gymnastic 

routines for subj~cts ln this study w~re conslderably higher ~han the 

mean values repo~rted by Sel iger et al., (l970): lri that investigation, 

the mean heart rates were 133, 134, and 1)0 beats/mTn. during vaulting, 
. .t' \" 

uneven paral"lEd bar and balar1~e heam routines respectively. The diffi-. / " 
cult y- level of the routines was 'n~t reported. In the present study, the 

\ 

m~an heart rate response for aIl suhj~cts in these same events was 152, 

115 and 169 béats/m'inute. ln another :~'u~ari~ and Phil1ips, 1970), 
1 

the mean heart rate observed for children 7 to 13 years old while vauJt~ 

lng was 153 bea:s/m tn~e wh ich was in c') ose agreement wi th the 

response of 152 beats/min. observed in this study. However, the average 
, , 

hearr rate during fJoor exercise activity was 158 bea~s/min. as compared 

to 169 beats/min. observed in the present invMtigâtion." 

(t was apparent that the gymnasts in th~tudy obtained signlficant~ 

Iy higher heart rate->.averages, while performing their rou'tines, than 
t,. cr .. II 1 . 

gymnasts inve~tigated in other studies. The differences' i~ physiologiéal 

~ respons~s obse~véd bet~en the 'twQ ability groups was equally apparent 'and 
~ ~ Q' 

significant. Average heart rate intensities (high abilj'ty 78 percent, 

'\. 
low ab i 1 i ty 70 percent), peak heart rates (h i gh ab 11 i ty 89 percen t, low 

"-

ability 81 percent) and post exe'rcise lactates (high ability Hmg%, lüW 

abl1ity 19m9%) were aIl found .too?e significantly (ot .... o1) high~r ln the 

more experienced, high ab[lity gymnasts. The difference mayJbe explained 

by the higher diffkulty el-ement present in! the ro~tines of the highly , 

traÎned group. Hence~ a high degr~e of difflct;'ty produces a higher gym-
. \ 

nastic score and placed a greater physiological' demand on the subject. 
" . 

; 
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, 
~ th~ugh the low ability subject were putting a maximal effort tnto 

"-
" 

the perf~rmance of their routines, he level of cardiova~cular adjustment 
~ \ 1 

did not comp~to the more vi.gorou~ and diffîcult performanèes of the . " 
high abiliLY group. 'This relation hip between the dJfffculty level of the 

, 
routine ând cardtac re,sponse was also observed' by Montp&tit (1972)'after 

, 
m0nitorNlg m~le gymnasts while performi~g novice, ~unior and sehior rou-, , 

t ines. 

From the lactate res.ults it seems apparent that trqining the anaro

bic lactate ~m would be of grceater importance for glirls ~ith a h'igh 
1 <il 1 a 

level oT abil ity whereas this type of training would not be as necessary 

" for 'the average high ~ch'o'ol participant. 'For the high ability group, the 

.. 

post ,exercise lactate "cohcentrat ion following a s inglé floor exerci se r 

routi'ne on the average was 37 mg%, while the'lactate concentration after 

uneven paraI leI bar routines was 39 mg%. Repeatlng exercises of this °in_ 
• 0 

tensit~ a total of eight to ten times each, (which is quite normal durin~ 

a trai~ing\session) woWld t;.heoretical1y produce very high blood lactate. 
" 

levels if sufficient rest periods'are not allowed between each repetition 

(Astrand and Rodahl, 1977). The abllity to tolerate high levels of 

lactate wou~d enable a gymnast to practice longer and more 'productiv~ly. 

l ,without feeling greatly fatiqued. \\ 

5 ..... THE USE OF REGRESS.Î,ON EQ,UAT IONS TO PRED 1 CT GYMNAST 1 C AB 1 LI TY 

ln order to ôlltain -prediction equations, the mei3sur~ments of selec

ted phy'sical, phys'iologÎcal "and anthropometric yariiables were analysed .,. 

to evaluate thei} relative contribution in the prediction of gymnast[c 

\1 
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scores. Two regression an~lysis, one with and one without the inclusion 

of the experience variable, were computed for all-around gymnastic"abtl-
, 

i ty and for each event. Accord ing to the rat ing of Weber and Lamb ( 1970) 
" 

the coefficients of determination (R2) for a1l the re~ression equations 
~ 

computed with or without the experience variable showed "high ll to "very------. 

stro~~1 re,lationships in the strength of their prediction accuracy. The 

raryge for R2 in the equations computed without the,xperience variable 

was from .815 for vaulting ability to .888 for the prediction of floor 

exercise ability. With the addition of the.experience variable, predic-
, . 

tion accuracy\lincreased as the amount of explained variance ranged from 

'- 88 percent for v~liltJÎ.ng abi lit y to 94 percent for all-around ability. 

When experience was ~xcluded from the analy~is, the flex.ibility. 

variable was consistantly selected as the first variable to enter the 

regress ion equation and tnerefore was the single best predictor for gym-

nastic success. The flexibility variable alone expla-i-ned from 53 to 58 

percent of the variance in the dependent variables. However, when the 
4 

experiehce varia'bleowas included into the regression analysis it was se

I 
lac~ed as the best single predictor, explaining from 76 to 80 perc~nt of 

the variance in the dependent variables. Ttre other variables selected as 

s'ignificant predictors of ability were quite different, depending on 
~ , 

-'- -~~ 
whet:her or not the experience var;jable was-;ncluded in the analysis . 

.. 
This was explained by the fact that many of the variables, such as total r 

skinfold, flexibility, strength ali-d agility are highly corrlflated wlth 

experience and were therefore partialled out of the regression analysis 

when experience was incI~ded.l Hence, the experience vari~b;e actually 

represented a compilation of many of the individual variables . 

. . 
\ 



, 
97 

o 

ypon analysir:tg, the ipdividual regre'sston équations comp~ted with the 
. . 

exclusion of the expe..rien,çe var-iable, ït was'apparenJ that a few regres-
, 

sion variablès were r~peatedly selected as strong predictors for all-

aro4,nd abil ity and ability in each of the events. Following the inclu-

s ion of the 

iables most 

. 
flexibi 1 ity varIable into eacn of the equat ions the next var

often selected were pow«rr, anaerobic endurance and post-èxer-

cise lactate concentrations. Each of these variables was selecte~ in 

three out of the five regression equations. Thé variables of agility, 

tota 1 skinfo 1 d, and height were a Iso important pred lctors. for gymnast i c 

abil ity as they were eaCA significant in two of the prediction equations. 

Three other variables were selected on only one occasion. 
" 

These var i ab les 

were average heart rate intensity for the balance beam, and the maximum 
1 

lactate and maximum aerobic capacity, both for floor exercise. 

The relatJve importance of most of these variables for gymnastic 

succe'ss ts quite apparent, however, a few variables deserve some~discus-

sion. The variables of post-exercise lactate and average heart rate in

tensity were closely related' to the difficulty level of the routines- and 

their selection as significant predictors indicated the importance of in-
,-

cluding high difficulty movements to obtain a high score. The values for 

anaerobic endurance and power were poth measured utilizing leg exercise. 
o 

1 t wou 1 d be incorrect to assume thàt these measurements were representa-
. 

C)" tive of other parts of the body (i.e. the arms). It is therefore diffi-

cu 1 t to exp 1 ai n the importance of both of these va ri ab 1 es in the uneven ' 

paraI leI bars event. Because of these findings it would be interesting 
Il 

to measure the muscular endur~nce and power capacity of the arms to 

furtl1er investigate ttlelmportance of tl1ese variables in the uneven 

\ 

1 

Q 
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para] leI bars eyent. Although the'floor exerc:ise event lS quite brief 

(approximatelyone minute to one minute 30 seconds), it is not surpris-

rhat the variable of maximum aerobic capacity was chosen as an impor

(tant predictor of success j'n this event. As Astrand (1967) stated, 
_v. 

"when large muscle groups are very active for-a minute of longer the in-

dividuals aerobic work capacity is ta a higfnlegree decisive for his 

capac { ty." 
1 

As with the first set of equatio?,s that were computed, it was inter-

esting to note that again only a few variables were repeatedly selected 

as significant predictors when regres"sion analysis was performed with the 
, 

addition of the experience variable. Following the experience variable 

}n importance the oth.er significant predictors of gymnastic.abil ity were 

_power, heigh.t, agility, total skinfold and flexibility. 

.. 

1 

\ 
\ 
\ 
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CHAPTER VI 

SUMMARY, CO~CLUS'[ONS AND RECOMMENDATlONS 

6. 1 SUMMARY 

The purpose of this investigation was to ascertain the relative 

'importance of selected physical, physiological and anthrop"ometric varia-

bles in predicting.all-around gymnastic ability and ability in each of 

the individual events. To accomplish this task it was important to an-

alyse the differences between two distinct ability groups on aIl of the 

measurements obtalned in order to determine whlch varIables mo~t clearly 

distinguished the nigh ~btlity gymnast from the low ability gymnast. 'A 

. review of related literature revealed that some studies had investigated 

" -
the abil tty of various physical and anthropometric variables to predict 

gymn,astic ability. There were, however, no studies indicating the signif-, 

icance of physiological capacities on gymnastic abil ity. An awareness 

of important physical, physiologieal and anthropometric. characteristics 

that distingu~sh the high abrI ity gymnasts from the low abi 1 hty gymnasts 
" 

will provide a helpful training'g~ide and evlauation tool for the gym-

nastie coach. 

A total 9f 29 female, all-around gymnasts betweep the ages of Il 

and 13 years, _were evaluated on 13 variables: (1) height, (2) weight" 
III 

(3) total skinfold, (4} anaerobtc endurance, CSJ flexibllity, (6) power, 

(7} strength, C8} agility, (9) maximum aerobic capacity, (IO} maximum 

lactate, (II) heart rate response dur ing gymnast ic rout ines, (12) post 
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exercise \lactate and (13) experience. Maximum aerobic capacity was de-

termined witn a graded, discontinuous, bicycle ergometer test. The 

Margarta-Kalmen power test was utilized to measur~ alactic power. Values 

for maximum lactate and anaerobic endurance 'were ootained from a short, 

exhaustive bicycle ergometer tést. Each subject pedalled at a r,ate be

tween 60 and 70 rpm and a reststance corre~onding to six percent of ner 

body weight in kilograms. Maximum lactate was determined from a blood 

sample drawn five minutes following the 'termination of the'test. Anaero-

bic endurance was dest~nated as the total time in seconds that the sub-

ject was able to maintain the prescribed worklo'ad. Total body strength 
, 

was evaluated with a cable-tension test battery developed by Clarke and 

Monroe. In aIl, three movements lshoulder extension, hip extension, and 

trunk extension} were evaluated and totalled for a composite score in 
\ 

kg/kg body wetght. Flexibility was determined using a Leighton Flex-

ometer and an eight item test battery. A composite score in total de-

grees was calculated From the following mea~urements; (l}.acti~e hip ab-
" 

duction - both -legs, (2) actlve hip flexion - both legs, (3) shoulder 

hyperflexion and hyperextension and (4) trunk flexion 'ans extension. 

The AAHPER 30 f<oot shuttle run was used to evaluate agility. Each sub-

j~cts height and/welght were determined with a standard scale and skin-
\ 

, (1 \J 

folds were taken on four sites (triceps, sUbsca7lar, abdominal and 

s~ailiac) and totalled for a composite score. Heart rate was monitor-

ed durtng the performance of each routine via radio telemetry. After 

determintng each subJects maxim~m an~ resting heart rate~ the Karvonen 

formula was used to calculate average heart rate intensity for each , . 

event. Post-exercise lactates were determined from blood samples drawn 

.. 
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five minu~es fOllôwing each routine, except vaulting. An enzymatic pro-

ceaure was used to analyse each blood sample. A criterion score for the 

experience variable was datermined from a questionnaire. The question-
1 
1 

naire éva'luated~four factors; (1) years of formaI gymnastic training, 

Cz} number of meets in whi ch the subJect had competed, (J) average num-
9 . 

ber of heurs ef practice per week and (4) number of months per year devo-

ted to gymnastic practice. All-araund and individ!Jal event gymnastic 

scores were standardized based on difficulty level and used as a me.asure 

-
of the subjects abi 1 ity level. High abi 1 ity subjects had all--around 

~ 
scores equal ta or greater tnan 30 points while low ability gymnasts had 

all-araund ~cores below 20 points. 

Analys i 5 of variance and t-~est procedures were ut i lhed ta deter-

mine significant differences betweèn the ability groups in ail the var-

iables measured. High abi 1 itY_9ymnasts obtained significantly (d. =.05) 

lewer scores for agility and total skinfold and higher scores for flex-

ibility, strength, average heart rate intensity and post-exercise lactate. 

than the low ability gym(lasts. Further'anal'ysis <;1feich gymnastïce~ent 

revealed that there were significant (tt. =.05) d·ifferences in the physia-
, 

1 • 1 h f ~. f h .. oglca response, ta t e per armances.ln terms a eart rate Intenslty 

but_no differences in lactate concentration were~erved. For high 

ability gymnasts, average heart rate intensity {:furing vaulting was 
• 

significantly lower th~n the other events. The low abil ity gymnasts 

obtained similar heart rate responses for aIl the gymnastic events with 

one ex<;:-eption, the uneven parallel bar routine el ic:ited a significantly 

higher heart rate ~esponse than vau 1 t tng. 

Five of the iridependent variables, experience, flexrbility, agility, 
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total skinfold and strength were found to be significantly (cl ::::.051 and 
, . ~ 

consistently_ correlated with ail of the dependent vadaoles. The exper-

lence variable showed the highest correlation w-ith aIl of the gym!1astic \ 

scores (range r=.87 to r=.90). I~ter-correlatio'ns were computed between . 
the! independent variables. Three variables, (total skinfàld, agi1ity 

and experience) were stgni,ficantly'co~related with five other independent 

variables. Prediction equations, for all-around abtl ity and individ~al 

. ' 

events were computed with and wit!tout the experience variable entered 

into the regression analysis. Coefficients of determination ranged from \. 

R2=.815 to R2::::.888 when the experience variable was excluded from the 
"1 ·1 

analysis. The flexibility variable was found to be the singJe'best , 
pred i ctor of abiJity. \olt th the expe.-i ence variable inc l uded in the 

R
2 

, 

ana} ys is, ranged from .879 for vaulting ab i 1 i ty to .940 fcfr a ll-a,round 

ability: ln this si tuat i on the exper i ence variable was the mos t si gn i f-

icant predictor in each equation. 

6.2 ,CONCLUS IONS 

Based upon the results, obtained and within the confines of the 

limitations of this study~ the fol towing conclusions seem justified: 

Ct) High abi 1 ity gymnasts are significantly leaner, stronger, 

more agi le and more flexible than low abiltty," gymnasts. 

(21 The performance of gymnastic routines el icit::; a moderate to 
.. , 

high heart rate response (61 to 80 percent intensityl ,and ~igh 

abi 1 ity gymnasts obtain signiflcantly higher heart rate in-

,tens i !tes than low ab il i ty 9ymna s t's. 
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(3} Signlficant increases in resting lactate are observed follow-

ing the performance of gymnastic routines ~nd high abil ity 

"" 
gymnasts obtatn signLficantly higher levels than low ability 

,gymnasts. 

(4) The gymnastic events el icit significantly different physiolog-

ical responses in terms of heart rate intensity, but similar 

respons~s in terms of post~exercise lactate. 

CS} Multiple regression equations have been developed that may be 

used to predict al l-around gymnastic ability and ability in 

each of the events. 

The results of thts study.~uggest implkations for thers.election 

and training of potent!al gymnasts. A short test battery could easily 

" 
be cons'tructed us ing the regress ion coeff icients that were found to be 

significant predictors of gymnastic abil ity. Results from the adnrinis

tration of the t\st battery can be used by coaches to evaluate ability 

and/or aetermine areas of weakness. Aside from measuring post-exercise 

lactate measurements, heart rate response and maximum aerobic capacity, 

each of the variables can be evaluated wÎth a short simple test proce-

dure. 

Girls selected for gymnastiGs training should be small in size and 

very Jean. Other physical capacities that are particularly desirable to 
, . 

possess and train are flexibility, power, anaerobic endurance and maximum 

" aerobtc capacity. While there are undoubtedly many other fact~rs which 

contribute to 9ymnastic ability it ts apparent that· these variables 

have been shown to be significant contcibutors to performance success. 

o 



.................. ----------------------~ 

1 

104 

6.,3 RECOMMENDATIONS 

Many 'of the test batteries and measurement procedu·fes were used for 

the first time in this study and in most cases for the first time on gym-

~asts. Recommendations for changes ln these ~ests and for future studtes 

are as foll ows: 

(1) Because of the great extent of arm exercise involved in gym-

nastics, development of tests to measure anaerobic endurance 

and power in the arms or upper body would be significant con-

tributions to tht:!' evaluati'on of gymnastic ability. 

(2) ~l.thougn differences between the two ability groups for maximum 

lactate were insignificant, further investigation into the 
, 

~naerobic capacity of gymnasts is war~ented. Gymnastics is 

a highly anaero6ic actlvity and lt would be expected that 

more experienced gymnasts would have significa~tly greater 
\ 

anaerobic capacities. 

(3) Maximum aerobtc capaci~y was found to be a sLgnificant predic,

tor of abil ity ln the floor exercise event. Becuase of th~ 

small sampl& size in this study, further investigation into thi 
," 

importance 'of aerobic capacity in gy~nasts is warrented. 

(4) To establish the val idity of the regression equations formula-

ted in this study, another sample of approximately 30 gymnasts 
/' 

should be measured on the significant predictor variables to .' 

test the ability of the~regression equattons to predict all-

around gymnast[c scores and individual routine scores. 
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