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Abstract

The aim of the study is to analyse the influenceotdl fat mass and its % regarding total
body weight, as well as the regionalized fat massriink folds,~ abdominal folds, ratio
TS/TI, phantom (Ph) of the folds) and its % regagdiotal fat mass in relation to VO2max
and ventilatory thresholds (VT1, VT2) in young aating to their sport specialty and age
group. The sample is composed of 400 athletes thf $mxes from Centro de Tecnificacion de
Cheste (Valencia) classified into 3 age groups2-%3, 14-16 and 17-20 years of age, and
endurance sports disciplines: athletics, swimmimgj iathlon (n = 134, n =135 and n = 131
respectively). The physiological data was obtaifiesin and ergospirometric incremental
ramp test on a treadmill following the Wassermaotqgarol; and the anthropometric data from
an anthropometric measurement following the ISAKt@col. The results obtained from the
Variance Analysis (ANOVA) indicate significant déffences (p<0,05) for the case of sport
specialties, those being athletics, swimming armathfion. But there were no significant
differences (p<0,05) between athletics and swingmin For the case of age groups, the
findings indicate significant differences (p<0,0bg¢tween the age groups 14-16 and 17-20, as
well as <12-13 and 14-16 years of age. But this masthe case for the age groups <12-13
and 17-20 years of age.
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Resumen

El objetivo del estudio es analizar la influenceald masa grasa total y su % respecto al peso
corporal total, asi como la masa grasa regionaifagliegues troncoz pliegues abdomen,
cociente TS/TI, phantom (Ph) de los pliegues) ysuespecto a la masa grasa total, en
relacion al VO2max y los Umbrales Ventilatorios WV VT2) en jévenes deportistas en
funcidon de su especialidad deportiva y grupo dedetla muestra esta compuesta por 400
deportistas de ambos sexos del Centro de Tecnditale Cheste (Valencia) clasificados en
3 grupos de edad&l12-13, 14-16 y 17-20 afos, y de especialidadesrtieg® de resistencia:
atletismo, natacion y triatlén (n=134, n=135 y ntX8spectivamente). Los datos fisioldgicos
se han obtenido de un test ergoespirométrico ireméahen rampa en cinta rodante siguiendo
el protocolo de Wasserman; y los datos antropoooétride la realizacibn de una
antropometria siguiendo el protocolo ISAK. Los feglos derivados del Analisis de
Varianza (ANOVA) indican que para el caso de lapeemlidades deportivas se han
encontrado diferencias significativas (p<0,05) emtletismo y triatlon, y natacion y triatlon.
No se han encontrado diferencias significativa®(@®) entre atletismo y natacion. Para el
caso de los grupos de edad se han encontradondi@sesignificativas (p<0,05) entre los
grupos de 14-16 y 17-20 afos, y <12-13 y 14-16 .aNosse han encontrado diferencias
significativas (p>0,05) entre los grupos de <12¢11F-20 afios.

Palabras clave
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Introduction

The body composition represents the mass of thierdift tissues that form our
organism (Drinkwater, D.T., Martin A.R, Ross W.[&larys J.P, 1984), being the fat mass
very important for sports performancdsamos N.J. & Zubeldia G.[2003), as it is proven
that the excess adipose tissue acts as deadwelggmnt practicing activities where the body
mass needs to be repeatedly moved against graviggotluce forceRamos N.J. & Zubeldia
G.D, 2003). That is why, it is stated that fat massdaggative impact in sports performance
(Bangsbo J., 1999; Gutin B. et al., 2002). To teat, there are several anthropometric
equations, more than 100 (Alba, 2005), which caleulthe subcutaneous adipose tissue
(adipose panicle). Through this process, it is fpbsg0 obtain the estimation of the total
amount of fat (Madain P.S. et al, 2013), and it baraffected by the implemented method,
and the measurement and calculation techniqueanitatso present some differences due to
the distribution pattern of the adipose tissue £5&905), and the anatomical divisions
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(Janssen, . et al.,, 2004an affect the assessment of the {2 and the ventilatory
thresholds.

A very important aspect to take into account isdistribution of the adipose tissue,
that is to say, its regionalisation. Within the lapnpometric variables, which assess the
distribution patternof the adipose tissue, it is possible to find: tmaist-hip ratio, the
circumference of the waist, the trunk folds, andhwi these, there are subsets like the
abdominal folds (Casajus et al., 2006 & Nassidl.e2804), as well as the phantom (Ph) of
the skinfolds(Lentini, 2004; Maestre et al., 200%articularly the phantom of the waist. All
of them affect the maximal oxygen consumption (V@&jnand the ventilatory thresholds.
However, a partial observation is possible when ahmunt of skinfolds regarded for the
assessment does not represent most of the bodynse(falenzuela, 1996). It thus happens
with Durnin and Womersley’s equation (1974), whishused to assess the body composition
and only records the skinfolds of the upper bodyGoldman and Buskirk’s equation (1961),

which suggests to use three skinfolds separately.

Therefore, in the research study by Madain P.Sal&f2013) the anthropometric
variables (abdominal fold, iliocrestal fold, subsgkar fold and waist circumference)
inversely correlated with the VWi, and the anthropometric variables (abdominal and
iliocrestal fold) did it with the ventilatory thrieeld, being it not possible to find any
significance between these skinfolds and the;p4Q percentage in which the ventilatory
threshold is evidenced.

Consequently, the fat mass is a limiting factoresistance (Martin & Coe, 2007)
because it increases the load that has to be moyélde athlete in each movement, which
means that more energy is required to move the,l®dge the mass increases (Brunet, M. et
al., 2007). This is even more important in the V@2mas it is the functional capacity of a
person, because it is the maximum amount of O2tiganism can absorb, transport and

consume per unit of time (L6pez Chicharro & Ferrém@006).
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With regard to the internal and external layerswbcutaneous adipose tissue, there
are some confrontations among researchers, sirueeB(1971) proposed that the 50 % of
the total adipose tissue was subcutaneous; Maross, Drinkwater and Clarys (1986)
suggested it was almost the 80 %; and Jones £9@9]) discovered that the variability among

individuals, in connection with the subcutaneoud iaternal adipose tissue, is very high.

That being said, the aim of this study is to analyse impact of the total fat mass and
its % regarding the total body weight, as welllzes tegional fat mass and its % regarding the
total fat mass, with regard to the VO2max and tbatilatory thresholds, in the different
sports specialties, for each age and sex groups.

Materials and Method
Design of the Study

The study has a descriptive and cross-sectionakaand it was conducted in 2015.
The assessments were carried out in March, Apdl lslay (concurring with the season’s
competition period), from 2007 to 2015, when a néstabase was created, which was

organised by age and sex.

Ethical Aspects

Inasmuch as the data the study is based on cormédpahe databases of the Centro
de Tecnificacion, the respect to the ethical pples for this kind of studies is met, as these
studies were once conducted by the centre in tefrascess to the field, the consent of the

participants, the protection of the anonymity andide confidentiality of the data.

Sample

The sample is composed of a total of 400 youngetdhl of theCentro de
Tecnificacion of Cheste, which reports to the Valan Department of Culture, Education
and Sports. Out of these individuals, 134 practaétetics, 135 practised swimming and 131
practised triathlon; they were men and women froenMalencian Community. The sample is
classified by age groups: <12-13, 14-16, and 1y&0s old.
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The distribution of the sample according to théstésthe following:

Table 1: Sample size

ATHLETICS

M

F

M M=MALE
F F=FEMALE
M

F

Variables and Protocols
Physiological Variables
In order to create the physiological profiles, thkowing parameters were analysed:

- VO, max/kg/min (direct)
- VO2umb/kg/min (direct)
- VT1 (direct)

Firstly, to obtain the physiological profile, thetd were collected by means of an
ergospirometry incremental ramp test on a pulspfcbémos treadmill. The test correlates
with the Wasserman 7 protocol for women and the d&fasan 8 protocol for men, which,
after a warming up period, consists on an initi@ld of 8km/h and a constant 1% gradient
(simulates the conditions of the track and theibicof the air) throughout the test, increasing
it in 1km/h each minute until exhaustion. The poers day, the athlete carried out a lighter
training, so as not to interfere with the stress tesults.

As gas analysing systems, the CPX Ultima Systememby Medgraphics and the
Breeze Gas Suite 6.4.1. software were used. ThanMolg variables were measured: oxygen
consumption (V@), carbon dioxide production (VG ventilation (VE), ventilatory

equivalent for oxygen (VE/V@ and carbon dioxide (VE/VC& and the end-tidal oxygen
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pressure (PETE and end-tidal carbon dioxide pressure (PE}COhe gas is measured
breath by breath through a method called V-Slope.

Secondly, a biological and hormonal control wasdtmted due to the fact that these
variables can modify the interpretation of the hessat these ages (Tanner, 1962), especially
in women (Godoy LA. et al.,, 2010)The groups aged <12-13, 14-16, and 17-20, were
representative of the developmental period to thepyberty, puberty and postpuberty,

concluding that their chronological age was simitatheir biological age.

Anthropometry

Subsequently, the anthropometric variables thagrmattionally correspond to the
ISAK (International Society for the Advancement Kihanthropometry) protocol (ISAK,
2001) were analysed, specifically with the GREC n@€ithropometry Spanish Group)
protocol that uses William Ross’ terminology (Esg@ar1993), supervised by the SEMED
(Spanish Federation of Sports Medicine). During $perts season, the athlete follows a
proper diet, thus the previous days to the anthrmginy, the same diet was followed so that it

would not interfere with the results.

Out of the anthropometries we collected the follogvdata: Age, Weight, Height,
Skinfolds (biceps, triceps, subscapular, ileocteatadominal, thigh and leg), Bone Diameter

(biestiloid, humeral biepicondylar, femoral bicofaty and Perimeters (arm, thigh, leg).

In order to assess the fat mass, the equation ba%ai(Yuhasz, M.S, 1974) modified
by Faulkner (sum of 4 skinfolds x 0,153 + 5,783 fiwen, and sum of 4 skinfolds x 0,213 +
7,9 for women) (Faulkner JA, 1968) was used. Thesfare triceps, subscapular, suprailiac
and abdominal. To regionalise the adipose masdptlmsving equations were uses:trunk
folds (subscapular fold + ileocrestal fold + abdoatifold), = abdominal folds (trunk except
for the subscapular fold), TS/TI quotient (quotidrgtween the upper body and the lower
body skinfolds) and the Phantom model (Ph) (Z indeixthe proportionality skinfolds by
Ross and Wilson (Z= [v x(170,18fE] — p / s ) (Ross & Wilson, 1974). The "d"
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dimensionality factor equals “1” if the variableadength, it equals “2” if it is a surface, and

“3”if it is a volume or a mass.

The muscle mass (Martin) (Martin et al., 1991) atsl percentage were also
calculated. It was obtained by means of the follmvequation: (Height * 0,0553 x
0,0987 x A + 0,0331 x P— 2445) / 1000. Where “M” is: (thigh perimeter —pihigh fold) /
10.

The materials used for the anthropometry were tléoviing: the weight was
established with a mechanical scale, with a precisif 100g, and the height was measured
with a Holtain stadiometer, with a precision of 1mnhe skinfolds were measured with a
Holtain calliper, with a precision going from 0,1mup to 0,2mm and a constant pressure of
10 g/mnf. With a dermographic pencil, we marked all thetaméc spots where the skinfolds
were located. The perimeters were measured witholéaid anthropometric tape, with a

precision of 1mm. The data were gathered in anraptimetric (or pro-forma) sheet.

Data Analysis and Statistical Treatment

The statistical calculations were performed withcisoft Excel 2010 and the SPSS
software 21.0 version (IBM). We calculated centealdency statistics and dispersion (median
and standard deviations), as well as comparisdrststa (Pearson correlation coefficient, T-
test and ANOVA).
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Table 2: Values of the anthropometric and physiiclzigzariables samples in athletics, swimming
and triathlor

VALUES OF THE SAMPLE
AGE <12-13 | 14-16 | 17-20 AGE <12-13 14-16 17-20
T+-ds X+ ds
ATHLETICS
NATES FEMALES
VO2max/Kg/min 62, 7+-7.12 58.38+-8.34 38 25+-6.76 VO2maxFg/min 47 77+-8.12 46 48+-6.89 48 08+-7 34
VO2 umb/kg/'min 52.96+491 50,52+-4.18 52+-3.39 VO2 umbkg/'min 44 02+-6_82 43 53+4 90 44 78+ 2 64
VO2VT1 43 76+-3,00 30 71+-429 39.50+.528 VO2VT1 34 15+6.09 33.43+726 34 05+-726
Fat Miazs 417+-6.78 5. 77+4.68 6.67+-7.39 Fat Mviazs 7.16+6.62 9.17+-5.81 8.83+4382
Fat Miass %% 1025+7.72 10,05+-4.72 10.85+-3.62 Fat Miass %% 15.8+-3,72 1737+237 1735+4.72
SWIMMING
NATES FEMALES
VO2max/Kg/min 36 44+-6 89 55 22+-7.46 52.75+-6.12 VO2maxKg/min 46,71+-6,81 49 61+-8.19 37,537+6,37
VO2 umb/kg'min 48 75+-5,18 48 63+-7.91 4723+ 3 82 VO2 umb/kg/min 41 36+-229 43.63+-3.12 34+2 06
VO2VT1 37.64+-3.71 37.67+-4.82 37.85+427 VO2VT1 31.73+428 34 40+ 520 20 45+-5.07
Fat Miazs 3.05+-8.36 6.06+-7 80 84+771 Fat Miazs 92+3 71 11 44+3 52 11.31+-4 80
Fat Miazz %% 10,02+-6.61 10,76+-5,71 10.94+-8 72 Fat Miaszs %% 17.73+-5.82 1942+ 471 17.93+-6,81
TRIATHLON
NMATES FEMALES
VO2max/Kg/min 60.34+-7 89 58.03+-6.24 57.82+-7.12 VO2maxKg'min 50.33+-7.91 46.37+-6,13 47, 76+-720
V02 umbikg/min 5327+615 |51,06+735 |[512+3589 V02 umbikg/min 4484+ 580 (4028+821 |4154+912
Vo2 VT1 4320+401 | 38.88+400 | 3944+491 V02 VT1 3426+791 | 3260+3591 | 3338+3516
Fat Mass 5,62+-3.89 6.91+-4.81 7.72+-3.17 Fat Mass 8.42+.5.89 1138+789  |10,18+.3 .43
Fat Mass % 1156+361 [1142+780 [1126+4351 Fat Mass % 17.1+-4.62 19.57+561 |18.85+471

In table 1, it is possible to observe the studilbgsplogical variables, and the general

anthropometric variable of the fat mass and iteg@rding the total mass, finding significant

differences (p<0,01), with an “r’ that is very obo$o 1, according to Pearson correlation

coefficient, as well as in the sex category (p<§),dhen the T-Test was conducted.

Table 3: PearsoCorrelatior Coefficient of the anthropometric and physiologicatiable:

Pearson Correlation Coefficient V02 umb kg min VOIVTI Fat Mass Fat Mass %
VOdmaxKgmin 0E 075+ DR 07
VO umbky min 0gE 0743+ 0746+
VO2VT1 0,759* 0743 0873*
Fat Mass DRl 0EI 0g35 Dai7e
Fat Mass % 087 0746+ 073

A very important issue is seeing which anthroporoefariables form the fat mass, as

these can have an impact on the physiological bi@sa That is why, we calculated the

median and standard deviations for each skinfottthair % regarding the total fat mass. The

results were the following:
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Table 4: Values of the anthropometric variablesgamin athletics, swimming and triathlon.

VALUES OF THE SAMPLE
AGE <1213 | 1416 | 1720 | AGE [ <1235 | 1416 [ 1720
£+-ds | [ £+ ds
ATHLETICS
MALES FEMALES
Biceps 4 84+ 315 3,04+ 372 4.66+-3.71 Biceps 3.75+4.31 6.3+-5.02 5,93+-3 20
Triceps 0.25+-3.74 7.43+-2 89 8.68+-4.62 Triceps 10.77+4.07 [12.03+-3.08 [12.15+2.10
Subscapular 5.82+-5.61 6.72+-2.01 8.01+-2.81 Subscapular 7.45+-6,18 9.33+-3.89 8.97+-3.19
Heocrestal 5.44+3_80 5.92+3.10 6.3+-3.82 Teocrestal 7.51+4.08 02+278 10,11+-3,01
Abdominal 7.71+4.71 824+4.04 10+-1.72 Abdominal 11.35+5,01 |13,88+572 |13.12+35.01
Thizh 12.63+2,18  |1022+367 |12.24+482 Thizh 16.62+3,71 |1842+523 |1921+3.19
Leg 14 48+-3.10 T.20+-3 40 8+-3.72 Leg 10.62+-5.08 11.72+-4.72 12+-3.92
SHWIMMING
MALES FEMALES
Biceps 4.95+3.71 4.81+4.01 493+4382 Biceps 7.12+-498 8.48+-3.01 13.48+3_81
Triceps 8.20+.4 61 8.32+4.82 7.4+-582 Triceps 12.44+489 [1354+481 [1643+2.01
Subscapular 5,80+.3 83 7.84+.3 27 8. 1+-4 80 Subscapular 0.06+-3 00 11,12+-4 30 0 34+608
Teocrestal 5.85+-4.70 684+ 4 72 8,02+ 6,87 Teocrestal 0.77+-3.92 11,9+ 333 8. 5+-3.07
Abdominal 7.68+3.80 9_57+4.00 10,1+2.13 Abdominal 1425+3,01 7.5+-3.82 12.75+-3.07
Thizh 1248+3,65 [1205+289 [10.34+308 Thizh 19.99+201 [21.342.12 20.7+-3.01
Leg 8.63+-3.82 9.55+-1.98 8.52+-1.92 Leg 12.64+4 78 14 81+-3 .72 14 88+-3.78
TRIATHLON
MATES FEMAIES
Biceps 6.41+2.90 4.94+371 4.53+-4.56 Biceps 7+2.91 7.44+3_10 8.57+3,38
Triceps 11,08+207 [9.05+2.09 8.64+.1.72 Triceps 1226+429 [14.3+424 13.1+5.12
Subscapular 7.43+-302 803+ 327 8,74+ 401 Subscapular 825+ 3,19 11,4+ 315 12,92+ 528
Teocrestal 7. 74+ 306 813+ 328 747+ 328 Teocrestal 026+ 3,13 11.44+ 210 14.57+-429
Abdominal 11.5+-324 11.63+-4.01 10.98+-3.78 Abdominal 13 44+-4 B3 17.65+-3.08 19.9+-4 19
Thizh 142+4.43 12,59+-3,83  [10,39+4.73 Thigh 7.56+3,87 |22.4+3,16 16.75+492
Leg 11,+-3.33 9. 45+-2 20 TAT+H-2 63 Leg 11.37+-220 15,95+427 12,37+-3,39

Table 5: Values of thenthropometricvariables smples in athletics, swimming and triathl

VALUES OF THE SAMPLE
AGE <1213 | 1416 | 1720 AGE <1213 | 1416 | 1720
i+ ds X +-ds
ATHLETICS
MALES FEMALES
Biceps % 2,04+ 420 7.92+.4 29 2.05+-2.10 Biceps % 821+429 T 79+ 427 7,28+ 336
Triceps % 1537+-3.18  [1493+2.14 [1499+418 Triceps % 1537+-349  |1487+-525 [1491+3.56
Subscapular %6 0.67+-4.01 13,5+-3,10 13,84+-3.90 Subscapular % 10,63+-4.18 11,54+-320 11,01+-3,65
Teocrestal %6 9.04+-4.10 11.9+-3.20 10.88+-3.28 Teocrestal % 10.72+-5.82  |11.37+-573  |12.41+485
Abdominal % 12,81+-3,18  |16,56+481 [1727+3.49 Abdominal % 16.2+-3.30 17,16+-3.84  |16,1+-3,94
Thigh % 2099+3.19  [2054+208  |21.14+-3.48 Thigh % 23.72+427  [22.77+5.73  |23.57+4.04
Leg % 2407+5.13  [1465+4.19 [13.82+428 Leg % 15,16+-537  |14.49+4.15  |14,73+598
SWIMMING
MALES FEMALES
Biceps % 9.21+427 8.16+-3.98 8.64+2.08 Biceps %o 8.35+-3.84 8.58+2.38 14.02+-3.89
Triceps % 15.42+428  [1411+231  [12.83+5.10 Triceps % 14,59+-533  |13,69+-3.61  |17,08+3.73
Subscapular % 10.95+-3.01  |1329+2.19 |1405+3.19 Subscapular % 10.63+-3.19  [11.25+-558  [9.71+-4.29
Heocrestal % 10,88+3,00  [11.6+4.01 13.01+-3.80 Heocrestal %% 11.46+420 [12.07+655 [8.01+2.78
Abdominal %% 1428+229 |1623+4.82 7.52+3.18 Abdominal %% 16.71+427  |17.7+-3.71 13.26+4.19
Thigh %% 2321+3,18  [2043+3.00 [1828+238 Thigh %% 2344+3.18  [21.74+4.19  [21.53+4.18
Leg % 16,05+-3.03  |16,19+-3.10 |14.78+239 Leg % 14.82+4490  [1498+409 |1547+4.10
TRIATHI ON
MALES FEMALES
Biceps % 9.2+308 7.74+-4.39 7,78+-3 49 Biceps % 8.85+320 7.39+2.46 8.73+3.98
Triceps % 15.01+349  |14.18+320 |14.84+538 Triceps % 15404203  |1425+345  |13.34+3.85
Subscapular % 10,67+2.84 [12.58+249 [15.01+4.34 Subscapular % 1042+-328  [11,33+495  [13.16+420
Heocrestal %6 11.11+-4290  [12.74+3.50 [12.83+322 Heocrestal %% 11.7+-4.28 11,37+-638  |14.84+-3.20
Abdominal % 16,51+-3,59  |1822+493 |18.86+3.54 Abdominal % 16.98+2 84 754+428 [2027+234
Thigh % 20,38+423  [19.73+-3.00  [17.85+-3.20 Thigh % 22,19+-3.49  [2226+492 |17.06+-320
LBy cond g2a_bemparidon=analysis, it o l{me:-sighifieant differemces

(p<0,01) between the skinfolds and the VO2max/Kg/amd the VO2umb/Kg/min, and the

VT1, expressed both with absolute values and w94 regarding the total, in terms of the
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Pearson coefficient, having the abdominébcrestal, subscapular, biceps, thigh, leg and
tricepsa higher to lower correlatiorLikewise, it was possible to find a negative etation
between the total fat mass and its % regardingliysiological variablesVhen conducting a
T-Test in the sex category between the skinfoldstae VO2max and the VT2 and the VT1,
expressed both with absolute values and also vatboiregarding the total, it was possible to
find significant differences (p<0,05). We couldalgerify that there is a statistically inverse
relation in the formulas for the regionalisationtleé adipose mass, with the maximal oxygen
consumption (VO2max) and the ventilatory threshqEidrunk folds, = abdominal folds,
TS/TI quotient, phantom (Ph) of the folds), beingmpossible to find statistically inverse
relations among the IMC. There is a higher sigaificinverse relation i abdominal folds
(specially due to the fold in the abdomen) thathmz trunk folds. The phantom (Ph) of the
skinfolds matches with the skinfolds without theaRtom (Ph), having the abdominal,

iliocrestal, subscapular, biceps, thigh, leg ammps a lower to higher correlation

Finally, by conducting an Anova with Tukey's HSD Mtiple correlations, both by age

groups and sports specialty, the results wereath@nfing:

In the anthropometric and physiological variablesgach sports specialty, for all the
values expressed in VO2max/Kg/min, VO2umb/Kg/mirQ2/VT1, and Fat Mass and Fat
Mass %, significant differences (p<0,05) were folretween athletics and triathlon, and
triathlon and swimming, but it was not possiblefied significant differences (p>0,05)

between athletics and swimming.

Table 6: Tukey’'s HSD multiple comparisons by spspgscialty of the anthropometric and
physiological variable

Multiple correlations

Tukey’s HSD
Sports Speciality Sig. Sports Speciality Sig. Sports Speciality Sig.
V02maxKg/min Athletics  |Swimming 0,751 V02 umb/kg/min Athletics  |Swimming 0,5 VO2VT1 Athletics  |Swimming 0,61
Triathlon 0,003* Triathlon 0,0035% Triathlon 0,001*
Swimming |Athletics 0,751 Swimming |Athletics 0,5 Swimming |Athletics 0,61
Triathlon 0,001* Triathlon 0,001* Triathlon 0,000*
Triathlon  |Athletics 0,003* Triathlon  |Athletics 0,0035% Triathlon  |Athletics 0,001*
Swimming 0,001* Swimming 0,001* Swimming 0,000*
Fat Mass Athletics  |Swimming 0,812 Fat Mass % Athletics  |Swimming 0,7
Triathlon 0,0045* Triathlon 0,005*
Swimming |Athletics 0,812 Swimming |Athletics 0,7
Triathlon 0,001* Triathlon 0,001*
Triathlon  |Athletics 0,0045* Triathlon  |Athletics 0,005*
Swimming 0,001* Swimming 0,001*
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In the same way, both in the anthropometric andsiolhygical variables, in the age
groups, for all the values expressed in VO2max/Kig/MO2umb/Kg/min, VO2 VT1 and Fat
Mass and Fat Mass %, significant differences (ps0Were found between athletics and
triathlon, and triathlon and swimming, however iasvnot possible to find significant

differences (p>0,05) between athletics and swimming

Table 7: Tukey’'s HSD multiple comparisons by ageugs of the anthropometric and
physiological variable

Multiple correlations

HSD de Tukey
Age Group Sig. Age Group Sig. Age Group Sig.
V02maxKg/min <12-13 14-16 0,005* V02 umb/kg/min <12-13 14-16 0,025% VO2VTI <12-13 14-16 0,020*
17-20 0,7 17-20 0,5 17-20 0,65
14-16 <12-13 0,005* 14-16 <12-13 0,025* 14-16 <12-13 0,020%
17-20 0,001* 17-20 0,004* 17-20 0,001*
17-20 <12-13 0,7 17-20 <12-13 05 17-20 <12-13 0,65
14-16 0,001* 14-16 0,004* 14-16 0,001*
Fat Mass <12-13 14-16 0,0035* Fat Mass % <12-13 14-16 0,003*
17-20 0,9 17-20 04
14-16 <12-13 0,0035* 14-16 <12-13 0,003*
17-20 0,002* 17-20 0,004*
17-20 <12-13 0,9 17-20 <12-13 04
14-16 0,002* 14-16 0,004*

Given the importance of the muscle mass in thesassent of the VO2max and the
fact that it can have an impact on the resultstdube relationship between muscle mass and
fat mass(Ramos N.J. & Zubeldia G.D., 2003he muscle mass of the athletes and the
percentages were calculated, since the muscle imaslated to the volume of oxygen that is
being metabolized and consumed at a muscular (@eetes et al., 2016; Garrido Chamorro
et al., 2006). It is thus, the most suitable arellgast misleading one (Torres et al., 2016). It
Is possible to see in the results, how the muselesiof the athletes progressively increases in
each age group, abruptly increasing in the pub@tgemer WJ. et al., 2005), due to the
biological and hormonal changes (Granell, 2003 @tiletes who had a greater total muscle
mass and a higher total muscle mass %, and aldaea level of body fat and a lower body
fat %, are the ones who had the highest VO2max/Kgialues.

Table 8: Values of the total muscle mass sampldtanqercentage in athletics, swimming and
triathlor
VALUES OF THE SAMPLE

MALES FEMALES
<1213 1416 | 1720 <1213 1416 | 1720
X+ ds X+ ds

ATHLETICS ATHLETICS
TOTAL MASSMUSCLE  [2884+268 |3683+272 [38.54+216 TOTAL MASS MUSCLE |20.42+.197  [3245+161 |31.83+130
TOTAL MUSCLE MASS % |7147+8,72  [64,78+9.72 [62,75+-10,52 | TOTAL MUSCLE MASS % |6621+-11,62 |6249+10,62 |6324+90.52

SWIMMING SWIMMING
TOTAL MASS MUSCLE  [33.91+211  [3033+215 [43.84+103 TOTAL MASS MUSCLE  |31.75+-1.76 |3415+2.11 |35.8+2.67
For cit _TOTAL MUSCLE MASS % |67,76+-9,61 |61.78+8,51 |3748+0381 | TOTAL MUSCLEMASS % |6242+8,71 |38,77+0,71 |59,19+10,62
TRIATHLON TRIATHLON
TOTAL MASS MUSCLE  [32.25+-123  |37.13+232 [40.87+-145 TOTAL MASS MUSCLE  |3055+234 [33.98+237 |3147+136

TOTAI MUSCLE MASS % [67.24+6.88 |6243+0351 [6023+-10,55 | TOTAL MUSCLE MASS % [63.66+832 [35801+7908 |[58.68+827
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Discussion

The results show that the total fat mass is invgrsdated to the oxygen consumption
(VO2max) and the ventilatory thresholds, meeting #éissertions by Shephard and Astrand
(2000). That can be seen in figure 1.

70 p<0,05
e ' 2 0 & K g R BA
60
- = V02 umb/kg/min M
50 — = VO VTIM
= =M Fat Mass
40
“oo@ee W Fat Mass %
50 et Y 02 3k K g/ i F
20 = = YOI umb/kg/min F
— e VO VYTLF
W =i+ =F Fat Mass
o cos@er FFat Mass%

<12-13 14-16 17-20

Figure 1: Analysis of triathlon athletes of botlxeg according
to the anthropometric and physiological varia

Furthermore, the same ‘happens with ‘the fat masse@arding the total.  The
physiological variables are by a higher fat massegarding the total. This can be noted in

the following table:

Table 9: Analysis of athletes regarding the antbnogtric and physiological variab

Males 4,43 9.5 59,55 52,67 43,65
Athletics <12-13 Females 715 15,58 47,57 43,8 34,9
Males 4,1 9.1 60,2 529 441
Swimming 14-16 Females Bl 16,6 46,9 43,5 341
Males 51 10,3 58,49 51,56 42,3
Triathlon 17-20 Females 8,65 17,1 46,7 429 33,8

Although the results show that there is a negatigeificant correlation between the
adipose tissue and the oxygen consumption (VO2raad)the ventilatory thresholds, it is
necessary to state that conducting a study that takles into account the total value of
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adipose tissue, detracts its regionalisation framnsaeration, as it is possible to better
express the physiological variables in the indigltRimorphostructure (Cejuela R., 2009).
When the analysis focuses on the skinfolds as atwayonsider the adipose mass,
there are skinfolds that have a higher correlatiaih regard to the adipose mass and the
oxygen consumption (VO2max) and ventilatory thrégsioExamples of that are the study by
Venkataet al, (2004) involving athletes, or the one carried by Lépez Calbet (1993)
involving cyclists. Both of them coincide with owtudy, in which the abdominal and
iliocrestal folds are the ones that affect the phlggical variables the most, and that also

considers the subscapular fold, as it is seergurdi 2.

25

p<0,05

20
—p & bhdominal

= [leocrestal

15

= Subscapular

10 - e Abdominal %

= A= lleocrestal %

5 = @= Subscapular %

<12-13 14-16 17-20

Figure 2: Analysis of female triathlon athletesamting
the anthropometric and physiological varia

What is more, it can also be noted that when th®ests are older, the adiposity
increases, thus, there is a higher growth in th&@.4ears old age group, due to the puberty
period, especially in women (Granell, 2003; McCwrthID. et al, 2003). This increasing
adiposity affects the physiological variables (Lbgghicharro J. & Vaquero, A.F, 2006) like

we can see in figure 1, where these variables dsere

All in all, it is necessary to point out that theoportionality Phantom (Ph) model by
Ross and Wilson (1974) presents some difficultreslite athletes and growing individuals,
due to the fact that the normal patterns step dveay the average population standards. For
this reason, variation proposals regarding the namodel have appeared in recent years,
like the Combined Method by Lentini (2004) and 8ealable Method (Maestre et al., 2005).
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Conclusions

1) The total fat mass and its % regarding the totalyb@eight have a negative
impact on the oxygen consumption (VO2max) and envintilatory thresholds (VT1 and
VT2). The maximal oxygen consumption (VO2max), Weatilatory threshold 1 (VT1) and
the ventilatory threshold 2 (VT”), respectively,vieaa higher negative correlation with the

abovementioned.

2) The skinfolds of the regions that form the totaldypdat, expressed with
absolute values and also with their % regardingadted body fat, have a negative impact on
the maximal oxygen consumption (VO2max) and on \hetilatory thresholds (VT1 y
VT2), having the following skinfolds a higher tower correlation:abdominal, iliocrestal,

subscapular, biceps, thigh, leg and triceps

3) The regionalisation of the adipose mass has a inegatpact on the maximal
oxygen consumption (VO2max), and on the ventilatimgsholds (VT1 y VT2), having
thus, thez abdominal folds a higher negative correlation with = trunk folds. Regarding
the phantom (Ph) of the skinfolds, there is a highdéower correlation among the following
skinfolds:abdominal, iliocrestal, subscapular, biceps, thigg,and tricepscoinciding with
the skinfolds without the phantom (Ph).
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