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SUMMARY: Sports specialization requires understanding morphological variability to optimize performance, yet detailed analyses
of track and field athletes' anthropometric profiles, especially in Latin America, are sparse. This study addresses thiargaprig/the
anthropometric characteristics of elite and Olympic Mexican track and field athletes. Seventy-four athletes (49 men, 2&gecrdery,

(+4.41) years, representing Mexico at the XXIV Central American and Caribbean Athletics Championship, were evaluated. &g the |
protocol, 43 anthropometric variables were assessed to describe their physical morphology, including the Heath-Cartee,Sooaigtotyp
composition, muscle-bone index, muscular-adipose index, sum of skinfold thicknesses, and proportionality. The correspomgence am
these variables was analyzed across different groups: sprint (n=32), middle-distance (n=6), long-distance (n=11), ey cmbi(red

events (n=3), jumps (n=11), and throws (n=6). Results revealed sprinters and middle-distance runners were predominaptiicectomor
mesomorphs, while long-distance runners were mesomorph ectomorphs. Sprinters had higher adipose mass compared to eerdurance runn
Throwers exhibited larger dimensions and greater body mass, muscle, and bone. Additionally, long-distance athletes hadhbigher t
index values than sprinters and jumpers, indicating a potential association between thoracic index and athletic spetiikzstiioty.
highlights the anthropometric diversity among Mexican track and field athletes, providing insights for talent identifit¢tiedewelopment

of tailored training and nutrition programs specific to each discipline.
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INTRODUCTION

Research on track and field competitors has beeonmparison with the competitors from the 1928 Amsterdam
of great interest in sports applied sciences since the eadliympic Games (Tanner, 1964).
20th century, particularly from the perspective of
Biological Anthropology. James Tanner was a standout in Other authors have analyzed trends in track and field
this field for describing the phenotypic variability of manyathletes' body mass and stature, emphasizing the
athletes from the 1960 Rome Olympics. Furthermore, lmportance of characterizing their anthropometric profile
analyzed the secular trend in stature and body mass(Bbrms & Hebbelinck, 1984; Norton & Olds, 2001; Olds,
sprinters, long-distance runners, jumpers, and throwers2009). Environmental and contextual factors, such as
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changes in regulations, technical advancements, trainildATERIAL AND METHOD
proper nutrition, growth trends, and professionalization, have
influenced the physical evolution of athletes over tim&tudy Design.This research was conducted as a descriptive,
(Norton & Olds, 2001; Olds, 2009). cross-sectional, and retrospective analysis. Participants
attended the testing location once for data collection. The
In athletics, although some correlational studies haxaudy followed the Strengthening Reporting of Observational
used anthropometric variables relevant to sportStudies in Epidemiology (STROBE) guidelines (von Elm
performance, their analysis has been restricted to a limitetlal,, 2007; Vandenbroucket al, 2014).
set of variables (Sedeaatal, 2014; Manginet al, 2021;
Zaraset al, 2021; Bonatet al, 2023). Other studies have Setting.The study was conducted during the XXIV Central
referred to the study of adaptive modifications of bodjmerican and Caribbean Athletics Championship in Morelia,
composition (Dengeét al, 2020; Tsukaharat al, 2020; Michoacan, Mexico, from July 5 to 7, 2013, at the 'Unidad
Batraet al, 2021; Manginet al., 2021). Deportiva Bicentenario'. It was approved by the Biosafety,
Research, and Ethics Committees of the University of
Although these athletes have beerGuadalajara (CEI062020-01) and registered at
anthropometrically characterized by describing thewlinicaltrials.gov (NCT 06416124). Participants provided
general trends (Tanner, 1964; Borms & Hebbelinck, 198#iformed consent, with parental consent for those under 18,
Norton & Olds, 2001; Olds, 2009), to our knowledge, therm®llowing the Declaration of Helsinki (World Medical
are no publications that address the five-way fractionatigxssociation, 2013).
method of body mass in track and field athletes.
Alternatively, there are a few publications applying th@articipants. A total of 74 Mexican athletes (men: n = 49;
method in different sports (Carvagd al, 2009; Holway women: n = 25; age: 22:54.4 years; stature: 172418.6
& Garavaglia, 2009; Carvajat al, 2012; Bernal-Orozco cm;body mass: 644&12.4 kg; competitive experience: 11.6
et al, 2020; Holwayet al, 2024; Mufozet al, 2024). =+ 4.9 years; weekly training volume: 24t14.8 hours)
Furthermore, reports and publications on the physicparticipated in the study. All were actively competing at
particularities of track and field practitioners in Latinnational or international events, with a record of three
America are limited. In classic studies, such as th&lympic medals and more than 60 medals in international
conducted at the 1960 Rome Olympics (Tanner, 1964), nompetitions. The athletes were divided into seven groups
athletes from this geographic area were included. At tlas follows: Sprint (100 m,110 m hurdles, 200 m, 400 m and
1976 Montreal Olympics, only 30 subjects from Centra4d00 m hurdles), Middle-distance (800 m, 800 m hurdles,
America and the Caribbean were studied across 20 spdrf©0 m), Long-distance (3000, 3000 m steeplechase, 5000
(Carter, 1982). It is also imperative to highlight the lack aih steeplechase, and 10,000 m), Endurance (20k walk and
attention paid to the characteristics of female athletes, 28k half marathon), Combined events (Heptathlon,
another significant limitation. Decathlon), Jumps (Pole vault, High jump, Long jump and
Triple jump) and Throws (Hammer and Javelin). Inclusion
Given the interest in providing comprehensiveriteria: Mexican athletes selected for the Championship and
information on the morphological variability of humans impresent at the evaluation area before competition. Exclusion
athletics worldwide, this study aimed to characterize th@iteria: improper attire or refusal to consent.
anthropometric profile of Olympic and elite track and field
athletes, both male and female, representing Mexico in tiiariables. Forty-three anthropometric variables were
XXIV Central American and Caribbean Athleticsassessed per the International Society for the Advancement
Championship. In particular, considering that event as tloé Kinanthropometry (Stewaet al, 2011). Measurements
base point of Mexico's rise as a sporting power, as observeere taken twice or thrice if discrepancies occurred, and the
since the Lima 2019 Pan-American Games (Pulleirmean or median was used for analysis. Intra-evaluator
Méndez & Morales Ruvalcaba, 2023). Additionally, thigechnical error of measurement (TEM) was calculated
research was intended to contribute data on the five-wéBederson & Gore, 1996), yielding 4.04% for skinfolds and
fractionation method of body mass (Ross & Kerr, 1991),@&87% for other variables.
widely used methodology scarcely documented in
international sports literature. These findings could haugata sources and measurementRarticipants arrived at
significant implications for coaches and sports scientistse test area after a 7-10 hour fast and 12 hours after their
who could use this information to improve trainingast exercise session.
programs and increase the chances of success for Mexican
and Latin American &tetes in international competitions. Anthropometric measurements.Certified level three and
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level two anthropometrists performed measurements. Bolyg; women: 67.6 2.3 kg), stature (men: 180+44.2 cm;
mass was determined using a digital scale (SECA® 874ypmen: 166.3t 2.5 cm), skinfold thickness, and girths
stature and sitting height with a stadiometer (SECA® 217(Table I). Long-distance and endurance athletes had lower
skinfolds with a Harpenden® caliper, girths with a flexibleaverage values for body mass, stature, and most girths.
tape measure, and lengths/breadths with a segmometer @uanbined-events athletes had superior stature values
caliper (SmartMet Kinanthropometric Assessment®)ompared to the throwing group. Generally, throwers
Instruments were calibrated before evaluation. displayed larger breadths, while long-distance runners had
smaller breadths (Table 1). Male combined-events athletes
Anthropometric profile. The data were used to createéhad larger proportionate midstylion-dactylion lengths and
compound variables for the anthropometric profile, includintibiale lateral heights, whereas middle-distance athletes had
Heath-Carter somatotype, Ross and Kerr's body compositianger trochanterion-tibiale lateral lengths.
fractionation, Muscle-Bone Index, Muscular-Adipose Index,
skinfold sums, corrected girths, and proportionality via The five-way fractionation method revealed that
Ross's 'Phantom' strategy (Ross & Wilson, 1974; Cartéinrowing athletes had predominant muscle mass (men: 50.0
1982; Ross & Kerr, 1991; Carter, 2002; Bonditaal., 2022). + 2.1 kg; women: 32.6 2.3 kg), bone mass (men: 1&8
0.3 kg; women: 7.2 0.3 kg), and adipose mass (men: 19.6
Study sample Non-probabilistic convenience sampling was: 4.3 kg; women: 17.8 1.3 kg). However, jumping athletes
employed, broadly representing elite Mexican athleteshowed higher relative adipose mass compared to other
including 22 Olympic athletes. groups (men: 21.& 2.6%; women: 28.@ 3.0%). Long-
distance athletes had the lowest values for muscle and bone
Statistical methods Anthropometric variables were mass. In the somatotype analysis, throwing athletes had the
analyzed by group and presented as meatandard highest adiposity and musculoskeletal development values,
deviation. Reliability analysis validated the consistency afhile middle-distance and endurance athletes had lower
body composition assessments using Spearman correlatieaipies (Table Il). Analysis of somatotype differentiation and
R-squared, correlation confidence interval (CCl), andispersion showed SAD values below two units for all
intraclass correlation coefficient (ICC). The significancgroups. The somatotype of long-distance runners was the
level was p<0.05. Somatotype attitudinal distance (SADhost dispersed, while throwers had the least dispersion.
and mean (SAM) were calculated per Carter's equatioMiddle-distance men and combined events and throwing
(Carter, 2002). Data analysis was performed usingomen had less variation in SAM compared to other groups.
JAMOVI® version 2.3.21. Men in long-distance and endurance sports exhibited a
broader average somatotype (Table II).
RESULTS
Table Ill also presents corrected girths and
The anthropometric characteristics of elite andnthropometric indices by group, with throwers showing
Olympic Mexican track and field athletes are detailed ihigher values for corrected girths, BMI, skinfold sums,
Tables I-IIl.These include absolute measurements, estimatsd muscle-bone ratio (men: £6.2; women: 4.4 0.1).
from the five-way fractionation method of body massNotable trends include higher thoracic indices in male
somatotype components, and proportionality, witmiddle-distance, long-distance, and endurance athletes
differentiation by sex and the seven athlete groupompared to those in sprint, combined events, jumps, and
established for the study. throwers groups. For example, male long-distance athletes
had a thoracic index of 731914.2, higher than throwers
The reliability of the five-way fractionation method (60.9+ 2.0). Similarly, female long-distance athletes had
is evidenced by the comparison of body mass values fronadhoracic index of 71.4 3.9, higher than throwers (61.6
scale (64.& 12.6 kg) and those derived from the sum of theé 0.4). The Height-to-biacromial breadth index (HBBI)
five masses (64.% 12.6 kg). Statistical tests showed avas higher in male long-distance runners compared to
Pearson correlation coefficient of 0.928 (p<0.001; 95% Ghrowers (4.% 0.6 vs. 4.& 0.1). In female long-distance
=0.888-0.954), an R-squared value of 0.862 (p<0.001; 9%hletes, the HBBI was also higher (4.D.5) compared
Cl =0.808-0.976), and an intraclass correlation coefficietd the jumps (4.% 0.2) and sprint groups (4450.1). The
of 0.927 (p<0.001; 95% CI = 0.888-0.953), indicating higiieight-to-biiliocristal breadth index (HBIiL) also showed
reliability and agreement of the method used. differences. Male endurance athletes had an HBIiL of 6.9
+ 0.5, higher than throwers (6220.5). Female long-
Among the athletes, those in the throwing grouplistance athletes had an HBIIL of &&.6, compared to
exhibited the largest average body mass (men: &6 throwers (6.G: 0.3).
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¢ Sprint mMiddle-distance A Long-distance - Endurance +Combined events ®Jumps = Throws DISCUSSION

é a) 1: é b) Mesomorphy

Mesomorphy

The main finding of this study
“  revealed significant morphological
differences among elite Mexican track
and field athletes. Sprinters and
- jumpers were predominantly
o mesomorph-ectomorphic, while long-
* distance runners were mesomorph-
ectomorphs. Throwers exhibited the
. largest dimensions, higher body mass,

I N T O T O Y ' |

Endomorphy Ectomorphy 7] , Endomorphy Ectomorphy ] ,, and greater adiposity. The rellablllty
L L 1 L L 1 L L 1 1 L 1 1 L 1 L L 1 1 1 1 1 L | 1 L L 1 L | 1 L | ] . . .
R R R R TR R R N R R R A A of the five-way fractionation method
Fig. 1. Somatochart showing the mean somatoplots of elite Mexican athletes in trackaginblody mass underscores the need
field, encompassing both male (a) and female (b) participants by group. for specialized training to enhance
2Z-Score=0

i

170.187 mm

L7LH +1.0 B

LiiH+i.7

TLH +1.4
- UGEARS -

“Phantom” stratagem Sprint Middle-di: Long-dist: Endurance Combined events Jumps Throws
Ross & Wison (1974)  Ross & Ward (1882) Male (n=24) Male (n = 5) Male (n=7) Male n =3) Male (n=1) Male (n = 5) Male (n=4)

Fig. 2. Unidimensional humanoid models of proportionality of male athletes categorized by group. Values obtained from tfe means
the Z-Scores derived from basic measurements, lengths, and breadths based on the 'Phamtom’ stratagem. S: Staturegi§ht; Sitting h
TTL: Trochanterion-tibiale laterale length; TLH: Tibiale laterale height; AR: Acromiale-radiale length; RS: Radiale-stydibr) len
MSD: Midstylion-dactylion length; BA: Biacromial breadth; BI: Biiliocristal breadth; TC: Transverse chest breadth; H: Hueeltls b
B: Bi-styloid breadth; F: Femur breadth; BM: Bimalleolar breadth. n The green color accentuates anthropometric variakfes with a
Score< -3.0 or= 3.0. n The yellow color accentuates anthropometric variables with a Z<Sebgeor= 2.5.
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“Phantom” stratagem Sprint Middle-distance L i End Combined events Jumps Throws

)
Ross & Wison (1974) Rass & Ward (1982) Female (n=24) Female (n=5) Femalen=1) Female n=3) Femalen= 1) Female (n=5) Female (n=4)

Fig. 3. Unidimensional humanoid models of proportionality of female athletes categorized by group. Values obtained frams tife mea
the Z-Scores derived from basic measurements, lengths, and breadths based on the 'Phamtom’ stratagem S: Stature;i§ht; Sitting he
TTL: Trochanterion-tibiale laterale length; TLH: Tibiale laterale height; AR: Acromiale-radiale length; RS: Radiale-stydibr) len
MSD: Midstylion-dactylion length; BA: Biacromial breadth; BI: Biiliocristal breadth; TC: Transverse chest breadth; H: Hueeltls b

B: Bi-styloid breadth; F: Femur breadth; BM: Bimalleolar breadth. n The green color accentuates anthropometric variakfes with a
Score< -3.0 or= 3.0. n The yellow color accentuates anthropometric variables with a Z<Sebgeor= 2.5.
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performance. These findings offer valuable insights for high male long-distance runners compared to throwers, and
performance Mexican athletes. similarly in female long-distance athletes compared to
jumpers and sprinters. This suggests that long-distance
Anthropometric research in athletics has typicallathletes have narrower shoulders relative to height, while
favored athletes from North America and Europe, leadiraghletes in short duration events have wider shoulders
to a gap in understanding the characteristics of athletes fr@8tachon’et al, 2023).
Africa, Latin America, and other regions. This lack of
diversity affects the generalization of findings and limits The Height-to-biiliocristal breadth index (HBIiL)
our understanding of the anthropometric traits ofvas higher in endurance athletes compared to throwers,
populations that have significantly contributed to globahdicating that a narrower hip structure relative to height
athletics (Tanner, 1964; Carter, 1982). For instance, whikight enhance movement economy (Stacketal, 2023).
Jamaican athletes excel in short-distance races, Africans
and Mexicans dominate long-distance disciplines and Comparing our results with those from other studies,
Cubans in events requiring explosive strength (Witdrd throwers in this study had lower stature and body mass
al., 2019). than those from the Beijing 2008 Olympic Games (Pavlovic
etal, 2013a,b). Similarly, long jump, triple jump, and high
Our comprehensive anthropometric characterizatignmp competitors from the same Olympics were taller than
of elite Mexican track and field athletes highlights theur sample (Pavlovic, 2012). These discrepancies may arise
disparities across various groups (sprint, middle and lofigom differences in methods used to assess body
distance, endurance, combined events, jumps, and throwe®imposition, as past studies often employed alternative
This study, which adheres to the ISAK protocol fotechnique (Tanner, 1964; Carter, 1982; Alvero-Gal,
anthropometric assessment, provides a complete profile2if20; Fasbendet al, 2021; Stachoat al, 2023). Despite
body composition, somatotype, and proportionality. Theghis, Fleck’s findings align qualitatively with ours, noting
findings serve as normative data for monitoring sporthat Olympic athletes in explosive or endurance events
training, nutritional interventions, and athlete selectiogenerally exhibit lower fat percentages and higher fat free
(Tanner, 1964; Carter, 1982; Tanner, 1983; Taebhel., mass (Fleck, 1983).
1994, 1997; Witarcet al, 2019; Fasbendest al, 2021;
Herrera-Amanteet al, 2021; Zara®t al, 2021; Garcia- Our study also found differences in skinfold
Davilaet al, 2023; Stonet al, 2024). measurements compared to Cuban and Spanish throwers,
with Mexican athletes showing lower skinfold sums (Pons
Notably, our study identified a continuum ofet al, 2015; Carvajaét al, 2018). The reference values
anthropometric variability, especially among throwers whobtained using Ross and Kerr’'s five-way fractionation
showed larger absolute size, higher muscle-bone ratios, andthod are notable for their reliability and relevance, as
greater adiposity and muscle mass. They also h#ds method has recently been applied to various sports
proportionally larger arm girths and hand lengths. Sudlisciplines (Carvajaét al, 2009; Holway & Garavaglia,
traits, not previously highlighted due to the lack of 2009; Carvajakt al, 2012; Bernal-Orozcet al, 2020;
comprehensive anthropometric profile, could enhand@umont Ferro, 2023; Shahidt al, 2023; Holwayet al,
implement release velocity (Fasbendeal, 2021). 2024; Mufiozet al,, 2024).

The role of anthropometry in sports performance is Ethnicity likely influences somatotypic
well documented, not only for throwing events but also farharacteristics, proportionality, and body composition
long-distance running (Alvero-Cru al, 2020; Stachon” (Tanner, 1964). Our study suggests that Mexican athletes
et al., 2023). Although sprinters’ anthropometricdiffer from their international counterparts, reflecting
characteristics have been less studied, specialists agreeemional genetic and climatic factors (Grasgruéeal,
the importance of body configuration and anthropomet3022). Previous research on Mexican athletes, such as race
in athletic performance (Bezodi$ al, 2019). walkers, supports some of our findings but differs in muscle

mass estimates (Rivera Sagal, 2017).

We observed trends in three anthropometric
proportionality indices. The thoracic index was higher ihimitations. This study’'s sample distribution was
middle-distance, long-distance, and endurance athletempalanced, with overrepresentation in certain categories
suggesting a benefit from increased cardiorespirato(g.g., sprint) compared to others (e.g., combined events).
capacity (Romero Collazos & Marrodan Serrano, 1999yhis imbalance limits in depth comparative analyses and
The Height-to-biacromial breadth index (HBBI) was highemay introduce biases in the results.
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Interpretation. Results should be interpreted cautiously due Future research should include longitudinal
to methodological challenges and sample limitations. Despéssessments of athletes' anthropometric characteristics and
these, the study provides valuable data on Mexican tralbkdy composition, along with their physiological and
and field athletes’ anthropometric profiles, offering dunctional characteristics, to improve the understanding of
reference for future research and training programs. the relationship between human structure and sports
performance.
Generalization. The study’s findings are specific to the
sample and may not apply to broader or different athleReCKNOWLEDGEMENTS . The authors would like to
populations. Caution is advised when generalizing thetleank the Federation of Mexican Athletics Associations
results to other groups or competitive levels. (FMAA), and the Organizing Committee of the XXIV
Central American and Caribbean Athletics Championship
Additional Interpretation. Future research should addresgor their support provided for collecting the anthropometric
sample imbalances to build a more comprehensiwata. We also thank Luis Quiroga, Janeth Castafieda, Rodrigo
understanding of athletic success factors. ThiBérez, Julian Santiago, Francisco Magafia, Liliana Hurtado,
anthropometric data could help identify key physicaKaren Alcaraz, Gabriela De Alba, and Vanesa Soto, who
attributes related to performance in track and fieldsupported this research as anthropometrists.

particularly in underrepresented populations like Latin .
American athletes HERRERA-AMANTE, C.A.; CARVAJAL-VEITIA, W.;

RAMOS-GARCIA, C.0.; CRISTI-MONTERO, C.; ALACID,
F.;, CORTES-ROCO, G. & YANEZ-SEPULVEDA, R.
Caracteristicas antropométricas de atletas mexicanos de atletismo
de élite y Olimpicos: Un estudio retrospectilt. J. Morphol.,

This study highlights the anthropometric diversity o14(1)79-91, 2026.
track and field athletes, providing a framework for exercise

science and sports professionals to apply this knowledge in  RESUMEN: La especializacion deportiva requiere
comprender la variabilidad morfolégica para optimizar el

a practical set.tl_ng. The data revegls significant Varl‘fjltlons|]Qndimiento; sin embargo, los analisis detallados de los perfiles
body ComPOS't'O” between the (.jlf.feren.t groups of a'[hl('Z‘Iez_ic‘ntropométricos de los atletas de pista y campo, especialmente en
underscoring the need for individualized approaches {mérica Latina, son escasos. Este estudio aborda este vacio
training and nutrition. examinando las caracteristicas antropométricas de atletas mexicanos
de atletismo de élite y olimpicos. Se evaluaron 74 atletas (49 hombres,

Understanding the specific anthropometric trends @ mujeres), de 22,44,41) afios de edad, que representaron a

each discipline is a valuable tool for professionals in tHdéxico en el XXIV Campeonato Centroamericano y del Caribe de

physical and technical fields to identify and select sporfs/etismo. Utilizando el protacolo ISAK, se evaluaron 43 variables
antropomeétricas para describir su morfologia fisica, incluyendo el

talent and optimize training plans. For throwerssomatotipo de Heath-Carter, la composicién corporal, el indice

characteristics such as greater muscle mass, robust bgpgcyio-¢seo, el indice musculo-adiposo, la suma de los grosores
structure, and larger lengths, such as the midstylion-dactyligs los pliegues cutaneos y la proporcionalidad. Se analizé la
length, can influence the technigue and power of the throwe®rrespondencia entre estas variables en los distintos grupos:
Likewise, endurance runners could benefit from havingelocidad (n=32), medio fondo (n=6), fondo (n=11), resistencia

smaller breadths (e.g., a smaller biiliocristal breadth), whidR=5), pruebas combinadas (n=3), saltos (n=11) y lanzamientos (n=6).

could have positive implications for the running eConomyl_os resultados revel_aron gue los velocistas y los corredores dg medio
fondo eran predominantemente mesomorfos ectomorfos, mientras

T . he bod . f K and f I(ﬁue los corredores de fondo eran ectomorfos mesomorfos. Los
0 optimize the body composition of track and fie elocistas presentaban mayor masa adiposa que los corredores de

athletes, sports nutritionists can use Fhese ?nthr0p0meF€§istencia. Los lanzadores presentaban mayores dimensiones y
characteristics to develop personalized diet plans afthyor masa corporal, muscular y 6sea. Ademas, los atletas de fondo

establish nutritional goals based on muscle, bone, atethian valores de indice toracico més altos que los velocistas y los
adipose mass proportions. saltadores, lo que indica una posible asociacion entre el indice
torécico y la especializacion atlética. Este estudio resalta la diversidad

This study highlights the need for further researcia]ntropométrica entre los atletas mexicanos de pista y campo,

with more balanced sambples to validate and expand th(gé%porcionando ideas para la identificacion de talentos y el desarrollo
p P programas de entrenamiento y nutricién especificos para cada

findings. The cautious application of these resultscoutﬂscip"na_

influence the optimization of strategies for training,

performance, and selection of Mexican and Latin American PALABRAS CLAVE: Cineantropometria;
track and field athletes, helping bridge the gap betweémtropometria; Composicion corporal; Somatotipo;
research and practical application. Rendimiento atlético.

CONCLUSION
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