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Sport-Specific Anthropometry and Body Composition in
Nicaraguan Athletes at the Paris 2024 Olympics
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SUMMARY: Anthropometric characteristics and body composition significantly influence elite sports performance. However,
data on Olympic athletes remains limited. This cross-sectional study aimed to determine the anthropometric charactéastycs and
composition of Nicaraguan athletes who participated in the 2024 Paris Olympic Games. Four female athletes (100-metetispeit, sh
surfing, shooting, and short rowing) and one male athlete (400-meter butterfly swimming) participated in this case streipdviesisu
included 8 skinfolds, 13 girths, 9 lengths/heights, and 9 bone diameters, all assessed using calibrated Holway instawiegts foll
ISAK protocols. Data were processed through ISAKMetry software for body composition and somatotype analysis. The male swimmer
exhibited the highest body mass (82.8 kg), height (183 cm), and wingspan (192.4 cm; relative span index: 105.1 %), whtkr the sh
was the shortest (160 cm). Body fat percentage ranged from 18.2 % (swimmer) to 30.4 % (surfer), with the sprinter showésy the |
value among females (24.8 %). Muscle mass percentage varied from 41.4 % (surfer) to 53.7 % (shooter). Key indices renadaled opti
muscle-to-bone (4.5) and fat-to-muscle (0.3) ratios in the shooter. The somatotypes found in the disciplines were: {{1@hiajics
mesomorphic ectomorph(1.8-3.0-3.7); Surfing: endomorphic mesomorph (3.0-3.6-2.3); Swimming: mesomorph endomorph (3.4-3.7-
2.8); Shooting: ectomorphic mesomorph (1.5-4.9-3.2); Rowing: endomorphic mesomorph (3.4-5.5-1.5). These findings higtdight dist
morphological patterns aligned with sport-specific demands, providing valuable reference data for talent identificatiorirgnd tra
optimization in elite Nicaraguan athletes.
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INTRODUCTION

Olympic athletes represent a unique subset amongality of training programs in the quest to optimize
high-performance athletes, as they follow rigorous trainingpmpetitive performance, depending on the specific sport
regimes to achieve the top spot on the world podium evefaranauskast al, 2024; Martin-Rodrigueet al, 2024).
four years, adhering to a strict training regime that considers
physical, nutritional, and psychological aspects (Giovanelli The International Society for the Advancement of
et al, 2024). In the ongoing monitoring and control of elit&Kinanthropometry (Norton & Olds, 2006) has developed
athletes, body composition assessment can help monitor thiernational standards for anthropometric comparison.
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Using this technique and reference values, skinfolfdctor in athletic performance (Cinasdt al, 2022). For
thickness, circumferences, and bone width can be measuegdmple, in terms of somatotype values and explosive
to obtain analytical elements within kinanthropometry, sucttrength, it was observed that an increase in the endomorphy
as body composition or somatotype of athletes, fromalue had a negative effect on vertical jump performance,
training stages to peak performance. This allows eaulhich assessed the change in the position of the center of
athlete to be compared with themselves (their evolutiomass with respect to gravity. In contrast, an increase in
and with the most successful athletes in their sport (Herresctomorphism had a positive effect on vertical jump and
Amanteet al., 2025a,b). sprint performance (Kutseryit al, 2017). Additionally,
ectomorphic components have been shown to improve
Body composition, which refers to the proportioraerobic capacity in endurance sports (Herrera-Anetrate
of fat, muscle, and bone in an athlete, is a critical factor #025a,b).
athletic performance. An athlete's body composition
phenotype reflects the complex interaction between On the other hand, there has been interest in studying
genotypes, the physiological and metabolic demands whether certain body types confer an advantage in different
sport, diet, and physical training (Cametal.,, 2021; types of sports and/or constitute an important indicator for
Lukaski & Raymond-Pope, 2021). Therefore, traditionatlentifying potential success (Torres-Unefaal, 2013),
anthropometric assessment approaches should tensidering height, for example, in sports such as
supplemented with innovative methods that consider tiasketball. In addition to height, a large arm span (also
identification of total and regional body compositiorknown as reach or arm length) is considered important for
characteristics (e.g., arms, legs, trunk) associated with spathletic success (McCauley, 2018). These groups of athletes
specific performance (Lukaski, 2017). compete in sports where a large arm span is highly valued,
representing both team sports (such as basketball) and
From an operational perspective, skeletal muscladividual sports (like mixed martial arts) (Monsenal,
mass (FFM) represents functional mass and contribut2818), as well as traditional rowers (Ledn-Guerefial,
positively to strength production, thereby enhancing athletk018). Therefore, the aim of this study was to determine
performance (Campaet al, 2021). Conversely, fat massthe anthropometric characteristics and body composition
(FM) is considered non-functional mass, and increasirgf Nicaraguan athletes who participated in the 2024 Paris
amounts of FM mechanically and metabolically hinde®lympic Games.
athletic performance (Garrett & Kirkendall, 2000).
Therefore, greater lean mass and higher bone minekATERIAL AND METHOD
density are characteristics that favor greater expression of
muscle strength and power (Schipiletval, 2013; Stock Study Design.This study is an observational, descriptive,
et al, 2017), while athletes with lower fat mass can bettand cross-sectional case report. The case report format was
withstand exertion than individuals with more nonselected due to the small sample size and highly specialized
functional mass due to a lower relative workload anghopulation (Nicaragua’s Olympic delegation).
potentially, a more efficient thermoregulatory system
(Herrera-Amantet al, 2025a,b). Participants. Five world-class Nicaraguan athletes (4
females, 1 male; age range: 18-26 years) agreed to
Within biotypology, the study of human types basegarticipate and were selected through purposive sampling
on morphological, physiological, and psychologicabf Nicaragua's Olympic delegation. Athletes were in the
characteristics, body physique, which encompasses sifieal stage of their preparation to compete in the 2024 Paris
structure, and body composition, plays a crucial role in spo®ympic Games across diverse disciplines: athletics (100m
science and health, influencing athletic performance asgrint), surfing (shortboard), swimming (400m butterfly),
overall physical fitness (Martinez-Mireles al, 2025). In  shooting (10m air rifle), and rowing (lightweight single
this vein, somatotype involves anthropometric measuremenstsulls). All athletes provided written informed consent
such as skinfold thickness, circumference measurements &oitbwing protocols in accordance with the Declaration of
bone diameters to generate a three-number score representakginki.
the relative predominance of each component of the
somatotype, categorizing body physiques into thBata collection. Anthropometric and body composition
components of endomorphy, mesomorphy and ectomorpipgrameters were calculated using standardized equations
prioritizing body shape and composition over size (Campnd protocols established in our previous works with world-
et al, 2021; Martinez-Mirelest al, 2025). According to class athletes (Garcia-Carri#ébal, 2023; Herrera-Amante
various studies, somatotype is considered a determiniagal, 2025a,b). Complete anthropometric profiles of each
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athlete were assessed in June 2024 as part of thRESULTS
monitoring process for the Paris 2024 Olympic Games.
Conducted following standardized ISAK protocol (EsparzaFable | shows the general athlete’s characteristics,
Ros et al, 2019), measurements were taken undencluding data on sex, age, sport discipline, and basic
standardized conditions (fasting, morning hours, 24h postathropometric variables such as body mass, height,
training) taken twice (thrice in case of discrepancies) ksitting height, and wingspan. In terms of body mass,
two level 2 ISAK-certified anthropometrists. Assessmentalues ranged from 50.0 kg (athletics) to 82.8 kg
included: 4 basic measurements (weight, height, sittifgwimming), with the latter being the highest value among
height, wingspan), 8 skinfolds (triceps, subscapular, bicegghe male athletes. Among all athletes, the swimmer
iliac crest, supraspinal, abdominal, front thigh, medial calfjecorded the highest stature (183.0 cm), while the shooter
13 girths (arm, forearm, wrist, chest, waist, hip, thigh, cal§howed the shortest (160.0 cm). Seated height ranged from
ankle), 9 lengths/heights (stature, sitting height, arm lengtf4.0 cm to 89.0 cm, with the rower having the longest
leg length, foot length, hand length, tibial height, uppéorso. The wingspan ranged from 161.7 cm to 192.4 cm,
arm length, lower arm length), and 9 bone diameteuwsith the latter also belonging to the swimmer, representing
(biacromial, biiliocristal, biepicondylar humerus,a relative wingspan index of over 100 %. This is a
biepicondylar femur, wrist breadth, ankle breadth, chesbommon characteristic among high-level swimmers,
depth, foot breadth, head breadth). attributed to their mechanical advantage in aquatic
propulsion. On the other hand, the sprinter exhibited a
Measurement Instruments. Anthropometric wingspan equivalent to her height (161.7 cm), indicating
measurements were conducted using Holway bramdmore compact profile, which is associated with
instruments. Anthropometric tape: non-stretchablperformance in short-duration, explosive events.
fiberglass with millimeter graduations. Stadiometer:
accuracy of 0.1 cm. Scales: electronic to an accuracy of  Table Il presents the skinfold values, body
100 grams. Professional skinfold caliper: resolution of 1.G8bmponents (fat, muscle, bone, residual, and skin),
mm. Anthropometric box: 40 cm high, 50 cm wide and 3proportional indices, and somatotype of the five athletes.
cm deep. Large diameter gauge: accuracy of 0.1 cm. Skinfold measurements show differences depending on
the sport: the track and field athlete (100 m) has the lowest
Data processing.The anthropometric data were collectedralues § 8 skinfolds: 55.5 mm), while the surfer has the
using the ISAKMetry software during measurements artiighest (97.0 mm), reflecting greater subcutaneous
subsequently analyzed through the program of the Iberadipose tissue. In terms of body fat percentage, it ranges
American Institute of Sports and Human Movemenfrom 18.2 % (swimmers) to 30.4 % (surfers), with the
Sciences, which generated outputs including bodgpwest values observed in explosive or endurance
composition parameters, somatotype classifications, adisciplines. Relative muscle mass varies between 41.4 %
derived anthropometric indices. Once the data was obtainadd 53.7 %, being higher in the shooting athlete, which
it was analyzed and represented in tables reflecting theay be due to individual characteristics rather than
measurements obtained of each athlete. Results weporting demands.
structured to highlight individual athlete profiles through
presentation of absolute measurements and derived indices, Muscular and structural indices such as the muscle/
consistent with case study reporting standards for smhathne index (range: 3.2 to 4.8) and the fat/muscle index
cohorts. No inferential statistics were applied given th@ange: 0.3 to 0.7) allow us to assess structural balance:
descriptive nature of this case report. The most favorable profile corresponded to the shooter
and the sprinter, who have a higher muscle-to-bone mass
ratio and a lower fat-to-muscle ratio. The relative wingspan
Variable Olympic athletes index highlights the swimmer (105.1 %) and the rower

Table |. General characteristics of athletes.

Sex F F M F F (103.0 %), indicating a wingspan greater than their

ipg':years) AszHcl)_ SLljgoF S\{\g'\g S'_z'(ioo Rcz)\é\/(') height, a biomechanical advantage in aquatic disciplines.
g . ' ' ' ' "~ Ultimately, the somatotype exhibits distinct profiles.

Body weight (kg) 50.0 55.5 82.8 52.0 65.2

Height (cm) 162.0 160.9 183.0 160.0 165.0 . . .

Seated height cm)  76.0 810 850 740 890 In athletics (100 m): mesomorphic ectomorph(1.8-

Wingspan (cm) 1617 1631 1924 1667 170.0 3:0-3.7); Surfing: endomorphic mesomorph (3.0-3.6-2.3);

Note: F = female; M = male. ATHL = Athletics 100-meter sprint; SURF =SW|mmmg' mesomorph endomorph (3.4-3.7-2.8);

Surfing (shortboard); SWIM = Swimming (400 meters butterfly); SHOO Shooting: egtomorphic mesomorph (1.5-4.9-3.2); Rowing:
10m air rifle shooting; ROWI: lightweight single scull rowing. endomorphic mesomorph (3.4-5.5-1.5) (Table Il1).
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Table II. Body composition and skinfold measurements by sport in Olympic In relation to wingspan, it can be
athletes. _ observed that the short-distance rower (170 cm)
Variables and the swimmer (192.4 cm) have the highest

$£§:ps (mm) A;';)"‘ S;JSROF Svglg/l S':gg R?SY\Q values, which is consistent with the mechanical
Subscapular (mm) 6.0 6.0 65 100 100 d(_emands of these d|SC|pI|nes, where a gregter
Biceps (mm) 30 60 20 40 45 Wingspan can tr_anslate into greater propglswe
lliac crest (mm) 80 100 90 140 120 efficiency (Oliveiraet aI.,20_21). Podstgwslet
Supraspinal (mm) 50 70 65 115 95 al (2022), showed that elite rowers in the 19—
Abdominal (mm) 105 100 90 13.0 170 22age group had awingspan of 176.9 cm, which
Front thigh (mm) 100 250 8.0 13.0 135 Is greater than that found in our athlete.
Medial calf (mm) 6.0 18.0 6.0 9.0 11.0
Body fat (kg) 12.0 17.3 15.5 14.9 17.2 In contrast, the 100-metre sprinter, with
Body fat (%) 24.8 304 18.2 275 254 awingspan equivalent to her height (wingspan
Muscle mass (kg) 23.0 235 457 234 331 index 99.8), reflects a more balanced and
Muscle (%) 476 414 537 433 489 compact somatotype, common in sprinters
Bone (kg) 54 65 102 7.3 6.9  where explosive force production takes priority
Bone (%) 111 115 120 134 102 over body lever length (Jakovljewétal, 2022).
Residual (kg) 48 6.2 9.5 53 6.9  Elite athletes are expected to have low body fat
Residual (%) 100 109 111 99 102 apg higher muscle tissue values, which enable
Skin (kg) a.1 8.3 4.3 8.2 36 optimal performance (Thomas et al., 2016;
Skin(%) 6.5 5.7 50 58 53  Mathisen et al., 2023). Furthermore, as
SFrUCtured body mass 483 56.7 851 541 67.6 previously reported, excess body fat can reduce
Dif. MCE-MCB (%) 33 22 28 40 36 L
movement speed due to the additional body

Fat (kg) 124 169 150 143 166
Fat (%) 248 304 182 275 254 MAass that the muscular system needs to carry
Muscle (kg) 238 230 44.4 225 319 (Thomaset al, 2016; Herrer_a—Amantet al,

476 414 537 433 489 2025a,b). The 100-metre sprinter has the lowest
Bone (kg) 56 6.4 10.0 70 66 fatpercentage (12 %), which is consistent with
Bone (%) 111 115 120 13.4 10.2 the high-power demands of speed events (Abe
Residual (kg) 5.0 6.1 92 5.1 67 etal, 2019; Milleret al, 2024).
Residual (%) 10.0 10.9 111 99 10.2
Skin (kg) 32 32 42 30 34 In terms of muscle mass percentage, the
Skin (%) 65 57 50 58 53 shooting athlete stands out (53.7 %), which is
Body mass Restructured 50.0 555 828 520 65.2  striking given the low physical demands of her
Diff. MCRE-MCRB (%) 0.0 00 0.0 0.0 0.0  sport. This could be attributed to greater overall
Fat MassZ muscle mass that is not necessarily functional
Muscle Mass Z-score [5C] 01 01 41 0.2 17 forher sport, or to individual characteristics that
Bone Mass Z-score [5C] 06 00 2.8 05 02 cannot be trained. Several studies have
Residual Mass Z-score [5C] -0.7 02 30 -0.6 0.7

documented that sports such as shooting tend
Note: 5C = 5-comp0nent bOdy composition model. to have |Ower musc'e mass indices Compared
to strength or endurance sports, reflecting
Figure 1 shows the somatopoints in the somatocagpecific adaptations to the demands of the sport, as well as

of the Nicaraguan Olympic athletes of Paris 2024. genetic or individual factors beyond specific training
(Walkeret al,, 2023; Canda, 2024). It has been demonstrated
DISCUSSION that between 30 % and 50 % of the variation in muscle

mass can be attributed to genetic factors (Arden & Spector,
This case study allowed us to characterize thE097).

anthropometry and body composition of five Nicaraguan
athletes participating in the 2024 Paris Olympic Games. The ~ Furthermore, it has been demonstrated that diverse
results reveal differences between the various disciplingisciplines present different body compositions, suggesting
considering four female athletes and one male athlete, whidtat not all muscle mass contributes directly to performance
aligns with the literature, which highlights morphologicalif it is not aligned with local biomechanical or strength
specificity as a key determinant of athletic performancdgemands (Gonzalez-Casbal, 2024). Swimmers, on the
(Sekulicet al, 2021; Martinez-Mirallest al, 2025). other hand, have 43.3 %, which is to be expected

1688



ARAYA-PARRALES, H.; CORTES-ROCO, G.; GARCIA-CARRILLO, E.; CASTILLO-PAREDES, A.; GUZMAN-MUNOZ, E.; CONCHA-CISTERNAS, Y.; QUIROZ- CARDENAS, F;
LOPEZ-GIL, J. F. & YANEZ-SEPULVEDA, R. Sport-specific anthropometry and body composition in Nicaraguan athletes at the Paris 2024 dlympiddorphol., 43(5).685-1691,2025.

Table Ill. Anthropometric indices and somatotype profiles in Olympic athletes.

Indexes

Sport ATHL SURF SWIM SHOO ROWI
BMI 19.1 21.4 247 20.3 239
Waist-to-Height 04 04 05 04 05
Height-to-Biacromial 45 44 41 42 46
Height-to-Bii

Biacromial-to-Biiliocristal 15 14 15 13 13
36 Skinfolds 445 81.0 41.0 66.5 74.0
38 Skinfolds (ISAK) 55.5 97.0 520 84.5 90.5
Muscle-to-Bone Mass 43 36 45 32 4.8
Adipose-to-Muscle Mass 05 07 03 06 05
Crural-Troch-Tib/A. Tib/Lat. 10 1.0 11 1.0 1.0
Cormic Index 46.9 50.3 46.4 46.3 53.9
Relative Span Index 99.8 1014 105.1 1042 1030
Thoracic Index 613 64.2 617 59.5 62.8
Brachial Ratio 77.2 79.3 788 820 84.2

Somatotype

Endomormp hy 18 30 15 34 34
Mesomorphy 30 36 49 37 55
Ectomorphy 37 23 22 28 15
X 19 -0.7 0.7 -0.6 -2.0
Y 05 19 6.0 12 6.0

considering the influence of resistance
training in water, which prioritizes
functional but not necessarily
hypertrophied muscles (Zampaggtial,
2008). Studies have shown that lean mass,
especially in the trunk and arms, correlates
strongly (r = 0.44-0.64) with pulling
power in the 100-metre front crawl test
(Strzalaet al., 2020).

The muscle-to-bone and adipose-
to-muscle indices are complementary
indicators for assessing the structural
efficiency of athletes (Domaradzki &
Koz’lenia, 2022). A high muscle-to-bone
index suggests greater muscle
developmentin relation to the skeleton. In
contrast, a low adipose-to-muscle index
indicates a predominance of fat tissue over
muscle tissue (Canda, 2024). In this study,
the best profiles in these indices were
observed in rower (muscle-to-bone ratio:
4.8; fat-to-muscle ratio: 0.5), swimmer
(muscle-to-bone ratio: 4.5; fat-to-muscle

Note: Y6 Skinfolds = (triceps, subscapular, supraspinal, abdominal, front thigh, z{%m: 0.3) and 100-meter sprinter (muscle-

medial calf); 5C = 5-component body composition model; Crural-Troch-Tib/A.TibL

= lower leg proportion ratio (tibiale-trochanterion : tibiale-sphyrion tibiale).

MESOMORPHY

Fig. 1. Somatotype of Nicaraguan Olympic athletes.

OO0 000

SURF

sHoo a comprehensive classification of

ip-bone ratio: 4.3; fat-to-muscle ratio: 0.5),
which confirms their good body
proportions. In contrast, the shooter
showed a lower muscle/bone index
(3.2), which could indicate lower
relative muscle density or a specific

SWIM  adaptation to his discipline of low
rowi Musculoskeletal impact.

Finally, somatotype enables

morphology. Athletes competing in

ATHL  the 100 meters (1.8-3.0-3.7) and

shooting (1.5-4.9-3.2) have marked
ectomorphic and mesomorphic
components, in line with their
respective requirements. The short-
distance rower (3.4-5.5-1.5), with
a mesoendomorphic profile,
reflects the high demands of
strength and endurance in their
discipline. The swimmer (3.4-3.7-
2.8) has a more mixed profile,
typical of middle-distance
swimmers, combining power,
endurance and postural control
(Carter & Heath, 1990;
Baranauskast al, 2024).
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CONCLUSION (0.3) en la tiradora. Los somatotipos reflejaron adaptaciones
especificas por disciplina, incluyendo perfiles ecto-mesomorfico
Results from this study showed examples ofvelocista), meso-endomorfico (remo) y meso-ectomorfico
biomechanical advantages suited to water propulsion afftftacion). Estos hallazgos destacan patrones morfol6gicos
endurance-strength performance including the swimmeplistintivos asociados a las demandas especificas de cada deporte,
noticeable wingspan (105.1 % relative to height) and tfioPorcionando datos de referencia valiosos para la
rower's lengthened torso. With low fat percentages (12—3(5 fntlflcamon de talentos y la optimizacion del entrenamiento

. . tlet i U de élite.
%) and high muscle-to-bone ratios (up to 4.8), athlete® 2''€'as hicaraguenses de etite

demonstrated optimal body composition profiles, particularly PALABRAS CLAVE: Antropometria; Composicion

in sports requiring precision (shooting) and explosivenegg, oral: Rendimiento Deportivo; Somatotipos; Deportes:
(sprinting). In accordance with the physiologicalkgijido Adiposo.

requirements of each discipline, somatotypes varied
systematically from ecto-mesomorphic (sprinter) to MeSEEERENCES

endomorphic (rower). These results highlight the importance

of anthmpometriq p_rOﬁ“ng in Nica‘_raguals tOp Spor_tibe, T.; Dankel, S. J.; Buckner, S. L.; Jessee, M. B.; Mattocks, K. T,;
programs for identifying talent and tailoring training. This  Mouser, J. G.; Bell, Z. W. & Loenneke, J. P. Differences in 100-m
study emphasizes the necessity for longitudinal studies to sprint performance and skeletal muscle mass between elite male and
track athlete development and lays the groundwork for future fem?\}e ;pg‘”tse@-tSPoTrtsDM%d- P*t‘_ys_- ':l't”essv S9GRH-9, 2|01“z- "

_ : . rgen, N. K. pector, 1. D. Genetic Influences on muscle strengtn,
r,ese.amh _On under rep_reS(_anted OIymplc de,legatlon_s' lean body mass, and bone mineral density: a twin stuBpne Miner.
findings give sports scientists and coaches information t0 res., 12(12p076-81, 1997.
help with athlete training and selection, while advocatingaranauskas, M.; Kupc'iu naite’, I.; Lieponiene’, J. & Stukas, R.

for expanded investigations into Central American athletic Dominant somatotype development in relation to body composition
; : ; and dietary macronutrient intake among high-performance athletes
populations to bridge regional research gaps. in water, cycling and combat spordutrients, 16(1Q1L493, 2024.
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