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Abstract

Aim: To evaluate somatotype and its association with body mass index (BMI), body fat (%), and muscle mass (%)
among adult male elite weightlifters in Merida, Mexico. Methods: Eight elite male weightlifters, age ranged from 20-
29 year were studied at Yucatan State Sports Institute of Mexico. Height, weight, skinfolds (biceps, triceps,
subscapular, iliac crest, supraspinale, thigh, and calf), girths (mid-upper arm relaxed and flexed, mid-thigh, and
calf) and breadths (humerus, femur) were recorded. BMI, body fat (%), muscle mass (%), and somatotype were
estimated. Phantom Z-score values (Zp scores) were calculated to estimate similarity of body size and
proportionality. Results: Average age of the participants was 25.80+1.6 years. Average endomorphic mesomorph
somatotype (3.8-7.1-0.5) was observed in the present study. Endomorphy showed significant (p<0.05) correlation
with BMI (r= 0.80), percent body fat (r= 0.98), and percent muscle mass (r=-0.91). Mesomorphy was significantly
correlated with percent muscle mass (r= 0.65, p<0.05). BMI had correlation with percent body fat (r= 0.70, p<0.05)
and percent muscle mass (r= -0.55, p>0.05). Simultaneous increase of body fat and muscle mass with the rise of
body weight of the weightlifters were evident. Body weight, breadths and circumferences had positive Zp scores
whereas skinfolds had negative Zp scores. Conclusions: Somatotype of elite weightlifters showed higher relative
muscularity and lower body fatness. Somatotype was observed to be a reliable indicator to distinguish between
body fatness and leanness.

Keywords: Cerebral Palsy (CP), Glutamine, Triceps Skin Fold (TSF), Middle Upper Arm Circumference (MUAC),
Body Mass (Weight).

Resumen

Objetivo: Evaluar el somatotipo y su asociacion con el indice de masa corporal (IMC), grasa corporal (%) y masa
muscular (%) en halterofilistas de élite masculinos adultos en Mérida, México. Métodos: Se llevé a cabo un
estudio transversal con ocho halterofilistas masculinos de élite, entre los 20 y 29 afios en el Instituto de Deportes
del Estado de Yucatan en México. Se midieron la estatura, el peso, los pliegues cutaneos (biceps, triceps,
subescapular, cresta iliaca, supraespinal, muslo y pierna) y circunferencias (brazo relajado y flexionado, muslo
medio y pierna) y anchos (huimero, fémur). Se estimaron el IMC, la grasa corporal (%), la masa muscular (%) y el
somatotipo. Los valores de la puntuacion Z de Phantom (puntuaciones Zp) fueron calculados para evaluar la
similitud del tamafio corporal y la proporcionalidad. Resultados: La edad promedio de los participantes fue 25.80 +
1.6 afos. En el presente estudio se observd un somatotipo mesomorfo endomorfico (promedio 3.8-7.1-0.5) de los
halterofilistas. El componente endomorfia mostré una correlacion significativa (p <0.05) con el IMC (r = 0.80), el
porcentaje de grasa corporal (r = 0.98) y el porcentaje de masa muscular (r = -0.91). Asi mismo, el componente
mesomorfia se correlaciond significativamente con el porcentaje de masa muscular (r = 0.65, p <0.05). El IMC tuvo
correlacién con el porcentaje de grasa corporal (r = 0.70, p <0.05) y el porcentaje de masa muscular (r = -0.55, p>
0.05). El aumento simultaneo de la grasa corporal y la masa muscular con el aumento del peso corporal fue
evidente. El peso corporal, la amplitud y las circunferencias tuvieron puntuaciones Zp positivas, mientras que los
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pliegues cutaneos tuvieron puntuaciones Zp negativas. Conclusiones: El somatotipo de los halterofilistas de élite
mostré mayor musculatura relativa y menor grasa corporal. Se observd que el somatotipo es un indicador
confiable para distinguir entre la masa grasa y la masa libre de grasa.

Palabras Clave: IMC, Valor de Phantom, Endomorfia, Mesomorfia, Ectomorfia.

Introduccion

Anthropometric evaluation of nutritional status, characteristics of body proportion and composition (body fat
and lean body mass) in sports are important to develop and maintain physique, health, and wellness of the
athletes. Body mass index (BMI) is an important indicator of nutritional status (undernutrition, overweight, and
obesity). However, BMI is reported to be positively correlated with body fat and muscle mass (Chumlea et al.
2002). Therefore, BMI cannot distinguish between fat mass and lean body mass (Bogin and Varela-Silva 2012).
Somatotype is used to estimate overall physique, based on body shape: endomorphy (relative fatness),
mesomorphy (musculoskeletal development relative to height), and ectomorphy (relative linearity) (Carter and
Heath 1990). Body type (somatotype) of athletes may be changed as per demand of sport through optimum
training, exercise, and nutritional intervention that help athletes to enhance sport skills and performance.
Anthropometric evaluation of body proportion, composition, and body type are also important for talent
identification.

Weightlifting is a popular sport in Mexico, and it demands muscular strength to create force to lift the weight
against gravity. A blend of muscle mass, relatively lower body fat, relative short limb lengths, more muscle mass in
the arm and endomorphic mesomorph somatotype may help the weightlifters for better sport performance (Fry et
al. 2006, Vidal Pérez et al. 2021). Short stature, relatively short subischial leg length, and high body fat
characterize the physique of the Maya ethnic group of Yucatan Peninsula in Mexico and Guatemala (Bogin and
Varela-Silva 2010, 2012). Paucity of reports on morphological characteristics of weightlifters from Yucatan raised
our interest to document the information of elite weightlifters from the state. The aim of the present study was to
evaluate somatotype and its association with BMI, body fat (%), and muscle mass (%) among adult male elite
weightlifters in Merida, Mexico.

Materials and Methods

Participants

A cross-sectional study was carried out among 30 adult male weightlifters aged 20 to 29 years in the month
of February-March 2019 at Yucatan State Sports Institute (IDEY in Spanish acronym) (Centro Deportivo Kukulcan)
in Merida, Mexico. Among them, elite weightlifters (n = 8) were selected for the present study who had participated
in the championships at national and international levels. The convenience sample was not representative. The
research project was evaluated by the appropriate institutional committee (see Acknowledgements).

Anthropometric parameters

Recording of anthropometric measurements followed the guideline of International Society for the
Advancement of Kinanthropometry (ISAK) (Esparza-Ros et al. 2019). Height, weight, girths (relaxed and flexed
mid-upper arm, thigh, and calf), skinfolds (biceps, triceps, subscapular, iliac crest, supraspinale, mid-thigh, and
calf), and breadths (humerus, femur) of the weightlifters were measured by an ISAK level 3 criterion
anthropometrist (SDB). Data were recorded in the morning, before any physical exercises and heavy breakfast.

Body weight was measured to the nearest 0.05 kg using an electronic weighing scale (Seca ®, model 881,
Hamburg, Germany), and height to the nearest 0.1 cm using a standard anthropometer (Seca ®, Germany).
Percutaneous measurements were recorded on the right side of the body; breadths were recorded using a
standard sliding caliper (CESCORF ®, Brazil); circumferences using standard tape (Lufkin)- both to the nearest 0.1
cm, and skinfold thickness nearest 0.1 mm using a Harpenden skinfold caliper. Intra-observer technical error of
measurement was within acceptable limits; anthropometric measurement had intraclass correlation coefficient
>0.85 (Altman 1999).

Body mass index (BMI) was estimated using the formula [BMI= weight (kg)/height? (m)] (WHO 1995).
Height-to-weight ratio was calculated. Body fat (%) was estimated using standard equation = (4.95/density — 4.50)
x 100 (Siri 1956). Density was calculated using standard formulas by age of the participants (Durnin and
Womersley 1974). A pre-validated formula was used to estimate skeletal muscle mass (kg and %) (Lee et al. 2000)
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that showed agreement with the results obtained using dual-energy X-ray absorptiometry (Gonzalez-Mendoza et
al. 2019). Somatotype rating was done using standard formulas (Carter and Heath 1990).

Distribution of anthropometric data in different body weight categories as per guideline of the International
Weightlifting Federation for Olympic Games (IWF 2015) was done to observe differences in morphological
characteristics of the weightlifters in the groups. Phantom Z-score values (Zp scores) were used to estimate
relative body size and proportionality of the participant weightlifters (Ross and Marfell-Jones 1991, Ross and
Wilson 1974).

Microsoft Excel ® and SPSS software (Statistical Package for Social Sciences) (Version 15.00, Chicago IL,
USA) were used for data analysis, somatotype rating and calculation of Phantom Z-scores. Anthropometric data
were found to be within acceptable limits of normal distributions (Shapiro-Wilk test, p<0.05). Descriptive statistics of
mean and standard deviation values were calculated. One-way Analysis of Variance was done to find significant
differences between the mean values of independent variables; correlation coefficients were used to find
association between variables. Statistical significance was set a priori at p<0.05.

Results

Mean value of age of young male weightlifters was 25.80 years, ranging between 20 and 29 years. Body
weight of the weightlifters also had a wider range (74 to 101 kg) with a mean value 88.46 kg. Similarly, stature
showed a mean value of 170.3 cm, ranged between 158 and 179 cm. Mean value of BMI was 30.59 kg/m?2 where
majority of the weightlifters were overweight and obese (only one individual had normal BMI of 24.02 kg/m?). Body
fat (%) of the athletes was relatively low (16.86%) with higher muscle mass (39.62 kg, 44.84%) (Table 1).

Table 1 Descriptive statistics of age and anthropometrics characteristics of young adult male elite weightlifting
athletes (n=8).

Variables Minimum Maximum Mean (SD)
Age (year) 20.31 29.86 25.80 (1.62)
Body weight (kg) 73.80 100.80 88.46 (9.36)
Height (cm) 158.00 179.20 170.30 (6.34)
MUAC (cm) (relaxed) 30.00 40.90 35.91 (3.35)
MUAC (cm) (flexed) 31.50 41.10 37.34 (3.09)
Thigh circumference (cm) maximum 53.90 70.80 64.58 (5.97)
Mid-thigh circumference (cm) 53.20 65.80 61.09 (4.58)
Calf circumference (cm) 37.60 41.80 39.13 (1.54)
Biceps skinfold (mm) 3.50 7.00 5.48 (1.18)
Triceps skinfold (mm) 6.50 14.00 10.98 (2.33)
Subscapular skinfold (mm) 8.00 17.00 12.29 (2.96)
lliac crest skinfold (mm) 8.50 22.10 16.23 (4.99)
Supraspinale skinfold (mm) 6.50 19.00 14.30 (4.80)
Thigh skinfold (mm) 6.40 27.80 12.29 (6.66)
Calf skinfold (mm) 6.00 13.00 9.24 (2.37)
Humerus breadth (cm) 6.20 8.00 7.26 (0.54)
Femur breadth (cm) 7.30 11.00 9.95 (1.19)
Body mass index (kg/m?) 24.02 33.68 30.59 (3.68)
Height-to-weight ratio 36.10 41.80 38.31(1.93)
Body fat (%) 13.34 19.70 16.86 (2.36)
MM (kg) (Lee et al., 2000) 33.75 43.94 39.62 (3.78)
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MM (%) (Lee et al., 2000) 43.59 47.46 44.84 (1.30)

SD: Standard deviation; MUAC: Mid-upper arm circumference; MM: Muscle mass

Weightlifters in the present study had endomorphic mesomorph somatotype (3.8-7.1-0.5) in average with a
wide range of mesomorphy component (5.2 to 8.5) (Table 2). When plotted on the somatochart, the weightlifters
were observed in the mesomorph endomorph and endomorphic mesomorph zones (Figure 1).

Table 2 Somatotype of young adult male elite weightlifting athletes (n=8).

Somatotype Minimum Maximum Mean (SD)
Endomorphy 2.7 4.6 3.8(0.7)
Mesomorphy 5.1 8.5 7.10(1.2)
Ectomorphy 0.1 2.0 0.5(0.7)
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Figure 1 Somatotype of young adult male elite weightlifting athletes (n=8).

Distribution of anthropometric characteristics and somatotype of the weightlifters according to the body
weight categories was presented in Table 3. Consistent increase of mean values of BMI, body fat (%), muscle
mass (%), endomorphy, and mesomorphy components with the higher weight categories were observed. However,
differences of mean values were not significant (p>0.05). BMI showed significant positive correlation (p<0.05) with
body fat (%) (r = 0.70), endomorphy component (r = 0.80) and negative correlation with muscle mass (r = -0.55, p =
0.15) and ectomorphy component (r = -0.92, p<0.0001). Body fat (%) also showed significant (p<0.0001) negative
correlation with muscle mass (%) (r = -0.90) and positive correlation with endomorphy component (r = 0.98).
Muscle mass showed significant correlation with the three components: endomorphy (r = -0.91), mesomorphy (r =
0.65), and ectomorphy (r = -0.74) (Table 4).

Table 3 Distribution of anthropometric characteristics of weightlifting athletes (n = 8) in different body
weight categories.

<81 kg (n= F*
2) <89 kg (n=2) <96 kg (n=3) <102 kg (n=1)
Variables Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Body mass index (kg/m?) 2558 (2.21) 31.78 (2.59) 32.12(2.62) 33.68 3.67
Bodly fat (%) 14.61 (0.45)  15.23 (2.67) 18.51 (0.25)  19.70 5.65
Muscle mass (%) (Lee et al., 2000) 43.59 (2.55) 44.25 (0.45) 45.55 (0.26) 45.66 0.95
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Endomorphy 3.1(0.4) 3.4 (0.9) 4.3(0.2) 4.6 3.15
Mesomorphy 6.0 (1.2) 7.1(1.53) 7.8 (1.0) 7.9 0.77
Ectomorphy 1.4 (0.9) 0.2 (0.10) 0.3(0.2) 0.1 2.60

SD: Standard deviation; F: One-way Analysis of Variance; *p>0.05

Table 4 Correlation among BMI, body fat (%) and somatotype of young adult male elite
weightlifting athletes (n=8).

Variables BMI (kg/m?2) Body fat (%) MM (%)

r p-value r p-value r p-value
Body fat (%) 0.70 0.05 1 1 -0.90 <0.0001
MM (%) -0.55 0.15 -0.90 <0.0001 1 1
Endomorphy 0.80 0.02 0.98 <0.0001 -0.91 <0.0001
Mesomorphy 0.58 0.14 0.42 0.30 0.65 0.05
Ectomorphy -0.92 <0.0001 -0.52 0.19 -0.7 0.04

Body mass index (kg/m?); MM: Muscle mass (Lee et al., 2000); r = Pearson correlation coefficient

Body size and proportionality of the weightlifters, estimated by Phantom Z-scores showed body weight,
humerus and femur breadths, mid-upper arm circumference (relaxed and flexed), and calf circumference had
higher Zp values (positive). Z-scores of skinfolds had lower values (negative) (Figure 2).

3
300 becseos oo HBCMY e NG M.Lf‘:‘?.f.(?f“.) ..................................
276

1.69 Calf C (cm)

Zp values

FB (cm) 0.90

-0.24  SSPSF (mm)
TSF (mm) g9

SSSF (mm)-0.97 -1.45 CalfSF (mm)

Figure 2 Relative body size of young adult male elite weightlifting athletes (n=8) with reference to Phantom z-
score. (BW: Body weight; Calf C: Calf circumference; CalfSF: Calf skinfold; FB: Femur breadth; HB: humerus
breadth; MUACT: Mid-upper arm circumference (flexed); MUACT: Mid-upper arm circumference (relaxed); SSPSF:
Supraspinale skinfold; SSSF: Subscapular skinfold; TSF: Triceps skinfold)

Discussion

The purpose of the study was to estimate body type (somatotype) of adult male elite weightlifters and
evaluate its interrelationships with BMI, body fat (%), and muscle mass (%). The weightlifters had endomorphic
mesomorph somatotype, in average; relative fatness (endomorphy) showed significant positive correlation with BMI
and body fat (%). The weightlifters had notable musculoskeletal development relative to height (mesomorphy). BMI
had significant positive correlation with body fat (%) and negative correlation with percentage muscle mass and
relative linearity (ectomorphy). Body fat (%) showed negative interrelationship with muscle mass (%). Therefore, it
was evident that BMI was not a reliable indicator to distinguish between body fat and lean body mass (positive
correlation with percentage body fat, endomorphy, and mesomorphy components). On the other hand, somatotype
could clearly distinguish between relative fatness, musculoskeletal development relative to height, and relative
linearity and had corresponding interrelationships with percentage body fat and muscle mass.

Body proportion and composition are important aspects for the development of athletic skill and
performance. Therefore, anthropometric evaluation of the parameters can document physical and physiological
aspects of athletes representing a country and can be used to compare with the profiles of athletes from other
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countries, along with their levels of competence. Average body weight of the weightlifters in the present study was
88.46 kg, which value was higher than the average body weight (75.2 kg) of elite Spanish male weightlifters
(Canda 2012). Yucatec weightlifters were relatively short (average 170.3 cm, ranged between 158 and 179 cm) in
comparison with that of Spanish weightlifters (179.5 cm). However, variation of body size and proportions across
the populations in the world was reported (Bogin and Varela-Silva 2010). Short height was reported to be
advantageous for the weightlifters (Canda 2012) but another studiys showed that taller weightlifters with higher
body weight also had remarkable advantages (Huebner and Perperoglou 2020). The weightlifters with short height,
short arms, low body fat, and high muscularity had higher relative strength and power than others (Carter 1982,
Ford et al. 1985, Fry et al. 2006, Mayhew et al. 1993). Body fat (%) of the participant weightlifters in the present
study (16.86%) was higher than the recommended values for men (5-12%) (Wilmore and Costill 2007) and also
that of Spanish weightlifters (10%) (Vidal Pérez et al. 2021). However, relative fatness was lower than relative
muscularity of the weightlifters in the present study. Muscle mass (%) estimated among the participant weightlifters
(44.84%) was lower than that value reported earlier (51.6%) (Vidal Pérez et al. 2021) though the guidelines for
evaluation were different in these studies.

It was reported that adult male weightlifters in weight categories had different body types (Stone et al.
2006). Somatotype of weightlifters <85 kg body weight category was ectomorph or mesomorph with 5-10% body
fat (Orvanova 1990), and heavy-weight weightlifters were endomorphic mesomorphs (Stone et al. 2006). Sample
size of the present study was relatively small (n = 8). However, results obtained in the present study at different
body weight categories (<81 kg, <89 kg, < 96 kg, and < 102 kg) were concordant with those reported earlier (Fry et
al. 2006, Orvanova 1990 Stone et al. 2006). Yucatec weightlifters of higher body weight categories had higher BMI,
body fat (%), muscle mass, endomorphy and mesomorphy components in comparison with peers in the lower body
weight categories.

The young adult male elite weightlifters in the present study had endomorphic mesomorph somatotype
(3.8-7.1-0.5) in average that exhibited a blend of high muscularity with relatively low body fatness. Somatotype of
high-performance weightlifters from Colombia was endomorphic mesomorph (3.1-4.2-1.7) (Barajas Ramon and
Santana Lobo 2010), which was very similar to the results obtained in the present study. However, mesomorph
component of the weightlifters from Merida was higher than that of Colombian weightlifters. The Colombian
weightlifters had lower BMI (25 kg/m?) and body fat (10%) in comparison with the characteristics of weightlifters of
Merida, Mexico (30.59 kg/m?2, 16.86%, respectively). Quelal Lopez (2013) reported lower body fat (12%), and
endomorphic mesomorph somatotype (2.9-7.8-1.0) of the weightlifters (69 to 80 kg body weight category) from
Ecuador with age range of 15-20 year. Somatotype of weightlifters from Latin American countries were similar,
independent of other morphological characteristics. Adult weightlifters (above 20 years of age) from Spain also had
similar somatotype (2.2-7.2-0.9), showing relatively higher muscularity (Lopez and Aragones 1989). Kutseryb and
colleagues (2017) reported endomorphic mesomorph somatotype (2.9-5.7-2.3) in average for Ukrainian
weightlifters with a notable ectomorphy component.

Limitations

Limitations of the study include first the type of sample (convenience) that was relatively smaller and drawn
from a single sports complex (IDEY). Bigger sample size and data from other regions of Mexico could have
comparative estimates of physical characteristics of the weightlifters. In addition, comparative statement of the
characteristics of body proportion and composition of the Yucatec weightlifters with that of weightlifters of Olympic
Games could enrich the study. Data on barbell velocity in squat Snatch and Clean & Jerk and their association with
morphological characteristics of the weightlifters could show more precise results that will be considered in future
studies. Non-availability of data of female weightlifting athletes was another limitation.

Conclusion

The present study contributes important information of physical characteristics of elite male weightlifters
from Merida, Mexico. In agreement with the previous studies among weightlifters reported from Latin American and
other countries, the present study showed endomorphic mesomorph somatotype with relatively high muscularity,
and low body fat of the weightlifters despite smaller sample size. Simultaneous increase of body fat and muscle
mass with the rise of body weight of the weightlifters was evident. The information will offer an understanding of
morphological characteristics of Yucatec weightlifters that will help athletes, coaches, trainers, nutritionists, health,
and other sport professionals to improve sports performance.

Int. J. Kinanthrop. 2021, 1(1):53-60 | 58



DOI: 10.34256/ijk2118
Referencias

Altman D.G. (1999). Practical Statistics for Medical Research. Chapman & Hall, London.

Barajas Ramon Y., Santana Lobo F.B. (2010). Caracteristicas morfoldgicas de los deportistas con altos logros de
las selecciones de levantamiento de pesas, voleibol y karate-do del departamento de Cérdoba, Colombia. Revista
Digital, 15(148). <https://www.efdeportes.com/efd148/caracteristicas-morfologicas-de-los-deportistas-con-altos-
logros.htm> (Accessed 11t November 2021).

Bogin B., Varela-Silva M.l. (2010). Leg length, body proportion, and health: A review with a note on beauty.
International Journal of Environmental Research and Public Health, 7(3): 1047-1075. DOI: 10.3390/ijerph7031047.

Bogin B., Varela-Silva M.l. (2012). The Body Mass Index: the good, the bad, and the horrid. Bulletin de la Société
Suisse d'Anthropologie, 18(2) : 5-11.

Canda A.S. (2012). Variables Antropométricas de La Poblacion Deportista Espafiola; Consejo Superior de
Deportes: Madrid, Spain.

Carter J.E.L. (1982). Physical Structure of Olympic Athletes. Part 1, The Montreal Olympic Games Anthropological
Project; Karger: Basel, Switzerland; Miinchen, Germany.

Carter J.E.L., Heath, B.H. (1990). Somatotyping - Development and Applications, Cambridge University Press,
Cambridge, United Kingdom.

Chumlea W.C., Wisemandle W., Guo S.S., Siervogel R.M. (2002). Relationship between frame size and body
composition and bone mineral status. American Journal of Clinical Nutrition, 75(6): 1012-1016. DOI:
10.1093/ajcn/75.6.1012.

Durnin J.V.G.A., Womersley J. (1974). Body fat assessed from total body density and its estimation from skinfold
thickness: measurements on 481 men and women aged from 16 to 72 Years. British Journal of Nutrition, 32(1): 77-
97.

Esparza-Ros F., Vaquero-Cristébal R., Marfell-Jones M. (2019). International Standards for Anthropometric
Assessment. International Society for the Advancement of Kinanthropometry. UCAM Universidad Catélica de
Murcia, Spain.

Ford L.E., Detterline A.J., Ho K.K., Cao W. (1985). Gender and height related limits of muscle strength in world
weightlifting champions. Journal of Applied Physiology, 89(3): 1061-1064. DOI: 10.1152/jappl.2000.89.3.1061.

Fry A.C., Ciroslan D., Fry M.D., LeRoux C.D., Schilling B.K., Chiu L.Z.F. (2006). Anthropometric and performance
variables discriminating elite American junior men weightlifters. The Journal of Strength and Conditioning
Research, 20(4): 861-866. DOI: 10.1519/R-18355.1.

Gonzalez-Mendoza R. G., Gaytan-Gonzalez A., Jiménez-Alvarado J.A., Villegas-Balcazar M., Jauregui-Ulloa E.E.,
Torres-Naranjo F., Lopez-Taylor J.R. (2019). Accuracy of Anthropometric Equations to Estimate DXA-Derived
Skeletal Muscle Mass in Professional Male Soccer Players. Journal of Sports Medicine (Hindawi Publishing
Corporation), 4387636. DOI: 10.1155/2019/4387636.

Huebner M., Perperoglou A. (2020). Sex Differences and impact of body mass on performance from childhood to
senior athletes in Olympic weightlifting. PLoS One, 15: e0238369. DOI: 10.1371/journal.pone.0238369.

IWF. (2015). International Weightlifting Federation Guideline. (<https://www.iwf.net/wp-
content/uploads/downloads/2015/11/IWF-Guidelines_Sport-Equipment-Licensing.pdf>, updated on 26" May 2021)
(Accessed 28" June 2021).

Kutseryb T., Vovkanych L., Hrynkiv M., Majevska S., Muzyka F. (2017). Peculiarities of the somatotype of athletes
with different directions of the training process. Journal of Physical Education and Sport, 17(1): 431- 435. DOI:
10.7752/jpes.2017.01064.

Lee R.C., Wang Z., Heo M., Ross R., Janssen |., Heymsfield S.B. (2000). Total-body skeletal muscle mass:
development and cross-validation of anthropometric prediction models. American Journal of Clinical Nutrition,
72(3): 796-803. DOI: 10.1093/ajcn/72.3.796. Erratum in: American Journal of Clinical Nutrition, 2001, 73(5): 995.

Lépez C., Aragonés M.T. (1989). Somatotipo y % de grasa corporal en halterofilia. APUNTS, XXVI: 151-156.

Mayhew J.L., Piper F.C., Ware J.S. (1993). Anthropometric correlates with strength performance among resistance
trained athletes. The Journal of Sports Medicine and Physical Fitness, 33(2): 159-165.

Int. J. Kinanthrop. 2021, 1(1):53-60 | 59



DOI: 10.34256/ijk2118

Orvanova E. (1990). Somatotypes of weightlifters. Journal of Sports Sciences, 8(2): 119-137. DOI:
10.1080/02640419008732139.

Quelal Lopez H.F. (2013). Utilizacion del Método Antropométrico para Caracterizar el Somatotipo del Pesista
Juvenil Ecuatoriano. Master’s Tesis. Universidad de Guayaquil, Ecuador.

Ross W.D., Marfell-Jones M.J. (1991). Kinanthropometry. In: MacDougall J. D., Wenger, H.A., Green H.J. (Eds.).
Physiological Testing of the High-performance Athlete. Champaign, Human Kinetics Books.

Ross W.D., Wilson N. C. (1974). A stratagem for proportional growth assessment. Acta Paediatrica Belgica, (Suppl.
28): 169-182.

Siri W.E. (1956). Body composition from fluid spaces and density. University of California Radiation Laboratory
Publication No. 3349.

Stone M.H., Pierce K.C., Sands W.A., Stone M.E. (2006). Weightlifting: A brief overview. Strength & Conditioning
Journal, 28(1): 50-66.

Vidal Pérez D., Martinez-Sanz J.M., Ferriz-Valero A., Gomez-Vicente V., Ausé E. (2021). Relationship of Limb
Lengths and Body Composition to Lifting in Weightlifting. International Journal of Environmental Reearch Public
Health, 18(2): 756. DOI: 10.3390/ijerph18020756.

WHO. (1995). Physical status: The Use and Interpretation of Anthropometry. Technical Report Series 854, Geneva.

Wilmore J.H., Costill D.L. (2007). Physiology of Sports and Exercise. 3 Edition. Human Kinetics Publishers, Inc.
Champaign, Illinois.

Acknowledgements

The Authors are thankful to the participant weightlifters, authorities of Cinvestav-IPN and IDEY for their valuable
support.

Institutional Review Board Statement

The study was conducted according to the guidelines of the Declaration of Helsinki. Appropriate institutional
committee evaluated the protocol that was primarily developed for the research work of doctoral thesis of one of
the co-authors (AMCV). Permission of the authority of the Yucatan State Sports Institute (IDEY) in Merida was
taken before the commencement of the study.

Informed Consent Statement

The participants gave consent before recording of anthropometric measurements.

Contributions by the authors: Co-authors had equal contributions to develop the manuscript. AMCV developed
the research project and helped in the preparation of manuscript. SDB conceptualized the idea of the present
study, recorded, and analyzed data and prepared the first draft of manuscript. AAG and CXSC reviewed the
manuscript and gave valuable suggestions to finalize the report.

Conflict of interest

The Authors do not have any conflicts of interest to declare.

About the License

© The Author(s) 2021. The text of this article is licensed under a Creative Commons Attribution 4.0 International
License

Int. J. Kinanthrop. 2021, 1(1):53-60 | 60


https://doi.org/10.1080/02640419008732139

