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RESUMEN 

Algunos autores sugieren que la composición corporal de muchos deportistas ha evolucionado hacia un 
físico más compacto y competitivo como parte de un proceso conocido como “optimización morfológica 
del deporte”, gracias al cual los deportistas desarrollan óptimas características para el éxito. El presente 
estudio tiene como objetivo determinar la magnitud y dirección de los cambios en las características an-
tropométricas de voleibolistas cubanas desde el ciclo olímpico 1984-1988 hasta el 2004-2008. Las medi-
das antropométricas fueron comparadas a través de seis ciclos olímpicos en 72 deportistas que integraron 
las selecciones nacionales de voleibol entre 1984 y 2008. A partir de dimensiones antropométricas (peso 
corporal y estatura, estatura sentada, diámetros, circunferencias y pliegues) se obtuvieron diferentes índi-
ces antropométricos y se estimaron los componentes de la composición corporal y el somatotipo. El aná-
lisis de varianza fue empleado para comparar las medias de los diferentes ciclos olímpicos, usando como 
nivel de significación P<0.05. Los seis grupos de jugadoras mostraron características antropométricas 
muy similares (P>0.05). Solo la estatura, estatura sentada, circunferencia del muslo y los pliegues tríceps, 
abdominal, muslo, pierna media y suprailiaco presentaron diferencias estadísticamente significativas 
(P<0.05). Los estimados de estatura, estatura sentada y adiposidad corporal mostraron una tendencia 
estadísticamente positiva. Analizando el tipo de estabilización ocurrido, los resultados obtenidos indican 
que las características morfológicas de las voleibolistas se encuentran en la categoría de optimización 
morfológica, mientras que la estatura sigue aumentando indefinidamente.  

ABSTRACT 

Some authors suggest that the body composition of many athletes has evolved toward a more compact 
and competitive build as part of a process known as “sport morphological optimization”, whereby ath-
letes develop optimal characteristics for success. The present study had as objective to determine the size 
and direction of changes in anthropometric characteristics of female Cuban volleyball players from 1984-
1988 to 2004-2008 Olympic Cycles (OCs). Anthropometric measures were compared across six OCs 
among 72 female volleyball players who made the national selections from 1984 to 2008. Various an-
thropometric measurements were taken (body weight and height, sitting height, diameters, circumfer-
ences, widths and skinfolds) from this different anthropometric indices were calculated and body compo-
sition and somatotype components were estimated. Analysis of variance was used to compare means for 
different OCs, using P <0.05, as significance threshold. The six groups of volleyball players showed very 
similar measurements regarding anthropometric characteristics (P>0.05). Only height, sitting height, 
thigh girth and triceps, abdominal, thigh, medial calf and suprailiac skinfolds presented significantly 
different values (P<0.05). Height, setting height and body adiposity estimates showed statistically signifi-
cant positive trend. Regarding the type of stabilization that have occurred, it evident from the results in 
our study that the morphological characteristic of female volleyball players are in the category of “mor-
phological optimization”, whereas their body height is ״open-ended.״
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Introduction 

 During the 20th century a remarkable increase 
in body size has been observed in many sport activities 
(Norton & Olds, 2001; Olds, 2001; Lozovina et al. 
2012; Carvajal & Serviat, 2014). This has occurred as 
a consequence of the systematic selection procedure in 
success characteristics; and specialized adaptations to 
different sports and even different positions and roles 
within sports (Lozovina & Lozovina, 2008; Olds, 
2009). 

 According to Olds (2009) the sporting envi-
ronment is always changing, and teams and individuals 
who fail to adapt will not survive: “is a milieu where 
rewards are limited and subject to intense 
compet i t ion” . The resu l t i s a p rocess o f 
“optimization,” whereby athletes develop optimal cha-
racteristics for success, in the same way as animals 
become ideally adapted to their environments. The 
“final” body shape and composition in a given sport 
results from a phenomenon called “sport morphologi-
cal optimization” (Norton & Olds, 2001; Lozovina & 
Lozovina, 2008). 

 Norton & Olds (2001) distinguish three types of 
sport morphologic optimization: 1) Open-ended opti-
mization: when the success characteristic in the athlete 
group becomes more and more extreme in absolute 
terms (e.g., when athletes get bigger and bigger, or, 
more rarely, smaller and smaller), 2) Relative optimi-
zation: when the body size of the athlete group may 
differ from that of the source population, but changes 
over time in step with the source population (about 1 
cm·year−1), and 3) Absolute optimization: when the 
morphology of the athlete group does not change, des-
pite secular changes in the body size of the source po-
pulation. 

 Regarding physique and body composition 
(BC) a variety of publications may be of interest. Ac-
kland et al. (2003) found that the morphology of canoe 
paddlers evolved between 1975 and 2000 toward a 
more compact build. Cuk et al. (2007) showed that 
there was no difference in body height and weight of 
the gymnasts in 1933 and those in 2000, while there 
was a significant difference in the width of their 
shoulders and pelvis, the contemporary athletes were 

wider in their shoulders and narrower in their pelvis. 
Carvajal et al. (2008) found significant changes in 
weight, height and somatotype in a group of Cuban 
athletes that included volleyball  players, rhythmic 
gymnasts and artistic gymnasts between 1976 and 
2008; Lozovina et al. (2012) also found that the body 
structure of Croatian water polo players, changed as a 
result of morphological optimization between 1980 
and 2008, in terms of greater height and more elonga-
ted limbs, with thinner waist and broader shoulders; 
Sedeaud et al. (2014) found a secular increase in mass, 
height and body mass index (BMI) of the four major 
US sports players (Football, Basketball, Baseball and 
Hockey) following a multi-exponential function pat-
tern. 

 There are evidences to support that BC and 
physical structure in female volleyball players have 
changed according to differential selection for body 
size, sport morphological adaptation, more qualified 
international championship and changes within the 
game of volleyball (Carvajal et al. 2008; Carvajal & 
Serviat, 2014). 

 The specialized literature presents data addres-
sing aspects of the Cuban women’s volleyball team’s 
competitive success during the 1990s (Huang et al. 
2001; Huang & Zhong, 2003; Zhong-Mingbao, 2009). 
However, there is a dearth of more detailed reports that 
would serve as points of departure for future analysis. 
A search in the main databases (PubMed, Scopus, 
Scielo, Ebsco, Dialnet, RedALyC) for publications up 
to April 2016 did not yield any studies that followed 
up a competitive team for a long time and evaluated 
the morphological changes that occurred along the 
Olympic Cycles (OCs). 

 In addition, morphological evolution towards 
an increase in body size has been shown in many 
sports, but the knowledge is mainly based on measu-
rements of height , BMI (Saint Onge et al. 2008; Skar-
balius, 2009; Sands et al. 2012; Sedeaud et al. 2012; 
Sedeaud et al. 2013). 

 Little is known about morphological evolution 
in body composition, somatotype and proportionality 
(Olds, 2001; Carvajal et al. 2008; Petroski et al. 2013; 
Carvajal & Serviat, 2014). The present study has as 
objective to determine the size and direction of chan-
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ges in anthropometric characteristics of female Cuban 
volleyball players from 1984-1988 to 2004-2008 OCs. 

Methods 

Study type and sample 

 This descriptive study used data collected from 
the evaluations made in the Sports Medicine Institute 
of Havana, Cuba, in six OCs (Table 1). The study en-
rolled 72 female athletes of the Cuban elite volleyball 
team from 1984 to 2008 in the competitive period. The 
sample consisted of 92% Pan-American champions, 
75% Olympic medalists (including 50% Olympic 
champions), and 30% World champions. Of the athle-
tes, 40 were selected and evaluated more than once. 
Therefore, 108 evaluations were made along 24 years. 
The ethnic distribution of the sample was 87.0% Afri-
can (n= 63) and 13.0% mixed Caucasian with African 
(n= 9). Mean participant age was 22.2±3.9 years; mean 
athletic experience was 10.1±4.1 years. 

 The best results of the Cuban female volleyball 
players in the competitions that they participated bet-
ween 1984-2008 were: first place in the Pan-American 
Games of Indianapolis 1987, first place in the Olym-
pics Games of Barcelona 1992, Atlanta 1996 and Syd-
ney, and they were 3th and 4th in Athens 2004 and 
Beijing 2008, respectively. 

Inclusion criterion 

 Athletes who participated as a member of the 
national team in at least one FIVB official competition 

during the Olympic cycle in which they were active 
athletes. 

Ethical considerations 

 All athletes participating in the study provided 
written informed consent for data publication as a con-
tribution to quality improvement in medical supervi-
sion of training, talent selection, and teaching of ap-
plied sciences in sports. The study was approved by 
the ethics committee of Cuba’s Sports Medicine Insti-
tute. 

Data collection and equipment 

 Primary information source was the Cuban Vo-
lleyball Anthropological Project database, available 
through the Sports Medicine Institute’s kinanthropo-
metry department. Each subject was always tested in 
the morning. According to the recommendations of the 
International Society for the Advancement of Kinanth-
ropometry (ISAK, 2011) we took the following anth-
ropometric measurements: body mass, height, sitting 
height, biacromial breadth, biiliocristal breadth, biepi-
condylar humerus and biepicondylar femur breadth, 
arm relaxed girth, flexed arm girth, forearm girth, 
chest girth, mid-thigh, and calf girths, biceps skinfold, 
triceps skinfold, subscapular skinfold, abdominal skin-
fold, front thigh, medial calf and supraspinale skin-
folds. 

 Four experienced anthropometrists performed 
measurements. Equipment used included a scale accu-
rate to 0.1 kg (Detecto, USA); stadiometer accurate to 
0.1 mm (Holtain, UK); skinfold caliper (10 g/mm2) 
accurate to 0.1 mm (Holtain, UK); anthropometer and 
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Seoul 
1984-1988

Barcelona 
1989-1992

Atlanta 
1993-1996

Sydney 
1997-2000

Athens 
2001-2004

Beijing 
2005-2008

Centers 8 10 6 7 4 6

Spikers 7 6 9 7 8 9

Setters 3 4 4 4 5 4

Total 18 18 18 18 18 18

Table 1: Number of players in the sample by Olympic cycle (OC) of measurement and playing position
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sliding compass accurate to 1 mm (Holtain, UK) to 
determine bone diameters; and a metric tape accurate 
to 1 mm (Holtain, UK) for linear measurements. 

 The body fat percentage (BF %) was estimated 
according to the Withers et al. (1987) technique that 
have been recommended in many studies, including 
those on Olympic, world championship, and national 
or other level athletes (Alvero et al. 2009; Cabañas & 
Esparza, 2009; Gutierrez et al. 2010; Carvajal et al. 
2010; Canda, 2012). Fat Mass (FM) was also calcula-
ted. Fat-Free Mass (FFM) was calculated by subtrac-
ting the estimated Fat Mass from the total body mass. 

Anthropometric somatotype classification 

 The Heath–Carter anthropomorphic somatotype 
method was used to define body shape and composi-
tion in terms of endomorphy, mesomorphy and ecto-
morphy (Carter, 2002). Quantitative values derived 
were categorized on a scale defining values of 0 to 2.5 
as low, 3 to 5 as moderate, 5.5 to 7 as high, and above 
7 as very high. The greater value of one component 
over another served to define somatotype categories in 
each OC (Seoul, Barcelona, Atlanta, Sydney and Bei-
jing); values differing by less than 0.5 were considered 
insignificant and OC differing by that amount were 
deemed equivalent (Duquet & Carter, 2008). 

 SAM was determined using as a reference the 
average somatotype obtained for all female volleyball 
players in the study (n= 112) following the procedure 
established by Duquet & Hebbelinck (cited in Duquet 
& Carter, 2008) in which deviation of each individual 
somatotype with respect to mean group somatotype is 
determined, and the sum of individual deviations divi-
ded by the number of individuals in that OC. Magnitu-
de of somatotype deviation of each OC from that of 
the total volleyball player population was presented in 
a box and whisker graph. 

 With the average somatotype of each OC an x:y 
somatopoint was computed derived from the values for 
each component. Next, the somatopoint was placed in 
the somatochart, a diagram divided into 13 zones illus-
trating the distribution of each somatotype category 
with respect to relative dominance of one component 
over the others. Somatotype classification for each OC 

can be identified from the location of the somatopoint 
in this structure. The methodology used for this proce-
dure was described by Heath & Carter (Carter, 2002). 

Body Proportionality 

 The following ratios were used as proportiona-
lity indicators: Biacromial Breadth Index (BaBI) = 
biacromial breadth/height × 100 (%); Biiliocristal 
Breadth Index (BiBI) = biiliocristal breadth/height × 
100 (%); Body Mass Index (BMI) = body mass/height2 

(kg/m2); Height-Body Mass Ratio (HWR) = height/ 
body mass1/3 (cm/kg); Cormix Index (CI) = sitting 
height/height; Active Lean Mass Index(LMI) = FFM × 
1000 × 100/height3 (g/cm3).  

 Body Proportionality was also calculated as Z-
scores (Z) with the phantom stratagem (Ross & Mar-
fell-Jones, 1991). Z value=0.00 indicate that a particu-
lar score is proportionality the same as the phantom. 
Positive Z-value indicates that it is large and negative 
Z-value that it is smaller. 
  

Statistical Analysis 

 Mean (X) and standard deviation (SD) values 
were obtained for each variable measured in the study 
and expressed as X±SD. For each variable, a univaria-
te analysis of variance (ANOVA) was performed to 
verify the hypothesis of equal means between OCs 
after the premise of variance homogeneity was verified 
using Levene’s test. 
  
 The Brown-Forsythe mean comparison test was 
used to compare proportionality indexes when the 
equality of variance assumption was not met. Multiva-
riate analysis of variance (MANOVA) was performed 
using Wilks’ Lambda test to contrast the mean soma-
totype equality hypothesis between OCs, following the 
method proposed by Cressie et al. (1986) Bonferroni’s 
post-hoc test was used to determine the magnitude of 
significant difference between OCs for each variable. 

 NCSS-PASS-GESS and SPSS 22.0(IBM SPSS, 
2013) statistical packages for Windows were used for 
data processing. Significance levels for the statistical 
tests performed were set at P <0.05. Results were pre-
sented in Tables. 
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Results 

 Descriptive and comparative data on physical 
characteristics of female volleyball players are presen-
ted in Table 2 as mean values for each OC as well as 
the associated standard deviations. ANOVA results 
(Table 2) showed several aspects of physical characte-
ristics not significantly increased across OCs (P> 
0.05). 

 Players between OCs were not different (P> 
0.05) in body mass, breadths, arm relaxed, flexed arm, 
forearm, chest and calf girths, biceps and subscapular 
skinfolds. 

 Bonferroni’s post hoc test (Bonf.pht) revealed 
that the Beijing OC players (Be) were significantly 
taller than Seoul OC players (S); they also had higher 
sitting height, triceps, abdominal and thigh skinfolds. 
The Seoul OC players, on the other hand, had signifi-
cantly higher mid-thigh girth, supraespinale and me-
dial calf skinfold. Among the Barcelona (Ba), Atlanta 
(A), Sydney (Sy) and Athens (At) players were most 
similar (P> 0.05).  

 The mean values for BC, somatotype and body 
proportionality are shown in Table 3. Only BF %, FM 
and FFM % significantly differed. The mean BF % 
significantly increased (P< 0.05) while FFM remained 
statistically unchanged (P> 0.05). Bonferroni’s post 
hoc test revealed that the Beijing OC players had the 
lowest values of FFM %: they differed from the rest. 
The Beijing OC players have higher values of body fat 
(P< 0.05). 

 Players in Seoul, Barcelona and Atlanta OC 
presented a balanced mesomorph somatotype with the 
exception of the Athens, Sydney and Beijing OC pla-
yers, reflecting predominant musculoskeletal deve-
lopment with moderate values for all components. The 
volleyball players in Athens OC showed an average 
mesomorphic–ectomorphic somatotype and Sydney 
OC players showed an ectomesomorphy somatotype. 
Beijing OC players (2.9-3.0-3.3) showed an average 
central somatotype with moderate mean values for 
endomorphy, mesomorphy and ectomorphy. MANO-
VA results showed not significant differences between 
the vectors that make up the somatotypes of volleyball 

players for each OC (Wilk’s lambda= 0.260, F = 1.24, 
P= 0.26). 

 The somatotype chart (Figure 1) shows the lo-
cation of the somatopoints of the mean somatotype for 
each OC. As can be observed, all OC are located 
around the somatochart’s central zone, which coinci-
des with the distribution of individuals presenting a 
similar value for all three somatotype components. 
Beijing players were found closest to the center -which 
coincides with absolute zero of the somatochart- 
Seoul, Barcelona, Atlanta, Athens and Sydney players 
were more mesomorphic. 

 Figure 2 illustrates SAM’s descriptive characte-
ristics. It is noteworthy that Athens presented less va-
riation in SAM than players in other OCs and that At-
hens’ and Seoul’ SAM values were less than that of 
Barcelona, Atlanta, Sydney and Beijing. Wider disper-
sion was found for Atlanta and Beijing, represented in 
the figure by larger boxes. The widest range (between 
maximum and minimum values) was observed in Bar-
celona and Beijing, in that order. 

 Proportionality characteristics (Z) of Seoul, 
Barcelona, Atlanta, Sydney, Athens and Beijing OC 
players were presented in Table 4, while Figures 3 and 
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Figure 1: Somatochart of volleyball players showing  
Olympics cycle
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Variables Seoul Barcelona Atlanta Sydney Athens Beijing Sig. Bonf.pht

Body Mass (Kg) 72.5±6.3 74.5±7.7 73.4±6.7 73.2±6.0 72.3±6.8 75.4±6.7 0.61

Height (cm) 179.8±3.1 180.5±3.9 180.4±4.7 180.5±4.0 181.1±4.1 184.1±3.6 0.03 S vs Be

Sitting Height (cm) 89.1±3.0 89.2±3.8 90.1±3.1 90.3±2.9 90.4±3.0 92.9±2.7 0.03 S vs Be

Biepicondylar hu-
merus Breadth (cm) 6.9±0.2 6.9±0.2 6.8±0.3 6.8±0.4 6.8±0.3 6.7±0.3 0.69

Biepicondylar fe-
mur Breadth (cm) 9.8±0.3 9.6±0.4 9.6±0.4 9.7±0.4 9.7±0.4 9.7±0.5 0.64

Biacromial Breadth 
(cm) 39.2±1.6 40.0±0.6 39.8±1.0 39.6±1.2 39.5±1.2 39.7±1.3 0.62

Biiliocristal Breadth 
(cm) 27.6±1.3 27.0±1.0 27.4±1.5 27.5±1.5 27.5±1.4 27.5±1.3 0.97

Arm relaxed Girth 
(cm) 26.4±1.7 27.7±2.3 27.1±2.0 27.3±1.8 27.1±1.9 27.6±2.1 0.33

Flexed arm Girth 
(cm) 28.2±1.8 29.5±2.2 29.2±2.2 29.2±1.7 28.9±1.9 29.5±1.9 0.33

Forearm Girth (cm) 25.1±0.8 25.9±1.2 25.4±1.0 25.2±1.1 25.3±1.0 25.7±1.4 0.38

Chest Girth (cm) 86.8±9.3 90.3±3.7 89.7±4.5 89.2±3.7 89.1±3.9 90.5±4.4 0.12

Mid-thigh Girth 
(cm) 60.1±3.7 55.2±3.0 54.8±3.0 55.1±2.5 56.2±4.1 54.6±2.9 0.00 S vs 

Ba,A,Sy,Be

Calf Girth (cm) 36.5±1.7 36.0±1.6 36.5±1.7 36.4±1.8 36.4±1.9 36.2±2.8 0.98

Subescapular Skin-
fold (mm) 9.5±1.8 10.7±3.4 10.8±3.2 10.4±3.0 10.4±2.9 11.4±3.3 0.56

Triceps Skinfold 
(mm) 9.6±2.8 10.7±3.5 9.9±2.8 10.3±2.9 10.4±2.9 12.9±2.7 0.02 S,At vs Be

Biceps Skinfold 
(mm) 4.5±1.1 4.0±0.9 4.4±1.3 4.5±1.5 4.4±1.1 4.7±1.0 0.79

Abdominal Skin-
fold (mm) 10.6±5.1 11.8±2.8 12.3±4.6 12.6±4.8 12.8±5.2 18.9±5.1 0.00 Be vs R

Supraspinale Skin-
fold (mm) 10.2±5.3 6.0±2.0 6.2±1.7 5.8±1.8 7.1±3.1 7.2±2.0 0.00 S  vs 

Ba,A,Sy,At

Front thigh Skin-
fold (mm) 10.0±3.0 14.3±2.3 16.0±5.3 15.8±4.9 15.0±5.0 19.0±5.8 0.00 S vs A,Sy,Be

Medial Calf Skin-
fold (mm) 15.5±6.0 9.4±1.9 9.3±2.9 10.4±4.3 11.0±4.4 10.9±3.0 0.00 S vs R

Table 2: Absolute size characteristics (X±DS) of elite Cuban female volleyball players, and comparison groups (OCs)

 Sig <0.05: significant difference; R: Rest.
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4 display the proportionality differences between the 
OC players. With the exception of the mid-thigh girth, 
triceps, supraspinale, abdominal, front thigh and me-
dial calf skinfolds all OC players demonstrate simila-
rity in the pattern of proportionality(p>0.05). 

 Compared to the phantom, the volleyball pla-
yers were proportionally smaller (Z< 0.00) in sitting 
height, biiliocristal breadth, biepicondylar humerus 
breadth, biepicondylar femur breadth, girths and skin-
folds (with the exception of the Seoul OC players); 
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Figure 2: Somatotype attitudinal mean in Cuban women volleyball 
players by playing Olympic Cycle.

Figura 3: Phantom z-scores for body mass, breadths and girths for 
Cuban female volleyball players in Seoul(◊), Barcelona(□), 

Atlanta(∆), Sydney(x), Athens(٭) and Beijing (ο) Olympic Cycles.

Variables Seoul Barcelona Atlanta Sydney Athens Beijing Sig. Bonf.pht

BF% 17.9±2.5 17.0±1.6 17.1±2.7 17.2±2.7 18.2±2.2 19.5±2.0 0.01 S,A vs Be 

FM (Kg) 13.0±2.6 12.8±2.4 12.7±2.9 12.7±2.9 13.3±2.7 15.0±2.6 0.04 S vs Be

FFM (Kg) 59.5±4.4 61.7±5.5 60.7±4.7 60.5±4.6 50.0±4.4 61.4±4.6 0.95

FFM% 82.1±2.5 82.9±1.7 82.9±2.7 82.8±2.5 81.7±2.1 80.5±2.0 0.01 S,A vs Be

Endomorphy 2.8±0.9 2.6±0.8 2.6±0.7 2.6±0.7 2.4±0.5 2.9±0.6 0.30

Mesomorphy 3.5±0.6 3.5±0.9 3.5±0.8 3.5±0.8 3.3±0.8 3.0±0.92 0.33

Ectomorphy 3.0±0.7 2.9±0.9 3.0±1.0 3.0±0.8 3.2±0.7 3.3±0.8 0.91

LMI (g/cm3) 1.02±0.05 1.04±0.08 1.03±0.09 1.02±0.08 0.99±0.05 0.98±0.06 0.31

HWR (cm/kg) 43.2±0.9 43.0±1.2 43.2±1.4 43.2±1.2 43.6±0.9 23.4±1.0 0.8

BMI (Kg/m2) 22.4±1.6 22.8±2.0 22.5±2.0 22.5±1.8 22.0±1.5 22.5±1.6 0.98

CI (%) 49.8±1.1 49.6±1.3 50.0±1.1 50.0±1.0 49.9±0.9 50.5±0.9 0.45

BaBI (%) 21.8±0.7 22.1±0.1 22.0±0.5 21.9±0.7 21.7±0.6 21.6±0.7 0.48

BiBI (%) 15.3±0.7 14.9±0.5 15.1±0.8 15.2±0.8 15.2±0.7 15.0±0.7 0.76

Table 3: Body composition, Somatotype and Body Proportionality (X±DS) of elite Cuban female volleyball players, and 
comparison groups (OCs)

 Sig <0.05: significant difference; R: Rest.



Morphological changes of elite volleyball players

larger (Z> 0.00) in body mass and biacromial breadth. 
Seoul OC players were proportionally different (P< 
0.05) from rest, in terms of mid thigh girth and 3 of the 
7 skinfolds. The Seoul OC players were proportionally 
smaller in front thigh skinfold and they were propor-
tionally larger in mid-thigh girth, supraspinale and 
medial calf skinfold. Beijing OC players tended to 
have significantly higher Z-scores for triceps, abdomi-
nal and front thigh skinfolds (P< 0.05).  

Discussion 

 There is a current hypothesis that suggests that 
ideal athletic type proposed over a century ago is being 
replaced by radically different, highly specialized and 
increasingly divergent body types, which is associated 
with increases in weight, height, muscle mass and ot-
her physical dimensions over time (Olds, 2001; Norton 
& Olds, 2001; Carvajal, 2013; Sedeaud, 2013). 

 Our study showed that the players did not 
change in almost all anthropometric measures, soma-
totype and indices except height, sitting height and 
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Seoul Barcelona Atlanta Sydney Athens Beijing Sig. Bonf.pht

Z Body Mass 0.5 0.7 0.5 0.5 0.4 0.7 0.81

Z Sitting Height -1.2 -1.2 -1.0 -1.1 -1.1 -0.9 0.46

Z Biacromial Breadth 1.6 1.8 1.7 1.7 1.5 1.4 0.49

Z Biiliocristal Breadth -1.6 -2.0 -1.8 -1.7 -1.7 -1.9 0.76

Z Biepicondylar Humerus Breadth 0.1 0.1 -0.1 -0.1 -0.2 -0.7 0.06

Z Biepicondylar Femur Breadth -0.5 -1.0 -1.0 -0.8 -0.9 -1.1 0.18

Z Chest Girths -1.1 -0.5 -0.6 -0.7 -0.9 -0.8 0.32

Z Mid-Thigh Girth 1.5 0.1 0.0 0.1 0.6 -0.4 0.00 S vs 
Ba,A,Sy,Be

Z Arm Relaxed Girth -0.8 -0.3 -0.6 -0.5 -0.8 -0.6 0.49

Z Flexed Arm Girth -1.1 -0.7 -0.8 -0.8 -1.1 -0.9 0.49

Z Forearm Girth -1.0 -0.5 -0.8 -0.9 -1.0 -1.0 0.62

Z Calf Girth -0.3 -0.6 -0.4 -0.4 -0.4 -0.8 0.63

Z Biceps Skinfold -1.9 -2.1 -1.9 -1.9 -1.9 -1.8 0.84

Z Triceps Skinfold -1.4 -1.2 -1.4 -1.3 -1.4 -0.8 0.04 At vs Be

Z Subscapular Skinfold -1.6 -1.4 -1.4 -1.5 -1.6 -1.3 0.63

Z Supraspinale Skinfold -1.3 -2.2 -2.1 -2.2 -2.0 -1.9 0.00 S vs Ba ,A, 
At, Sy

Z Abdominal Skinfold -2.0 -1.8 -1.8 -1.7 -1.9 -1.0 0.00 Be vs R

Z Front Thigh Skinfold -2.1 -1.6 -1.4 -1.5 -1.6 -1.1 0.00 S vs  A,  Sy, 
Be

Z Medial Calf Skinfold -0.3 -1.5 -1.5 -1.3 -1.4 -1.3 0.00 S vs R

Table 4: Relative size characteristics calculated from Phantom Z-scores of elite Cuban female volleyball players, and comparison groups (OCs).

Sig <0.05: significant difference; S: Seoul, Ba: Barcelona, A: Atlanta, At: Athens; Sy: Sydney, Be: Beijing, R: Rest.
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adiposity (skinfolds and BF %). This morphological 
stability between Olympic generations may be explai-
ned by not stronger selective pressures, morphological 
adaptation, similarity of the groups in basic training 
techniques, higher level performance, higher longevity 
of elite Cuban female volleyball players, etc.  

 Cuban female volleyball players have been 
among the elite volleyball for almost three decades and 
the selective pressures have not played a very impor-
tant role in artificial selection because the physical 
characteristics offered competitive advantages over 
time. Profile of female volleyball players included 
great height (179-184 cm), muscular power, jumping 
ability, velocity, coordination, balanced mesomorph or 
ectomesomorphy somatotype (Huang et al. 2001; 
Huang & Zhong, 2003; Zhong-Mingbao, 2009; Carva-
jal & Serviat, 2014). 

 After Athens OC there was a massive genera-
tional change, body height and sitting height means of 
the volleyball players were significantly taller than 24 
years ago. These differences were in harmony with the 
morphological evolution within a sport (Olds, 2009); 
however, the increased relative body fat and skinfolds 
(triceps, abdominal and thigh skinfolds) content cannot 
be evaluated as a favorable consequence of the trend. 
The greater body fat content and the lower performan-
ce in the international tournaments, in the last decade, 
do not predict towards the favorable performance of 
our next generation. 

 Although we found significant differences in 
body fat (BF %) between Beijing and Seoul (1.6%), 
Beijing and Barcelona (2.5%), Beijing and Atlanta 
(2.4%), differences of this magnitude unchanged dras-
tically. Our results do not provide strong support for 
the conclusion that there are differences in body fat. 

 The importance of tall body height is well 
known. Volleyball players are expected to have this 
anthropometric characteristic along with physical traits 
and skill required for a high level of performance 
(Gualdi-Russo & Zaccagni, 2001; Carvajal & Serviat, 
2014). The height over the net is a decisive factor for 
volleyball games, determined by the athletes’ height 
and jumping height, and shown in blocking height and 
spiking height. All these bring forward the demand for 
specific physique of volleyball athletes (Zhang, 2010). 

 In this study, the Cuban players (179.8-184.1 
cm) were on average not among the tallest in the 
world, but more similar to players from dominant 
countries at similar competitive level, such as Brazil 
(182.0±6.7 cm) and Italy (181.9±7.3 cm) (FIVB, 
2010). Average body weight in this study coincides 
with the range reported in the sports medicine and re-
lated literature for elite female volleyball players, at 70 
to 74 kg (Gualdi-Russo & Zaccagni, 2001; FIVB, 
2004; FIVB, 2010). 

 Athletes are often getting bigger at a faster rate 
than that predicted by the secular trend alone. This is 
particularly true in sports which are ‘open-ended’, that 
is, the bigger the player the better (Olds, 2009). In this 
study, the rate of increase in height for all volleyball 
players was over 2 times the secular trend (2.3 cm/
decade). 

 The change in height in this study coincides 
with the rate of increase in height reported in the sports 
medicine and related literature for elite female volley-
ball players, at 1.8-2.8 cm/decade (Olds, 2001; Carva-
jal & Serviat, 2014). For example, Olds (2001) repor-
ted that the mean height of female volleyball players 
had increased by 2.8 cm/decade, about three times the 
rate of increase in the source population. Carvajal and 
Serviat (2014) reported 2.2 cm/decade, about two ti-
mes the rate of increase in the Cuban population. 
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Figure 4: Phantom z-scores for skinfolds for Cuban female volleyball 
players in Seoul(◊), Barcelona(□), Atlanta(∆), Sydney(x), Athens(٭) 

and Beijing (ο) Olympic Cycles.



Morphological changes of elite volleyball players

 Cuban female players presented a lower avera-
ge endomorphic value -i.e. were leaner- than all other 
female volleyball players in high level competition 
were. The Cubans’ average mesomorphic value (relati-
ve musculoskeletal development) was greater than that 
of players from China (Zhang, 2010) United States, 
(Carter, 1990) Italy (Gualdi-Russo & Zaccagni, 2001) 
and Greece (Malousaris et al. 2008). 

 Carter (1990) and Gualdi-Russo and Zaccagni 
(2001) obtained a mean somatotype with similar mag-
nitudes of the three components (central somatotype) 
for volleyball players on the US team (3.1–3.4–3.2) 
and for Italian first-division volleyball players (3.0–
3.3–2.9), respectively. Vivolo et al. (1986) obtained a 
somatotype in which endomorphy and mesomorphy 
were equally dominant in volleyball players in the 
Japanese team (3.4–3.7–2.9). Malousaris et al. (2008) 
determined Greek first-division volleyball players 
(3.4–2.7–2.9) had a mean somatotype that was predo-
minantly endomorphic, with an equilibrium between 
mesomorphy and ectomorphy. Canda (cited in Espar-
za, 1993) obtained a somatotype in which endomorphy 
and ectomorphy were equally dominant in volleyball 
players in the Spanish team (3.3–2.7–3.3). A study 
with 100 female volleyball players of the China adult 
team found a mean endomorph-ectomorph somatotype 
(3.7-2.9-4.0) (Zhang, 2010). 

 Differences showed in the somatotype attitudi-
nal mean of Cuban women volleyball players were 
irrelevant over time. This somatotypical stability bet-
ween Olympic generations may be explained by “sport 
morphological optimization”, whereby volleyball pla-
yers developed the optimal somatotype for success. 

 Elite female volleyball players have been under 
pressures from intensive training and selection proce-
dures over a number of OCs. Similar values of BaBI 
(21.6-22.1%), BiBI (14.9-15.3%), BMI (22.0-22.8Kg/
m2), CI (49.8-50.5%), HWR (43.0-43.6) and LMI 
(0.98-1.02g/cm3) of these female volleyball players 
over time indicate the sport morphological optimiza-
tion/adaptation. On the other hand, values for BaBI 
(21.1%), BiBI (16.2%), CI (52.1%) and BMI 
(19.95Kg/m2) found for female first-division China 
players [25] were different from those observed in this 
study. Cubans’ lower CI, BiBI and greater BaBI and 

BMI compared to the China could be due to ethnical 
reasons (Zhang, 2010) 

 The benchmark study by Tanner of the physi-
que of the Olympic athlete was one of the first to do-
cument the anthropometric differences between ethni-
cal groups (Tanner, 1964). It was later reported that 
Negro athletes had longer arms and legs (relative to 
height), narrower hips and more slender calves than 
white athletes competing in the same event did. Asian 
in contrast to Negroes had short legs relative to their 
trunks.  

 Regarding the type of stabilization that has oc-
curred, it is evident from the results in our study that 
the morphological characteristics (absolute and relati-
ve size, somatotype and body composition) of female 
volleyball players are in the category of “sports morp-
hological optimization”, whereas their body height is 
in “open upper end optimization”.  

 Given the paucity of studies on Olympic cham-
pion volleyball players, and considering the Cuban 
women’s volleyball team’s record of achievement bet-
ween 1988 and 2008, the current study provides multi-
ple anthropometric references to serve as a starting 
point for new studies on the subject. 

 A limiting factor in our study was that the athle-
tes were not classified according to their playing posi-
tion, although studies in the literature indicate that 
body height varies according to the player’s position 
(Olds, 2001; Olds, 2009; Carvajal et al. 2009; Sedeaud 
et al. 2014). 

Conclusion 

 Secular trend and morphological optimization 
process, together, are essentials for the identification of 
athletes and non athletes changes in physical structure 
and performance over the time, but it is evident from 
the results in our study that almost all anthropometric 
measures, body composition, somatotype and indices 
are in the category of absolute sports morphological 
optimization (adaptation), whereas their height and 
sitting height are in open upper end optimization. 
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