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INTRODUCTION
Kinanthropometry—the study of body composition, somatotype 
and proportionality—has become a key tool for athletic training 
and talent selection.[1,2] Together, these three characteristics de-
scribe an individual’s morphological profile, which serves as a ba-
sis for planning and monitoring athletic training. Although sports 
performance depends on multiple factors, and winning requires 
much more than an individual player’s build and physical fitness, 
the anthropometric characteristics of the most successful athletes 
may also serve as guides for talent selection.[3,4]

Body composition refers to the characterization of body weight in 
terms of absolute and relative amounts of fat mass and fat-free 
mass. Measurement and evaluation of these characteristics is a 
vital aspect of health, nutritional status and physical fitness as-
sessment.[5,6] Somatotype is a classification of the human body 
according to three essential elements: endomorphy, or relative 
adiposity; mesomorphy, relative musculoskeletal development; 
and ectomorphy, relative human linearity.[7] Human proportional-
ity describes the relationship between different body dimensions 
and stature. This is a very important consideration for anyone 
wishing to practice sports, since this relationship is associated 
with a person’s physical ability to meet the biomechanical de-
mands of a particular sport or playing position within a given 
sport. Athletic ability and performance, as well as aptitude for a 
particular sport, depend greatly on proportionality.[8]

The ideal build of athletes in different sports and within the same 
sport have been described,[9-12] but little has appeared about 
the physical characteristics of high-performance baseball players. 
Most studies of baseball players refer to biomechanics, trauma-
tology, and pitch velocity.[13-18] A few authors have suggested 
that morphofunctional differences among baseball players cor-
respond to their performance role, since defensive actions—such 
as catching, fielding and throwing the ball—require different lev-
els of strength, power, swiftness, balance, coordination, running 
speed, arm and leg movement speed, local muscle tolerance and 
cardiorespiratory tolerance than offensive actions—such as bat-
ting and base running.[19,20]

In Cuba, a pioneering study by Tejedor et al. described the 
morphological profile of players who participated in the 1986–
1987 National Baseball Series and reported differences in 
somatotype and proportionality among players in different po-
sitions.[21] In 1986, Rodríguez et al. also published data on 
body composition, somatotype and proportionality of Cuban 
baseball players.[22]

Cuban baseball players have been among the elite of amateur 
baseball for almost fifty years, with three Olympic gold medals 
(Barcelona 1992, Atlanta 1996 and Athens 2004) and the 2006 
World Baseball Classic sub-championship among their achieve-
ments. They have also won 27 World Amateur Baseball Champi-
onships, 25 World Cups, 10 Inter-Continental Cups and 12 Pan 
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Introduction Appropriate stature and adequate somatotype are not the 
only attributes determining athletic performance, but they are important 
prerequisites for sports participation and success. However, there is 
scant literature on baseball players’ kinanthropometric profiles and their 
association with performance. Given that Cuban baseball players have 
been among the world’s top performers in recent decades, character-
ization of their morphological features linked to their performance may 
contribute to developing the evidence base in this area.

Objective Describe the kinanthropometric profile related to sports per-
formance of elite Cuban baseball players, classified by playing position. 

Methods Body composition, somatotype, proportionality, and perfor-
mance were measured in 100 elite baseball players grouped by playing 
position and performance. Data from the 2002–2003 baseball season 
was gathered for players participating in the 43rd Cuban National Base-
ball Series (November 2003–May 2004). Slugging percentage (SLG) 
was used to measure performance of all players except pitchers, whose 
performance was measured as end-of-season win-loss record. Mean 
and standard deviation values were calculated for anthropometric and 
performance results, presented in tables for comparison. ANOVA and 
MANOVA analyses were applied to determine magnitudes of difference 
between the variables studied, as well as statistical significance of the 
differences established (p≤0.05 and p≤0.01).

Results Performance and body type varied by playing position, and 
statistically significant differences were found in performance, body 

composition and somatotype variables between some positions. No 
significant differences in proportionality were found. First basemen 
and outfielders (center, left, and right fielders) were the best offensive 
players with the highest mean SLG, body weight and muscle mass 
values. Infielders (second basemen, shortstops, and third basemen) 
had the lowest mean body weight and adipose tissue mass values, 
as well as the lowest mean SLG. Catchers had similar mean weight, 
height, muscle mass, and adipose tissue mass values as first base-
men, outfielders and infielders, but a low mean SLG similar to that 
of infielders. Pitchers were morphologically similar to players in all 
positions, but significant morphological differences were found among 
pitchers with different performance levels. Better-performing pitchers 
(≥.600 winning percentage (Wpct)) were significantly heavier and 
more mesomorphic than lower-performing pitchers (<.600 Wpct). All 
players were predominantly mesoendomorphic, but mean somato-
type values varied between players in different positions, and be-
tween pitchers with different performance levels.

Conclusions The kinanthropometric profile of high-performance 
baseball players described in this study generally coincides with 
the available literature. Further research on comparative samples is 
needed to validate the relationship between players’ body type and 
performance. Nevertheless, the results of this study may be applied 
to criteria for selection and training of high-performance baseball play-
ers in Cuba.
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American Games.[23] Considering this high performance record, 
and given the scarcity of literature on the physical characteristics 
of elite baseball players, details of Cuban players’ morphology 
linked to their sports performance may contribute to developing 
the evidence base in this area.

This study was conducted to describe the morphological profile of 
elite Cuban baseball players by playing position, and to determine 
association between mean body type and sports performance 
variables for each playing position.

METHODS 
Study type and sample A retrospective descriptive study was 
carried out February 2004 through July 2005. One hundred Cu-
ban baseball players who participated in the 43rd Cuban National 
Baseball Series (November 2003–May 2004) were selected, rep-
resenting the following positions: 20 first basemen (1B), 7 second 
basemen (2B), 7 third basemen (3B), 6 shortstops (SS), 6 cen-
ter fielders (CF), 14 left and right fielders (LF and RF), 20 catch-
ers (C) and 20 pitchers (P). Mean age was 28.56±5.2 years with 
16.45±5.3 years playing baseball.

Written informed consent was obtained from all athletes partici-
pating in the study, and the study was approved by the Ethics 
Committee of the Cuban Sports Medicine Institute.

Performance statistics for each player were gathered from the 
2002–2003 season Official Cuban Baseball Guidebook,[24] and 
anthropometric measurements of all players in the sample were 
taken during the last three months of the 43rd series (February–
April 2004). These data were entered in a database created for 
the study and subsequently analyzed.

Inclusion criteria All active players in the 43rd Cuban National 
Baseball Series who had participated in at least 10 National Base-
ball Series and been at bat at least 1,500 times were included in 
the study sample. In the case of pitchers, priority was given to 
those who had pitched at least 1,000 innings.[24]

Classification of players by performance role Players were 
grouped in five categories according to their roles in the field: 
infielders (IF), including 2B, SS and 3B; outfielders (OF), in-
cluding CF, RF and LF; catchers (C); first basemen (1B); and 
pitchers (P). 

Classification of pitchers by performance level Given that 
pitching performance cannot be compared to performance in 
the other positions, and because defense statistics are different, 
pitchers were divided into two groups based on winning percent-
age (WPct), calculated by dividing number of games won by total 
number of games won and lost in the 2002–2003 season, as re-
corded in the Official Cuban Baseball Guidebook.[24] 

Pitchers with <.600 WPct were included in Group PL1, represent-
ing lower performance, and those with ≥.600 WPct became Group 
PL2, representing higher performance. This classification resulted 
in 10 pitchers in each category.

Body composition measurement The Ross and Kerr Body 
Mass Fractionation protocol[25] was followed, which includes the 
following parameters: adipose tissue mass (ATM), muscle mass 
(MM), bone mass (BM), residual mass (RM), and skin mass (SM). 

Body weight and mass were measured in kilograms (kg), and 
height in centimeters (cm). 

Anthropometric somatotype classification The Heath-Carter 
method was used to measure body shape and composition in 
terms of endomorphy (relative adiposity or fatness), mesomorphy 
(relative musculoskeletal development or robustness) and ecto-
morphy (relative linearity or slenderness).[7] Using this method, 
anthropometric measurements are converted to a rating from 0 
to >7; ratings of 0–2.5 are considered low, 3–5 moderate, 5.5–7 
high, and >7.5 very high.

Body Proportionality The following ratios were used as propor-
tionality indicators: 

Relative biacromial breadth (RBAB) = biacromial breadth x 100 / height
Relative biiliocristal breadth (RBCB) = biiliocristal breadth x 100 / height
Relative wrist breadth (RWB) = wrist breadth x 100 / height 
Relative upper arm length (RUAL) = upper arm Length x 100 / height
Relative arm length (RAL) = arm length x 100 / height
Relative lower leg length (RLLL) = lower leg length x 100 / height 
Relative leg length (RLL) = leg length x 100 / height

All measurements were made in centimeters (cm) following the 
standards recommended by the International Society for the Ad-
vancement of Kinanthropometry (ISAK).[26]

Performance terminology used in data collection and analysis

GW: Number of games won by a pitcher in one season.

Wpct (winning percentage): Ratio of games won to total games 
won and lost by a pitcher in one season. This indicator is synony-
mous with pitcher efficiency. Pitchers’ 2002–2003 end-of-season 
Wpct was obtained for this study.

SLG (slugging percentage): Total number of bases run per hit 
by a batter, divided by his official number of times at bat in one 
season. This indicator is synonymous with batter efficiency. Each 
batter’s 2002–2003 end-of-season SLG was obtained. 

Statistical Analysis Mean (X) and standard deviation (SD) val-
ues were obtained for each variable measured in the study and 
expressed as X±SD. For each variable, a univariate analysis of 
variance (ANOVA) was performed to verify the hypothesis of equal 
means between playing positions after the premise of variance ho-
mogeneity 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. Multivariate analysis of variance (MANOVA) was 
performed using Wilks’ Lambda test to contrast the mean somato-
type equality hypothesis between positions, following the method 
proposed by Cressie et al.[27] Tukey’s post-hoc test was used to 
determine the magnitude of significant difference between playing 
positions for each variable. 

Student’s t-test was applied to compare the two groups of pitch-
ers with different performance levels. NCSS-PASS-GESS and 
SPSS 11.5 statistical packages for Windows were used for data 
processing. Significance levels for the statistical tests performed 
were set at p≤0.05 and p≤0.01. Results were presented in tables.
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RESULTS
Performance, body composition and proportionality of 
elite Cuban baseball players Mean values in Table 1 show 
that first basemen were the tallest and heaviest players with 
the largest muscle and bone mass, and had the highest slug-
ging percentages. At the opposite end of the spectrum, infield-
ers (2B, 3B and SS) were lighter and leaner than other players, 
with the lowest SLG values and slightly larger muscle mass 
than pitchers, whose muscle mass was the smallest. Outfield-
ers and catchers had the lowest bone mass value, while catch-
ers had the highest mean fat mass value, followed by outfield-
ers. Proportionality values were statistically similar across all 
playing positions.

Statistical analysis found highly significant differences (p≤0.01) in 
mean weight, height, SLG, bone mass, muscle mass and residual 
mass between some playing positions. No significant differences 
were found for the other variables (Table 2). 

Tukey’s post hoc test revealed that first basemen and catchers 
were significantly heavier than infielders; first basemen and pitch-
ers were significantly taller than outfielders; and first basemen and 
outfielders had significantly higher SLG values than catchers and 
infielders. Infielders, on the other hand, had significantly smaller 
muscle and fat mass than outfielders and first basemen; signifi-
cantly smaller bone mass than pitchers and first basemen; and sig-
nificantly smaller residual mass than catchers, outfielders and first 
basemen. Pitchers also had significantly smaller bone mass than 
first basemen.

Somatotype Players in all positions presented a mesoendomor-
phic somatotype, reflecting predominant musculoskeletal devel-
opment and greater adiposity than leanness. Infielders were the 
most ectomorphic, followed by pitchers (Table 3).

MANOVA results showed significant 
differences between the vectors that 
make up the somatotypes for each 
position. ANOVA results (F Test) 
showed that each somatotype compo-
nent contributed significantly to differ-
ences between vectors. Tukey’s post 
hoc test revealed that catchers were 
significantly more endomorphic than 
infielders and outfielders, catchers 
and infielders were significantly more 
mesomorphic than pitchers, and in-
fielders and pitchers were significantly 
more ectomorphic than catchers and 
outfielders (Table 4).

Morphological comparison of pitch-
ers with different performance lev-
els Table 5 shows the mean values 
of the variables for the two groups of 
Pitchers studied: PL1 (lower perfor-
mance) and PL2 (higher performance). 
All values except ectomorphy and 
relative leg length (RLL) were higher 
in the PL2 group, and significant dif-
ferences were found in games won, 
body weight, bone mass and residual 

mass values. The mean somatotype of pitchers in both groups 
was mesoendomorphic, although the PL2 group was significantly 
more mesomorphic than the PL1 group. No significant differences 
were found for the remaining variables.

Table 2: Morphological and Performance Variables of Elite Cuban 
Baseball Players by Playing Position

Variable ANOVA    p Tukey’s post hoc test
Weight (kg) 0.00* 1B, C vs IF
Height (cm) 0.00* 1B, P vs OF
SLG 0.00* 1B, OF vs IF, C
Muscle Mass (kg) 0.00* IF vs 1B, OF
Adipose Tissue Mass (kg) 0.00* IF vs 1B, OF
Bone Mass (kg) 0.00* IF vs P, 1B; P vs 1B
Residual Mass (kg) 0.00* IF vs C, OF, 1B
Skin Mass (kg) ns -
RBAB ns -
RBCB ns -
RWB ns -
RUAL ns -
RAL ns -
RLLL ns -
RLL ns -
 
* p≤0.01, highly significant    ns: not significant
1B: First basemen; IF: Infielders; OF: Outfielders; C: Catchers; P: Pitchers; SLG: 
slugging percentage; RBAB: Relative biacromial breadth; RBCB: Relative biiliocris-
tal breadth; RWB: Relative wrist breadth; RUAL: Relative upper limb length; RAL: 
Relative arm length; RLLL: Relative lower limb length; RLL: Relative leg length. 

Table 3: Somatotype of Elite Cuban Baseball Players by Playing 
Position (Mean and Standard Deviation)
Position Endomorphy Mesomorphy Ectomorphy
First Base (1B) 3.38±0.41 6.83±0.42 0.60±0.39
Infield (IF) 2.86±0.24 5.91±0.24 1.54±0.23
Catcher (C) 4.08±0.31 6.84±0.21 0.32±0.29
Outfield (OF) 2.96±1.31 6.66±0.23 0.66±1.07
Pitcher (P) 3.26±0.16 5.66±0.17 1.47±1.16

Table 1: Morphological and Performance Variables of Elite Cuban Baseball Players by Playing 
Position (Mean and Standard Deviation)
Variable First Basemen 

(1B)
Infielders (IF)

(2B,3B,SS)
Catchers

(C)
Outfielders (OF)

(CF,RF,LF)
Pitchers

(P)
Weight (kg) 98.3±5.76 82.7±5.22 90.16±5.62 88.3±5.13 87.6±4.57

Height (cm) 183.7±4.85 179.0±4.09 179.2±4.40 177.1±4.04 181.5±4.76

SLG 0.494±0.05 0.421±0.07 0.424±0.07 0.467±0.07 -

Muscle Mass (kg) 48.41±5.01 41.31±2.60 44.80±3.02 45.60±3.8 40.67±4.65

Adipose Tissue Mass (kg) 22.93±4.21 17.01±6.67 25.04±2.00 23.06±5.01 20.77±5.01

Bone Mass (kg) 11.00±3.30 8.9±2.32 8.00±1.06 7.92±2.00 10.00±1.19

Residual Mass (kg) 11.50±1.02 11.34±1.92 11.7±1.90 12.6±1.80 11.2±1.17

Skin Mass (kg) 8.00±1.60 8.12±0.30 8.20±0.19 8.09±0.15 8.31±0.28

RBAB 26.0±6.88 22.95±1.20 23.81±0.80 23.15±0.89 23.32±0.95

RBCB 20.70±0.80 15.61±0.37 15.70±0.71 15.46±1.00 15.63±0.77

RWB 4.60±1.61 4.02±0.15 4.13±0.21 4.19±0.23 4.03±0.20

RUAL 18.07±0.43 19.21±0.61 17.52±2.22 18.36±0.50 18.60±0.58

RAL 15.50±0.31 15.52±0.57 15.36±0.68 15.22±0.88 15.26±0.65

RLLL 24.82±1.00 25.00±0.69 25.09±1.11 24.97±1.00 24.73±1.00

RLL 24.67±0.62 24.00±0.40 23.92±0.20 24.57±1.36 24.89±1.14
 
SLG: slugging percentage; RBAB: Relative biacromial breadth; RBCB: Relative biiliocristal breadth; RWB: Relative wrist 
breadth; RUAL: Relative upper limb length; RAL: Relative arm length; RLLL: Relative lower limb length; RLL: Relative 
leg length.
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DISCUSSION 
Several studies have demonstrated differences in the physical 
build of athletes playing different sports and different posi-
tions within the same sport, as well as differences between 
male and female athletes playing the same sport and the 
same position.[4,28,29] 

Various authors have observed that certain morphological 
types are more suited to the biomechanical and tactical de-
mands of each playing position in team sports.[2,21,28,30] 
Gualdi and Russo suggested that anthropometric differences 
among players respond to the tactical demands of each posi-
tion,[28] and Fleck showed that athletes playing roles for which 
absolute body height is a decisive competitive edge have 
greater musculoskeletal development, whereas athletes whose 
performance depends on speed weigh less and have a lower 
percentage of body fat.[31] 

Other authors have also observed that body fat is inversely pro-
portional to performance in sports or playing positions requiring 
swift movement.[32,33]

The impact of residual mass and bone mass on performance has 
not been defined in the literature, but Janssen et al. found that 
height and body weight explain about half of the variations in mus-
culoskeletal tissue and therefore concluded that taller and heavier 
individuals generally have longer bones and muscles, and there-
fore a larger build.[34] 

Results of this study coincide with all of these findings, as well as 
the mesoendomorphic somatotype of baseball players in general 
and the endomorphic, mesomorphic and ectomorphic variations 
between players in different playing positions described by other 
authors.[20-22,30]

First basemen and outfielders frequently play a greater offensive 
role in the batting lineup.[30,32] This study found that these play-
ers not only had higher SLG values than players in other positions 
but that their morphology—larger muscle mass and predominant 
mesomorphy—was also consistent with greater offensive power, 
although these values were not significantly higher than those of 
other players.
 
On the other hand, infielders and catchers—positions defined as 
the most defensive by some authors[19,20,30]—had the lowest 
SLG values. Mean muscle mass values between these two posi-
tions were not significantly different, although the mean value for 
catchers was higher. Other authors have found that catchers are 
tall with large musculoskeletal development.[21,22,30] Results 
of this study coincided with this profile; catchers had the highest 
mesomorphic values, and their height was not significantly differ-
ent from that of first basemen, who were the tallest players in the 
sample. Infielders had the lowest weight and adipose tissue mass 
values, which coincide with the need for speed and agility in these 
positions.[20,30,32]

Winning pitchers are often distinguished by their strength, fitness, 
coordination, wits and adequate tactical thinking.[14,16,32] In one 
study, Guillén obtained highly significant correlations between 
pitchers’ throwing speed and some anthropometric variables, 
including body weight, height, mesomorphy and muscle mass, 
suggesting that these variables influence pitchers’ performance.
[35] The present study makes the same correlation with pitching 
performance measured as total end-of-season games won. Fur-
ther research applying statistical or regression methods is rec-
ommended to determine the contribution of each anthropometric 
variable to pitchers’ success. 

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 secular acceleration, which is associated 
with increases in weight, height, muscle mass and other physi-
cal dimensions over time.[12,36-38] Ackland et al found that the 
morphology of canoe paddlers evolved between 1975 and 2000 
toward a more compact build.[11] Lozovina and Pavicic also found 
that the body structure of Croatian water polo players changed 
as a result of secular acceleration between 1980 and 1995.[36] 
Kraemer et al showed increases in the body mass of US National 
League football players since 1970,[37] and Carvajal et al. also 

Table 4: Mean Somatotypes and Somatotype Components among 
Elite Cuban Baseball Players by Playing Position 

Analysis Somatotype Value p Tukey’s post hoc test

MANOVA Mean somatotype 0.67 0.00* -

ANOVA Endomorphy 0.66 0.02† C vs IF, OF

ANOVA Mesomorphy 0.72 0.00* C, IF vs P

ANOVA Ectomorphy 8.88 0.00* IF, P vs C, OF
 
*p≤0.01 †p ≤0.05. 
1B: First basemen; IF: Infielders (2B,3B,SS); OF: Outfielders (CF,RF,LF); C: 
Catchers; P: Pitchers. 

Table 5: Morphology and Performance of Elite Cuban Baseball 
Pitchers, by Performance Level

Variable PL1 PL2 p

GW 8.82±0.59 10.51±0.24 0.00*

Weight (kg) 84.45±4.02 93.72±4.04 0.00*

Height (cm) 180.45±4.92 182.37±3.98 0.24

Muscle Mass (kg) 41.25±5.85 44.94±2.63 0.08

Adipose Tissue Mass (kg) 21.35±5.19 24.02±4.26 0.22

Bone Mass (kg) 9.67±1.12 10.80±1.18 0.04†

Residual Mass (kg) 11.36±1.56 12.71±0.66 0.02†

Skin Tissue (kg) 8.25±0.37 8.35±0.37 0.55

Endomorphy 3.18±1.12 3.50±0.92 0.49

Mesomorphy 4.23±1.01 6.20±1.03 0.00*

Ectomorphy 1.67±0.98 1.08±1.00 0.19

RBAB 23.41±1.10 23.68±1.05 0.58

RBCB 15.47±0.72 16.02±0.82 0.12

RWB 4.01±0.29 4.17±0.19 0.16

RUAL 18.69±0.60 18.98±0.77 0.35

RAL 14.88±0.45 15.33±0.80 0.14

RLLL 24.19±1.04 25.04±1.12 0.09

RLL 25.60±1.21 25.41±1.36 0.74
 
*p≤0.01 †p≤0.05 . GW: number of games won per season; RBAB: Relative biac-
romial breadth; RBCB: Relative biiliocristal breadth; RWB: Relative wrist breadth; 
RUAL: Relative upper limb length; RAL: Relative arm length; RLLL: Relative lower 
limb length; RLL: Relative leg length.
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found significant changes in weight, height and somatotype in a 
group of Cuban athletes that included volleyball players, rhyth-
mic gymnasts and artistic gymnasts between 1976 and 2008.[38] 
Norton and Olds attribute secular change in athletes’ morphology 
to the morphofunctional demands of a particular sport, the use of 
specialized training methods, and new criteria for talent selection, 
among other aspects.[39]

There is some evidence of secular change in body composition, so-
matotype and the full range of anthropometric parameters in Cuban 
baseball players, possibly due to talent selection based on anthro-
pometric parameters, morphological adaptation, and higher quali-
fying scores in international tournaments, among other elements. 

In the last 20 years, the average height of elite Cuban baseball 
players has increased by about 3 cm, and their body weight has 
increased by 10–15 kg,[38] compared to measurements reported 
by Tejedor et al and Rodríguez et al. in the late 1980s.[21,22] 

In a study of Venezuelan, Cuban and Puerto Rican baseball play-
ers who participated in tournaments in the 1990s, García reported 
mesomorphy values of 4.7±1.0; 4.9±1.0 and 4.7±0.9 for Venezu-
elan, Cuban and Puerto Rican pitchers, respectively.[30] In the 
present study, however, pitchers’ mean mesomorphy value was 
higher (5.66±0.17). 

Results of this study coincide with the morphological profile of elite 
baseball players described by other authors. Further research 
with comparative samples is needed to validate the relationships 
between players’ body type and performance. Nevertheless, the 
results of this study may be applied to criteria for selection and 
training of high-performance baseball players in Cuba.
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