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Introduction and objectives. The structural and
functional changes observed in the left ventricle in
professional soccer players could cause alterations in
ventricular rotation (Rv) and ventricular torsion (Tv). Our
aim was to characterize the changes in Tv that occur in
professional soccer players.

Methods. In total, 17 professional soccer players and
10 healthy volunteers who had not undergone training
(control subjects) were investigated by M-mode, B-mode
and Doppler echocardiography. Left ventricular systolic
and diastolic functional and structural parameters were
measured. Basal and apical Rv, and Tv were determined
using specially developed software (EchoPAC, GE
Medical Systems). In addition, Tv was characterized in
the time domain.

Results. In all subjects, left ventricular structural and
functional parameters were within the normal ranges.
Both left ventricular ejection fraction and shortening were
greater in soccer players (P<.05). The magnitude of
apical and basal Rv and the magnitude and velocity of Tv
were all lower in soccer players (P<.05). In soccer
players, there were negative correlations between the
maximum Tv achieved and left ventricular shortening and
ejection fraction (P<.05). 

Conclusions. The magnitude and velocity of Tv were
lower in soccer players. A reduction in Tv might take
place under certain physiological conditions and could
represent an adaptive response that contributes to
increased ventricular efficiency.

Key words: Echocardiography. Exercise. Physiology.
Soccer players. Basic research. Ventricular torsion. Left
ventricle.

A Reduction in the Magnitude and Velocity of Left Ventricular
Torsion May Be Associated With Increased Left Ventricular
Efficiency: Evaluation by Speckle-Tracking Echocardiography
Yanina Zócalo,a Eduardo Guevara,b Daniel Bia,a Eduardo Giacche,c Franco Pessana,c Roberto Peidro,b

and Ricardo L. Armentanoa,c

aDepartamento de Fisiología, Facultad de Medicina, Universidad de la República, Montevideo, Uruguay
bDivisión Diagnóstico por Ultrasonido, Instituto de Cardiología y Cirugía Cardiovascular, Fundación
Favaloro, Buenos Aires, Argentina 
cFacultad de Ingeniería, Ciencias Exactas y Naturales, Universidad Favaloro, Buenos Aires, Argentina

ORIGINAL ARTICLES

Correspondence: Dra. Y. Zócalo.
Departamento de Fisiología. Facultad de Medicina. 
Universidad de la República.
General Flores 2125. (11800) Montevideo. Uruguay.
E-mail: yana@fmed.edu.uy

Received November 14, 2007.
Accepted for publication March 4, 2008.

La reducción en el nivel y la velocidad 
de la torsión ventricular puede asociarse 
a incremento en la eficiencia ventricular
izquierda: evaluación mediante ecografía
speckle-tracking

Introducción y objetivos. Los cambios estructurales y
funcionales existentes en el ventrículo izquierdo (VI) de
futbolistas profesionales podrían determinar cambios en
el movimiento de rotación ventricular (Rv) y torsión ventri-
cular (Tv). El objetivo fue caracterizar los cambios en la
Tv existentes en futbolistas profesionales. 

Métodos. A 17 futbolistas y 10 voluntarios sanos no
entrenados (grupo control), se les realizó un estudio eco-
cardiográfico en modos M y B y Doppler. Se cuantificaron
parámetros estructurales y de función sistólica y diastóli-
ca del VI. La Rv basal y apical y la Tv se evaluaron utili-
zando un software diseñado para estos fines (EchoPAC,
GE Medical Systems). La Tv se caracterizó en el dominio
temporal.

Resultados. Todos los sujetos presentaron estructura
y función del VI dentro del rango de normalidad. La frac-
ción de eyección y la de acortamiento fueron mayores en
los futbolistas (p < 0,05). Los niveles de Rv apical y basal
y los niveles y velocidades de Tv fueron menores en los
futbolistas (p < 0,05). En los futbolistas, la Tv máxima al-
canzada y la fracción de eyección y la de acortamiento
mostraron correlación negativa (p < 0,05). 

Conclusiones. Los niveles y las velocidades de TV
fueron menores en los futbolistas. Las reducciones en la
Tv pueden ocurrir en condiciones fisiológicas y podrían
representar una respuesta adaptativa que contribuye a
aumentar la eficiencia ventricular.

Palabras clave: Ecocardiografía. Ejercicio. Fisiología.
Futbolistas. Investigación básica. Torsión ventricular.
Ventrículo izquierdo.



706 Rev Esp Cardiol. 2008;61(7):705-13

Zócalo Y et al. Torsion and Ventricular Functión

INTRODUCTION

Intensive and prolonged physical training is associated
with structural and functional changes in the left ventricle
(LV) which are gathered under the term “athlete’s heart.”
These changes include increases in ejection volume and
diameter as well as increased wall thickness and
ventricular mass. They are the result of an adaptive
response by the heart to hemodynamic overload caused
by training and exercise.1 These cardiac changes
qualitatively and quantitatively differ depending on the
type of sport. Such differences have been reported between
people who practice dynamic sports (eg, runners) and
those practicing static exercises (eg, weight lifters).
Similarly, the extent of the structural changes differs
according to the individual, in some cases making it
difficult to establish whether we are dealing with
physiological changes or with a pathological condition.1,2

The myocardial architecture is a key factor in left
ventricular functional capacity, efficiency and adaptation
in both pathological and physiological conditions. In
particular, the helical orientation of the myocardial band,
described by Torrent-Guasp,3,4 makes the LV base and
apex rotate in opposite directions during the cardiac cycle,
generating ventricular torsion (Tv).3-6 This motion is a
key aspect in ventricular biomechanics, because it allows
high pressures to develop and, at the same time, reduces
deformation and ventricular stress as well as evenly
distributing the stress across the thickness of the
myocardial wall.7,8 Thus, Tv has been identified as a
sensitive indicator of ventricular function and the specific
characteristics of Tv dynamics have been described for
physiological and pathological situations.6,9,10 However,
for many years, magnetic resonance imaging has been
the only method available to analyze Tv and so in actual
clinical practice the study of Tv has been restricted by
the limited availability, complexity and high cost of this
imaging technique. Recently, the use of speckle-tracking
echocardiography (STE) to characterize Tv has been
proposed and validated. Bearing in mind that STE is
cheaper, does not present contraindications, and is easy
to perform, its use in clinical practice would aid in the
systematic study of Tv.6,11

Taking into account, on the one hand, the relationship
of Tv with left ventricular structure and function, and,
on the other, the relationship of heart changes to physical

training, changes in Tv among athletes are expected. To
this extent, the analysis of ventricular rotation (Rv) and
Tv in sportspeople could contribute to: a) characterizing
changes in the biomechanical behavior of the left ventricle
(LV) associated with physical training; and b) identifying
and characterizing the differences in the biomechanical
behavior of the athlete’s heart and a pathological heart
(eg, myocardial disease). Until now, Rv and Tv have not
been studied in professional soccer players (PSP) despite
being the most practiced sport in the world. 

In this context, the aim of this work was to characterize
Tv changes in PSP using STE. To this end, the Tv
dynamics of PSP was characterized in the time domain
and compared to participants who had not undergone
physical training. 

METHODS

Study Population and Echocardiographic
Records 

The study was conducted according to the ethical
guidelines of the participating institutions. The study
included 17 PSP (age, 25 [5] years; body mass index
[BMI], 23.9 [1.1]) and 10 healthy volunteers (control
group) who had not undergone training, with no
cardiovascular risk factors and with an age and physique
similar to those of the PSP (age, 27 [6] years; BMI, 24.7
[3.1]). All participants underwent echocardiographic
study in M-mode, B-mode, and Doppler mode (Table
1) using a Vivid 7 cardiovascular ultrasound system (GE
Medical Systems, Milwaukee, Wisconsin, USA). Left
ventricular wall thickness and ventricular diameter were
recorded, and ventricular mass and relative wall thickness
calculated.12 Left ventricle diastolic function (E wave
and A wave velocity, and E/A ratio) and LV systolic
function (shortening fraction and ejection fraction) were
characterized using recommended parameters (Table
1).12 Subsequently, in order to study Rv and Tv, basal
images (mitral ring plane) and apical images (ventricular
cavity distal to papillary muscles) were acquired 
in parasternal short-axis view (acquisition frequency,
46-110 images/s).

Determining Rotation and Torsion

At the basal and apical levels, Rv defines the angular
displacement around the longitudinal axis of the LV and
is expressed in degrees. An anticlockwise Rv motion,
as seen from the LV apex, is expressed as a positive
value. Ventricular torsion is calculated as the difference
between basal and apical Rv (Figure 1).6,10,11 Ventricular
rotation was obtained using the EchoPAC 2DS software
package, version 3.3 (GE Medical Systems). In every
cardiac cycle studied, the endocardium was demarcated
at end-diastole (Figure 2). Then, ventricular thickness
was automatically defined for analysis using STE. The

ABBREVIATIONS

LV: left ventricle 
PSP: professional soccer players
Rv: ventricular rotation
STE: speckle tracking echocardiography
Tv: ventricular torsion



region of interest was automatically divided into 6
segments (which corresponded to myocardial segments),
labeled with different colors. In each segment, the
software selected stable structures that were tracked in
the sequential images during the cardiac cycle13,14 (Figure
2). Depending on the level of correlation of block

matching, the software assigned different tracking scores
to each segment analyzed, and these were visually
confirmed (to rule out tracking artifacts). When tracking
was defective, the records were reprocessed with
adjustments to the region of interest. The processing
procedure followed allowed us to obtain the apical and
basal Rv profile for each segment, with the centroid
determined from the midmyocardial line in each frame
(Figure 2). “Global” basal and apical Rv was estimated
as the mean Rv for the 6 segments (Figure 2). For Tv
stimulations, segment and global Rv data and
electrocardiographic data were exported to an Excel file
for processing (Excel 2000, Microsoft Corp, Seattle,
Washington, USA).11

The operator in charge of the echocardiographic study
knew to which group the participant being studied
belonged. The Rv and Tv analyses were performed by a
research team member who did not know to which group
the participant under study belonged.

Ventricular Torsion Analysis

In order to compare individuals with different heart
rates, systolic and diastolic Rv and Tv profiles were
normalized to the duration of each of these phases, and
time was expressed as a percentage of systole or diastole.15

Subsequently, time profiles were resampled using Fourier
series and 50 samples were obtained in each phase. Tv
was estimated as the difference between apical and basal
Rv6,11 (Figure 1). Tv values were expressed in degrees
per centimeter, taking into account LV length (base-to-
apex distance). 

Torsion and untwisting velocity during systole and
diastole, respectively, were estimated by the slope of the
ascending (systole) phase and descending (diastole) phase
of Tv (linear adjustment between 10% and 90% of Tv).

Statistical Analysis 

Reproducibility analysis. The echocardiographic
records of 5 participants from each group were randomly
selected and analyzed by the same observer on two
different occasions (approximately 1 month apart), and
by 2 other observers independently, in order to perform
intraobserver and interobserver variability analysis,
respectively. Variability was expressed as Pearson’s linear
correlation coefficient between measures. 

Analysis of results. The mean values of the
hemodynamic parameters and ventricular torsion and
untwisting (Tables 1 and 2) obtained for controls and
PSP were compared using the 2-tailed Student t test for
unpaired data. Each time profile (ventricular rotation,
and ventricular torsion and untwisting) obtained for the
control group and PSP was compared by analysis of
variance for repeated measures, followed by the
Bonferroni test. The association between ventricular
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TABLE 1. Hemodynamic, Structural, and Functional

Data of the Left Ventricle

Controls Soccer Players

Heart rate, beat/min 72 (7) 65 (8) 

Systolic blood pressure, mm Hg 129 (7) 126 (8)

Diastolic blood pressure, mm Hg 73 (4) 71 (5)

Interventricular septum, mm 9.9 (1.5) 10 (1.9)

LV posterior wall, mm 8.7 (2) 8.9 (1.3)

LV diameter at end-systole, mm 33.1 (4.1) 33.3 7.3)

LV diameter at end-diastole, mm 49.1 (4.5) 52.7 (4.1)a

Normalized LV wall thickness 0.4 (0.1) 0.3 (0.1)

Ventricular mass, g 190.9 (59.6) 218.3 (57.6)

E-wave velocity, m/s 0.83 (0.08) 0.8 (0.09)

A-wave velocity, m/s 0.54 (0.08) 0.52 (0.07)

E/A wave ratio 1.59 (0.28) 1.57 (0.28)

LV ejection fraction, % 63.9 (5.2) 69.7 (6.5)a

LV shortening fraction, % 35.6 (4.9) 39.9 (5.5)a

LV indicates left ventricle.
aP<.05 compared to controls. 
Data expressed as mean (standard deviation).
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Figure 1. Diagram of the torsion (τ) and rotation (θ) angle. At end-
diastole, 2 points are measured at the base (a) and apex (a’). At systole,
point a moves clockwise and reaches position b, and an apical anti-
clockwise motion makes point a’ reach position b’. Systolic t is defined
as the angle between the apical position (b’) and basal position (b, shown
in the apex as point b, projection). Diastolic τ (untwisting) is obtained in
a similar way.
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Figure 2. A: graph of ventricular basal rotation. B: graph of ventricular apical rotation during the cardiac cycle of a professional soccer player. Note
the structures identified (colored points) within the region of interest. Ventricular segments: light blue, anteroseptal; yellow, anterior; red, anterolateral;
green, inferolateral; pink, lower; blue, inferoseptal. The “global” ventricular basal and apical rotation (broken white lines) is the average of the curves
of the six segments (unbroken lines) of the region of interest. C: sequence obtained by overlapping synchronous basal and apical images at different
moments in the cardiac cycle. A cardiac cycle (viewed left to right) showing systolic contraction and diastolic dilation of left ventricle diameter and the
different directions of basal and apical Rv that determine Tv. Note the lag between segments (points) of similar color. 
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ejection fraction and ventricular shortening fraction and
peak Tv for each PSP was analyzed by linear correlation
analysis and by calculating Pearson’s linear correlation
coefficient. In all cases, a P value <.05 was considered
statistically significant.

RESULTS 

Hemodynamic Parameters

Blood pressure in all participants was within normal
ranges and no differences were found between the groups.
Heart rate was similar in controls and PSP. 

Ventricular Function and Structure

The parameter values for systolic and diastolic
ventricular function and structure were within the normal
range for controls and PSP. 

Ventricular mass, interventricular septum, posterior
wall, and normalized ventricular wall thickness were
similar in the two groups (P>.05). Ventricular end-diastole
diameter was greater in PSP than in the controls (P<.05). 

Ejection fraction and shortening fraction were greater
in PSP (P<.05) (Table 1). There were no statistically
significant differences between controls and PSP in
relation to E-wave and A-wave velocities and E/A ratio. 

Ventricular Rotation and Torsion 

The STE analysis made it possible to characterize Rv
and Tv in all participants. 

In 3 participants (11% of the sample), it was necessary
to adjust the region of interest to obtain an acceptable
tracking score (due to defective tracking in 2 segments
in 2 participants and 1 segment in one other participant).
A single observer estimated r=0.94 for peak systolic Tv
and r=0.92 for ventricular untwisting at the opening of
the mitral valve. Similarly, analysis of interobserver
variability indicated r=0.92 for peak systolic Tv, and
r=0.92 for ventricular untwisting at the opening of the
mitral valve.

Apical and basal Rv values were lower in PSP than in
the controls (P<.05) (Figure 3). The differences in apical
and basal Rv determined the differences in ventricular
torsion and untwisting between groups, with lower values
and lower LV torsion and untwisting velocities in PSP
(Table 2). The differences observed were greater near
the end of systole and beginning of diastole (P<.05)
(Figure 4).

Systolic Function and Ventricular Torsion 

Figure 5 shows a negative correlation for PSP between
peak ventricular torsion, and ejection fraction
(y=–0.1624x+17.039; r=0.70; P<.05) and shortening
fraction (y=–0.1985x+13.646; r=0.70; P<.05).

DISCUSSION 

The main findings of the present study are that the
levels and velocity (ascending and descending slopes)
of LV torsion and untwisting were smaller in PSP than
in the untrained control participants. Another important
contribution is that this is the first time that reduced
ventricular torsion and untwisting has been reported in
physiological conditions. In this regard, the reduction
in the ventricular torsion and untwisting values and
velocity among PSP occurs with normal diastolic
function and increased systolic function compared to
controls. Furthermore, greater ejection fraction and
shortening fractions are associated with smaller Tv
values in PSP. In the context of our work, these findings
would indicate that reduced Tv might be an adaptive
response in athletes to fulfill basal cardiovascular
demands (at physical rest), with reduced use of the Tv
mechanisms. 

Methodological Considerations

Echocardiography has become the main imaging
technique for cardiac evaluation. However, the study
of ventricular torsion and untwisting has been mainly
carried out using magnetic resonance imaging, thus
restricting the systematic study of LV torsion dynamics
due to the limited availability and high costs of this
imaging technique. Recently, Helle-Valley et al6 and
Notomi et al11 proposed and validated the study of Tv
using STE. The use of STE enables the characterization
of Tv and its study in cardiovascular clinical research
and practice, with the advantage of angle and translation
independence compared to Doppler ultrasound, but is
limited regarding its ability to obtain good quality images
in B mode. 

In this work, the dynamics of ventricular torsion
and untwisting in PSP were characterized using
STE in the time domain, and were then compared
with the control group of untrained participants of
the same age, BMI, and basal hemodynamic
conditions. 
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TABLE 2. Left Ventricle Torsion and Untwisting

Parameters

Controls Soccer Player

Mean systolic torsion, degrees 5.6 (2) 2.1 (0.9)a

Mean systolic torsion, degrees/cm 0.99 (0.06) 0.24 (0.12)a

Mean systolic untwisting, degrees –3.7 (2) –1.7 (0.8)a

Mean systolic untwisting, degrees/cm –0.67 (0.1) –0.12 (0.2)a

Ascending slope (velocity ), degrees/s 61.5 (14.2) 32.6 (11.8)a

Descending slope (velocity), degrees/s –30.6 (9.2) –13.7 (4.3)a

aP<.05 compared to controls.
Data expressed as mean (standard deviation).



Functional Considerations

Torrent-Guasp4 proposed that the ventricles were made
up of a single folded myocardial band twisted on itself
forming a double helix. This myocardial organization is
fundamental in ventricular function. If we take into
account that the shortening of sarcomeres is around 15%
of their length, ventricular volume would be reduced by
15% if fibers were longitudinally arranged, and by 30%
if arranged in circles, but the normal value of around
60% can only be obtained with a helical orientation.16 In

other words, systolic torsion and diastolic untwisting are
determined by the helical orientation of myocardial fibers,
thus allowing the physiological levels of shortening and
ejection to be achieved. Similarly, from the biomechanical
standpoint, Tv increases ventricular mechanical efficiency
by generating high ventricular pressure and a large
ventricular ejection volume, while reducing stress levels
and differences as well as intramyocardial deformation,
which translates into reduced ventricular oxygen
consumption.5,17
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Figure 3. Basal and apical rotation for systolic and diastolic phases in professional soccer players and controls. The mean value and standard deviation
only were included for better visualization.
*P<.05 compared to the controls
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Taking into account the relevance of Tv in ventricular
biomechanics, its use has been proposed to characterize
LV function, as it has been demonstrated that Tv is a
sensitive indicator of LV function. Changes in ventricular
architecture, geometry and function occur in both
pathological and physiological situations. In this regard,
it is known that both isometric and isotonic exercise
bring about cardiac change, and that the type and size
of such changes depend on the type of sport, duration
and intensity of training and on individual factors.1,2,18

Bearing this in mind, and the relationship of Tv to
ventricular structure and function, this study aimed at
investigating whether changes occur in LV torsion and/or
LV untwisting in PSP. 

Our results showed that, in general, the time-course
profile of systolic Tv and diastolic untwisting in PSP
and controls was similar, whereas the torsion and
untwisting levels were lower in PSP. This is a particularly
important finding, given that reduced ventricular torsion
and untwisting are described in ischemia, valvular heart
disease and dilated cardiomyopathy.9 Consequently, the
reduction in Tv has been associated with pathological
situations. However, in our work, the “reduction” in LV
untwisting and torsion is documented in participants
without diastolic function disorders and with normal
systolic function. In relation to this, it is worth noting
that our results show that ejection fraction and shortening
fraction values in PSP were higher than in controls.
This might seem surprising, taking into account that
some studies have found no differences in systolic
function between sportspeople and those who do not
practice sport. However, our results are consistent with
previous work where greater values of systolic function
were reported in athletes than in control participants,
both at rest and during exercise.19,20 Finally, it should
be pointed out that all the indicators of ventricular
geometry under study were within the normal range in
the PSP.12

Taking into account the characteristics of our
population, the reduction in torsion and untwisting values
and velocity found in PSP could be considered an adaptive
physiological change in response to training. In this
regard, our results show that greater ejection and
shortening fractions in PSP were associated with
reductions in peak Tv values (Figure 5). In this sense, it
could be suggested that among the PSP the heart requires
less torsion and untwisting to attain appropriate basal
cardiovascular functioning (at physical rest), compared
to controls. This would allow PSP to have a
“torsion/untwisting reserve,” that could be used when
demand increases (eg, during exercise). In this regard,
Notomi et al21 recently reported that Tv increases during
physical exercise. Tv would increase in PSP during
physical exercise, but the levels reached would be lower
than those reached in non-sporting participants in identical
conditions. In other words, given a similar increase in
metabolic demand (eg, physical exercise), the level of
ventricular torsion/untwisting needed to cope with such
metabolic demands in both untrained people and athletes
would be higher than at baseline (at rest), but the absolute
value would be lower in sportspeople, and consequently
mechanical torsion activity would also be lower. Future
work on Tv dynamics in untrained people and athletes
during exercise will help to analyze the validity of this
hypothesis. 

Study Limitations

The use of STE to study the dynamics of ventricular
torsion/untwisting has been recently validated,
demonstrating that data obtained with this technique has
high reproducibility with reduced intraobserver and
interobserver variability, as confirmed in this work.
Furthermore, angle independence and reduced
interference due to artifacts are documented advantages
of STE compared to studies conducted with tissue
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Figure 5. Correlation between peak ventricular torsion and ejection and shortening fractions in professional soccer players.



Doppler imaging. However, STE also has its limitations,
such as the difficulty to define reproducible anatomical
levels to evaluate ventricular rotation at the apical level,
the dependency of the analysis on the quality of
bidimensional images and the need to clearly demarcate
the endocardial border. In some cases, the latter requires
the use of low image acquisition rates (greater spatial
resolution), which might lead to low tracking scores and
undersampling at higher heart rates. In any case, given
the characteristics of the participants and the study
conditions, such limitations did not hinder the evaluation
of ventricular torsion/untwisting, and all participants
were analyzed. 

Finally, it should be emphasized that the number of
individuals included in this study prevents us from drawing
conclusions that could be extrapolated to the PSP
population as a whole. However, this is the first work to
characterize the dynamics of ventricular torsion/untwisting
in soccer players at rest (baseline) and showed that there
were differences between this group and untrained people.
The results obtained, as well as the feasibility and
reproducibility of the analytical technique, open the way
to new lines of research in the scientific community and
suggest using Tv analysis with STE as a new tool to
assess adaptation to physical training. It might also
contribute to differentiating between physiological and
pathological changes. Thus, further work is necessary to
analyze Tv in different situations (eg, in response to
exercise) with a greater number of individuals, under
different types of physical training and with different
diseases. 

CONCLUSIONS

Ventricular torsion and untwisting levels and velocity
were lower in PSP than in the control group. In conditions
of physical rest, decreased LV torsion and untwisting in
PSP could be considered a beneficial mechanism of
physiological adaptation in athletes, since they presented
normal diastolic function and increased systolic function
compared to controls. 

Reduced LV torsion and untwisting not only occur in
cardiovascular disorders, but can take place in
physiological conditions. 

ACKNOWLEDGEMENTS 

We would like to thank the following: Mr Ariel Desseno
and Mr Glenn R. Lie from the General Electric company for
providing the necessary software for data analysis in
Montevideo (Uruguay) and Buenos Aires (Argentina); Ms
Paula Bia Santana for her collaboration in creating the 
figures; CSICUDELAR and PEDECIBA-BIOLOGY 
(Uruguay) for their economic contribution to human resources
education; and to the Spanish Society of Cardiology for the
award granted to the present work at the Congress of
Cardiovascular Diseases (Madrid, Spain, October 18-20,
2007).

REFERENCES 

1. Pelliccia A, Culasso F, Di Paolo FM, Maron BJ. Physiologic left

ventricular cavity dilatation in elite athletes. Ann Intern Med.

1999;130:23-31.

2. Abernethy WB, Choo JK, Hutter AM. Echocardiographic

characteristics of professional football players. J Am Coll Cardiol.

2003;41:280-4.

3. Torrent-Guasp F. La estructuración macroscópica del miocardio

ventricular. Rev Esp Cardiol. 1980;33:265-87.

4. Torrent-Guasp F. Estructura y función del corazón. Rev Esp Cardiol.

1998;51:91-102.

5. Buckberg G, Coghlan H, Torrent-Guasp F. The structure and function

of the helical heart and its buttress wrapping. V. Anatomic and

physiologic considerations in the healthy and failing heart. Semin

Thorac Cardiovasc Surg. 2001;13:358-85.

6. Helle-Valle T, Crosby J, Edvardsen T, Lyseggen E, Amundsen BH,

Smith HJ, et al. New noninvasive method for assessment of left

ventricular rotation: speckle tracking echocardiography. Circulation.

2005;112:3149-56.

7. Beyar R, Dong SJ, Smith ER, Belenkie I, Tyberg JV. Ventricular

interaction and septal deformation: a model compared with

experimental data. Am J Physiol. 1993;265:H2044-56.

8. Taber LA, Yang M, Podszus WW. Mechanics of ventricular torsion.

J Biomech. 1996;29:745-52.

9. Tibayan FA, Rodriguez F, Langer F, Zasio MK, Bailey L, Liang D,

et al. Alterations in left ventricular torsion and diastolic recoil after

myocardial infarction with and without chronic ischemic mitral

regurgitation. Circulation. 2004;110:II109-14.

10. Notomi Y, Martin-Miklovic MG, Oryszak SJ, Shiota T, Deserranno

D, Popovic ZB, et al. Enhanced ventricular untwisting during exercise:

a mechanistic manifestation of elastic recoil described by Doppler

tissue imaging. Circulation. 2006;113:2524-33.

11. Notomi Y, Lysyansky P, Setser RM, Shiota T, Popovic ZB, Martin-

Miklovic MG, et al. Measurement of ventricular torsion by two-

dimensional ultrasound speckle tracking imaging. J Am Coll Cardiol.

2005;45:2034-41.

12. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka

PA, et al. Chamber Quantification Writing Group; American Society

of Echocardiography’s Guidelines and Standards Committee; European

Association of Echocardiography. Recommendations for chamber

quantification: a report from the American Society of

Echocardiography’s Guidelines and Standards Committee and the

Chamber Quantification Writing Group, developed in conjunction

with the European Association of Echocardiography, a branch of the

European Society of Cardiology. J Am Soc Echocardiogr. 2005;

18:1440-63.

13. Bohs LN, Trahey GE. A novel method for angle independent

ultrasonic imaging of blood flow and tissue motion. IEEE Trans

Biomed Eng. 1991;38:280-6.

14. Abd-Elmoniem KZ, Youssef AB, Kadah YM. Real-time speckle

reduction and coherence enhancement in ultrasound imaging via

nonlinear anisotropic diffusion. IEEE Trans Biomed Eng. 2002;49:

997-1014.

15. Chung J, Abraszewski P, Yu X, Liu W, Krainik AJ, Ashford M, et

al. Paradoxical increase in ventricular torsion and systolic torsion

rate in type I diabetic patients under tight glycemic control. J Am

Coll Cardiol. 2006;47:384-90.

16. Coghlan C, Hoffman J. Leonardo da Vinci’s flights of the mind

must continue: cardiac architecture and the fundamental relation of

form and function revisited. Eur J Cardiothorac Surg. 2006;29:

S4-17.

17. Arts T, Prinzen FW, Snoeckx LH, Rijcken JM, Reneman RS.

Adaptation of cardiac structure by mechanical feedback in the

environment of the cell: a model study. Biophys J. 1994;66:953-61.

18. Pluim BM, Zwinderman AH, van der Laarse A, van der Wall EE.

The athlete’s heart. A meta-analysis of cardiac structure and function.

Circulation. 2000;101:336-44.

712 Rev Esp Cardiol. 2008;61(7):705-13

Zócalo Y et al. Torsion and Ventricular Functión



19. Ghorayeb N, Batlouni M, Pinto IM, Dioguardi GS. Left ventricular

hypertrophy of athletes: adaptative physiologic response of the heart.

Arq Bras Cardiol. 2005;85:191-7.

20. Jensen-Urstad M, Bouvier F, Nejat M, Saltin B, Brodin LA. Left

ventricular function in endurance runners during exercise. Acta

Physiol Scand. 1998;164:167-72.

21. Notomi Y, Srinath G, Shiota T, Martin-Miklovic MG, Beachler L,

Howell K, et al. Maturational and adaptive modulation of left

ventricular torsional biomechanics: Doppler tissue imaging

observation from infancy to adulthood. Circulation. 2006;113:

2534-41.

Zócalo Y et al. Torsion and Ventricular Functión

Rev Esp Cardiol. 2008;61(7):705-13 713


